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he interaction of science and society is

increasingly a focal point of high school

studies, and with good reason: by explor-
ing the achievements of science within their his-
torical context, students can better understand a
given event, era, or culture. This cross-discipli-
nary approach to science is at the heart of Sci-
ence and Its Times.

Readers of Science and Its Times will find a
comprehensive treatment of the history of sci-
ence, including specific events, issues, and trends
through history as well as the scientists who set
in motion—or who were influenced by—those
events. From the ancient world’s invention of the
plowshare and development of seafaring vessels;
to the Renaissance-era conflict between the
Catholic Church and scientists advocating a sun-
centered solar system; to the development of
modern surgery in the nineteenth century; and
to the mass migration of European scientists to
the United States as a result of Adolf Hitler’s Nazi
regime in Germany during the 1930s and 1940s,
science’s involvement in human progress—and
sometimes brutality—is indisputable.

While science has had an enormous impact
on society, that impact has often worked in the
opposite direction, with social norms greatly
influencing the course of scientific achievement
through the ages. In the same way, just as history
can not be viewed as an unbroken line of ever-
expanding progress, neither can science be seen
as a string of ever-more amazing triumphs. Science
and Its Times aims to present the history of science
within its historical context—a context marked
not only by genius and stunning invention but
also by war, disease, bigotry, and persecution.

Format of the Series

Science and Its Times is divided into seven
volumes, each covering a distinct time period:

SCIENCE A N D I' TS
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Volume 1: 2000 B.C-699 A.D.
Volume 2: 700-1449
Volume 3: 1450-1699
Volume 4: 1700-1799
Volume 5: 1800-1899
Volume 6: 1900-1949
Volume 7: 1950-present

Dividing the history of science according to
such strict chronological subsets has its own
drawbacks. Many scientific events—and scien-
tists themselves—overlap two different time
periods. Also, throughout history it has been
common for the impact of a certain scientific
advancement to fall much later than the
advancement itself. Readers looking for informa-
tion about a topic should begin their search by
checking the index at the back of each volume.
Readers perusing more than one volume may
find the same scientist featured in two different
volumes.

Readers should also be aware that many sci-
entists worked in more than one discipline dur-
ing their lives. In such cases, scientists may be
featured in two different chapters in the same
volume. To facilitate searches for a specific per-
son or subject, main entries on a given person or
subject are indicated by bold-faced page num-
bers in the index.

Within each volume, material is divided
into chapters according to subject area. For vol-
umes 5, 6, and 7, these areas are: Exploration
and Discovery, Life Sciences, Mathematics, Med-
icine, Physical Sciences, and Technology and
Invention. For volumes 1, 2, 3, and 4, readers
will find that the Life Sciences and Medicine
chapters have been combined into a single sec-
tion, reflecting the historical union of these dis-
ciplines before 1800.
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Arrangement of Volume 4: 1700-1799

Volume 4 begins with two notable sections
in the frontmatter: a general introduction to sci-
ence and society during the period, and a gener-
al chronology that presents key scientific events
during the period alongside key world historical
events.

The volume is then organized into five
chapters, corresponding to the five subject areas
listed above in “Format of the Series.” Within
each chapter, readers will find the following
entry types:

Chronology of Key Events: Notable
events in the subject area during the
period are featured in this section.

Overview: This essay provides an overview
of important trends, issues, and scientists in the
subject area during the period.

Topical Essays: Ranging between 1,500
and 2,000 words, these essays discuss notable
events, issues, and trends in a given subject area.
Each essay includes a Further Reading section
that points users to additional sources of infor-
mation on the topic, including books, articles,
and web sites.

Biographical Sketches: Key scientists dur-
ing the era are featured in entries ranging
between 500 and 1,000 words in length.

Biographical Mentions: Additional brief
biographical entries on notable scientists during
the era.

Bibliography of Primary Source Docu-
ments: These annotated bibliographic listings
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feature key books and articles pertaining to the
subject area.

Following the final chapter are two addi-
tional sections: a general bibliography of sources
related to the history of science, and a general
subject index. Readers are urged to make heavy
use of the index, because many scientists and
topics are discussed in several different entries.

A note should be made about the arrange-
ment of individual entries within each chapter:
while the long and short biographical sketches
are arranged alphabetically according to the sci-
entist’s surname, the topical essays lend them-
selves to no such easy arrangement. Again, read-
ers looking for a specific topic should consult
the index. Readers wanting to browse the list of
essays in a given subject area can refer to the
table of contents in the books frontmatter.

Additional Features

Throughout each volume readers will find
sidebars whose purpose is to feature interesting
events or issues that otherwise might be over-
looked. These sidebars add an engaging element to
the more straightforward presentation of science
and its times in the rest of the entries. In addition,
each volume contains photographs, illustrations,
and maps scattered throughout the chapters.

Comments and Suggestions

Your comments on this series and sugges-
tions for future editions are welcome. Please
write: The Editor, Science and Its Times, Gale
Group, 27500 Drake Road, Farmington Hills,
MI 48331.
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Introduction: 1700—1799

The Age of Enlightenment Carries the
Scientific Revolution Forward

During the sixteenth and seventeenth cen-
turies the way educated people viewed the nat-
ural world and their relationship to it underwent
a radical transformation. Known as the Scientific
Revolution, this change was based on the work
of such scientists and philosophers as Francis
Bacon, Robert Boyle, Nicolas Copernicus, René
Descartes, Galileo Galilei, William Harvey,
Johannes Kepler, Gottfried Leibniz, and John
Locke. It reached its crowning achievement with
the publication of Isaac Newton’s laws of motion
in 1687.

As a result of the Scientific Revolution, by
the beginning of the eighteenth century people
had great confidence in the ability of reason to
explain the natural world. They believed that
scientific methods (such as those that had led to
Newton’s achievements in physics) could give
rational explanations for all phenomena. Not
only were Newton, Leibniz, and Locke still alive
as the new century began, but Newton and Leib-
niz subsequently published major new works.
They were joined by others who shared their
faith in rational explanations, and who were
attracted by the continuing success of this new
empirical approach. Devoting themselves sys-
tematically to problems in science and technolo-
gy, they critiqued, applied, and expanded this
new way of thinking about the world and
humanity’ place in it. Knowledge expanded and
practical applications of science grew at an
unprecedented rate. Because of this intellectual
ferment and the progress that came from it, the
eighteenth century is known as the Age of
Enlightenment.

Major discoveries about the composition of
the physical world, made by men like Henry
Cavendish, Joseph Priestley, and Joseph Black,
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were interpreted and synthesized into a theoreti-
cal framework by Antoine Lavoisier, who estab-
lished chemistry as a distinct science. The mod-
ern science of biology began to take shape as
new systems of nomenclature and classification
were developed by Carolus Linnaeus. The orga-
nization of knowledge in both these fields facili-
tated learning and understanding.

In the life sciences, the century saw signifi-
cant progress in the understanding of photosyn-
thesis, plant hybridization, the role of nerves in
muscle contractions, and the electrical basis of
nervous impulses. The science of nutrition was
launched by Rumford, and inoculation for the
prevention of smallpox was developed by
Edward Jenner.

Mathematics continued to play a significant
role in the development of the physical sciences,
and much progress came as scientists found
mathematical expressions for much of the physi-
cal world. During the eighteenth century, Pierre
Laplace and Joseph Lagrange made particularly
significant contributions in statistics, probability
theory, calculus, and analysis.

Similar strides were made in the physical
sciences. The work of Joseph Black, Benjamin
Thompson (Count Rumford), and others led to
important progress in the understanding of heat
and its transfer; Benjamin Franklin and Luigi
Galvani provided an understanding of electrici-
ty; and Daniel Bernoulli laid the foundations of
the science of hydrodynamics.

New Technology Leads to the Industrial
Revolution

Applying this new scientific knowledge to
technology led to new processes and inventions.

Life was made easier by such inventions as the
flushing toilet and bifocal spectacles. Benjamin
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Franklin invented the kitchen stove, liberating
women and servants from the difficulty of cook-
ing on the open hearth.

The production of manufactured goods was
greatly enhanced by the development of efficient
steam power, the blast furnace, and the hydraulic
press. Inventions like the flying shuttle, the spin-
ning jenny, the power loom, and Eli Whitney’s
cotton gin improved textile weaving. These (and
other) inventions led to a new industrial system
in which work was concentrated into a single
factory that employed many workers, replacing
traditional cottage industries in which work was
done by individuals in their homes. The Indus-
trial Revolution had begun, and the way people
lived and worked was changed forever.

During the eighteenth century, the inven-
tion of an accurate marine chronometer, devel-
opment of navigational quadrants, and other
new technology that aided navigation signifi-
cantly increased exploration of the world and
led to an expansion of worldwide trade. Of par-
ticular importance were the circumnavigations
of the globe by Captain James Cook. On land,
exploration of California, Alaska, and the
African interior began during this time. The
region beyond the Appalachian Mountains was
opened for settlement through the efforts of pio-
neers such as Daniel Boone. Nor were the heav-
ens neglected — hot air balloons were first used
for human transportation during this time.

Adverse Effects of the Growth of Science
and Technology

The extensive progress in science and tech-
nology during the Enlightenment created
change that was sometimes painful. While
expanding industrialization and trade enlarged
the middle class of merchants and manufactur-
ers and improved their living conditions, the
change from piece-work manufacture in the
home to factory production had negative conse-
quences for many people. The shift spurred the
development of industrial cities, whose rapid
growth produced squalid slums with a variety of
health and social problems.

Back on the farm, the development of scien-
tific agriculture and better equipment reduced
the need for farm workers (“freeing” them for
factory work). Furthermore, the expanding wool
market encouraged wealthy farmers to convert
much of the open land previously used for
growing crops into sheep pasture. Enclosure, as
it was called, left many small farmers without
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the means to survive, and their farms were effec-
tively dissolved. Entire communities, such as the
crofting (cooperative farming) towns of Scot-
land, were abandoned, and the population was
forced to seek a means of livelihood elsewhere,
often in the teeming industrial cities. Many emi-
grated to America, where they served as an
impetus for westward expansion.

A particularly cruel effect of technological
progress was the rise of slavery, especially in the
American South. Ironically, in the closing
decades of the eighteenth century, slavery was
becoming an economic liability, especially in the
Southern states. Slaves were expensive, and
there were no crops that could overcome in
profits what they cost to maintain, however
poorly. Cotton was a labor-intensive crop, and
deseeding it (except for Sea Island cotton, which
could only be grown along the coast) was so
time-consuming that it was hardly worth the
effort to plant it. Eli Whitney’ invention of the
cotton gin in 1793 changed everything. Sudden-
ly cotton seeds could be removed quickly and
easily, and even the hard-to-seed inland varieties
became highly profitable. Cotton became a cash
crop almost overnight, when farmers realized
they could sell to the British textile industry,
whose demand for cotton to feed their mills was
insatiable. This assured the South’s reliance on
slave labor for the next 60 years.

Religion was especially influenced by the
developing scientific (and quasi-scientific) ideas
of the Enlightenment. The church had dominat-
ed life in the West before the Scientific Revolu-
tion, yet its influence was gradually diminished
by the emergence of science, with its belief that
nature was both rational and understandable.
Among intellectuals, there was a rise in deism,
the belief that God created but then withdrew
from the world, and in atheism, the denial of
God’s existence. Geology, which became a sepa-
rate scientific discipline during the eighteenth
century, resulted in widespread debate on the
accuracy of the biblical creation story in Genesis.
Although the Catholic Church and other
denominations remained strong, a decreasing
confidence in established church doctrine and a
wish for a more individualized, less formal, reli-
gious expression grew. The founding of Method-
ism in England and the Great Awakening revival
in America were direct results.

Science, Technology, and Politics

In the political arena, the eighteenth centu-
ry was not a peaceful one. While monarchy
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remained the most widespread means of govern-
ment in the West, the middle class began to
demand freedom from arbitrary hereditary rule.
This led to two major revolutions: the American
colonists against England, resulting in the birth
of a new self-governing nation; and the middle
class and peasants of France against the king and
the ancien régime, resulting in years of turmoil,
and eventually the usurpation of power by
Napoleon.

Because industrial and scientific growth was
concentrated in France and England, these
nations became the primary world powers. Their
competition for territory, natural resources, and
markets caused a number of costly and destruc-
tive wars, in which new technology increased
casualties. These included the War of Spanish
Succession, the Seven Years’ War (fought as the
French and Indian War in America), and the
Napoleonic Wars. These political realities affect-
ed science directly. Governments financed the
development of new technologies because of
their potential contribution to the national econ-
omy and possible application to warfare, a prac-
tice that has remained in effect ever since.

Cultural Effects of Scientific Thought

The eighteenth century foreshadowed the
profound effect that science and technology
would have on all areas of human endeavor in
succeeding centuries. Enlightenment philosophy
was deeply influenced by the widespread confi-
dence in new scientific ideas and the rationality
of all things, including economic, social, and
political matters. Philosophical systems devel-
oped either in support of these new ideas or in
reaction to them. John Locke’s ideas formed the
philosophical bases of the American and French
revolutions. The writings of Francois Voltaire,
Jeremy Bentham, Immanuel Kant, David Hume,
Jean-Jacques Rousseau, Edmund Burke, and
George Berkeley were widely read in the eigh-
teenth century and remain influential today.
Their works are part of the foundation on which
our understanding of truth rests, and they influ-
ence our understanding of ourselves and the
world around us. In addition, the economic
principles of Thomas Malthus and Adam Smith
were instrumental in justifying laissez-faire poli-
cies and the spread of the Industrial Revolution.

Music, literature, and art also developed
greatly during the Age of Enlightenment.
Changes in these fields reflected a cultural
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response to the Scientific Revolution and the
Enlightenment. Styles evolved from a concentra-
tion on mathematical form and precision (the
Baroque era) through a nostalgic return to sim-
pler ideals (the Classical period) into an idyllic
focus on the natural world (the Romantic style).
Some historians argue that music reached its
highest point during the eighteenth century with
the introduction of the concerto, symphony,
sonata, and opera in their modern forms; the
invention of the piano; and the compositions of
Johann Sebastian Bach, Georg Friederich Han-
del, Antonio Vivaldi, Joseph Haydn, Wolfgang
Amadeus Mozart, and Ludwig van Beethoven.

The principal visual artists of the eighteenth
century portrayed people and the natural world
realistically. They included Thomas Gainsbor-
ough and Joshua Reynolds in England, Jacques-
Louis David (who portrayed French patriotic
fervor) and Jean-Baptiste Chardin in France,
Francisco Goya (whose works involve social
criticism) in Spain, and Gilbert Stuart and John
Singleton Copley in America.

Prose forms, especially the essay, were
developed into effective means for influencing
political thought and disseminating scientific
and other ideas. Joseph Addison, Denis Diderot,
and Jean-Jacques Rousseau were particularly
successful essayists; Jonathan Swift and Francios
Voltaire were especially adept with satire. The
English novel flourished with such authors as
Daniel Defoe and Henry Fielding. The Scotsman
Robert Burns made colloquial poetry an accept-
able form. A strong Romantic movement devel-
oped at the end of the century, especially in
poetry. Its practitioners, who were strongly
influenced by the scientific observations of the
naturalists, included Friedrich Schiller, Johann
Wolfgang von Goethe, William Wordsworth,
William Blake, and Samuel Taylor Coleridge.

The effort to codify all knowledge scientifi-
cally also led to the publication of Samuel John-
son’s Dictionary in England and Encyclopédie in
France. Both were the first of their kind; the lat-
ter was regarded as the Bible of the Enlighten-
ment. The first daily newspaper, the Daily
Courant, debuted in England in 1702. By the
end of the century, public newspapers were
commonplace among in France and the Ameri-
can colonies as well. The Enlightenment ideal of
knowledge and rational discovery was being dis-
seminated to the people.

J. WILLIAM MONCRIEF
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1700-21 Power struggles consume
Europe, as the continent is embroiled in
the War of the Spanish Succession (1700-
1714) and the Great Northern War (1700-
1721).

1701 Frederick III, elector of Branden-
berg, establishes the kingdom of Prussia
with himself as King Frederick L.

1707 England and Scotland form the
United Kingdom of Great Britain, combin-
ing the Scottish cross of St. Andrew and
the English cross of St. George to form the
Union Jack.

1714 Gabriel Daniel Fahrenheit invents
the first accurate thermometer, along with
the scale which bears his name, in 1730;
Réné Antoine Ferchault de Réaumur
develops his own thermometer and scale;
and in 1742 Anders Celsius introduces the
centigrade scale later adopted internation-
ally by scientists.

1728 Daniel Bernoulli, studying the
mathematics of oscillations, is the first to
suggest the usefulness of resolving a com-
pound motion into motions of translation
and rotation.

1735 Swedish botanist Carolus Linnaeus
outlines his system for classifying living
things, with a binomial nomenclature that
includes generic and specific names.

1740-48 The War of the Austrian Succes-
sion, involving numerous European
nations, results in the establishment of
Prussia as a major European power.

1750s-70s The Enlightenment spawns
great works, including the Encyclopédie of
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Diderot and d’Alembert (1751-72), Samuel
Johnson’s Dictionary of the English Language
(1755), David Hume’s An Enquiry Concern-
ing Human Understanding (1758), Voltaire’s
Candide (1759), Rousseau’s Du contrat
social (1762), and Adam Smith’s Wealth of
Nations (1776).

1756-91 Meteoric career of Wolfgang
Amadeus Mozart, who was born six
years after Bach’s death in 1750, and
who in 1787 taught a young Ludwig van
Beethoven.

1756-63 The first worldwide conflict of
modern times, the Seven Years War, is
fought in Europe, North America, and
India, resulting in establishment of Britain
as worlds leading colonial power and
Prussia as an up-and-coming force on the
European continent.

1768 Lazzaro Spallanzani, who three
years earlier had published data refuting
the theory of spontaneous generation,
concludes that boiling a sealed container
prevents microorganisms from entering
and spoiling its contents.

1768 Captain James Cook embarks on
the first of three voyages over the next
twelve years, which included expeditions
to the Pacific, the ice fields of Antarctica,
and the northern Pacific coasts of North
America and Asia.

1769 James Watt obtains the first patent
for his steam engine, which improves on
ideas developed by Thomas Newcomen
half a century earlier and is the first such
engine to function as a “prime mover”
rather than as a mere pump.
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Chronology

1700-1799

1774 Joseph Priestley, an English
chemist, discovers oxygen.

1775-83 Britain’s colonies in North
America revolt against the mother country,
declare independence (1776), and secure
victory after an eight-year war.

1781 German-English astronomer William
Herschel discovers Uranus, the first planet
discovered in historic times.

1783 Jean Francois Pilatre de Rozier and
the Francois Laurent, marquis d’Arlandes
become the first human beings ever to fly,
in a Montgolfier hot-air balloon.

1787 The United States Constitution is
ratified, formally establishing the new
nation.

1789 The French Revolution begins.

SCIENCE A N D I' TS
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1792 France declares itself a republic; a
year later, Louis XVI and Marie Antoinette
are executed, and the Reign of Terror
begins.

1793 Eli Whitney invents the first cotton
gin, which greatly stimulates the U.S. cot-
ton industry—and helps perpetuate slav-
ery in the process.

1795 Gaspar Monge makes public his
method for representing a solid in three-
dimensional space on a two-dimensional
plane—i.e., descriptive geometry, a mili-
tary secret that had long been guarded by
the French government.

1799 The corrupt Directory, which
assumed power in 1795 and ended the
Reign of Terror in France, is replaced by
the Consulate under Napoleon Bonaparte.
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Exploration and Discovery

Chronology

1741 Thirteen years after his first voyage
of exploration in the sea channel between
Siberia and Alaska that bears his name,
Vitus Bering discovers the Alaskan main-
land and Aleutian islands.

1743 French explorer Charles-Marie de
La Condamine leads the first scientific ex-
ploration of the Amazon River.

1748 Excavation of Pompeii, destroyed by
a volcano some 1,700 years before, begins.

1767 Samuel Wallis leads the first Euro-
pean expedition to Tahiti.

1768 Captain James Cook embarks on
the first of three voyages over the next
twelve years, which will include expedi-
tions to the Pacific, the ice fields of Antarc-
tica, and the northern Pacific coasts of
North America and Asia.

1769 Junipero Serra explores California
and establishes the first Spanish mission at
San Diego; over the next seven years, he
also establishes missions at Los Angeles
and San Francisco.
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1783 Jean Francois Pilatre de Rozier and
the Francois Laurent, marquis d’Arlandes
become the first human beings ever to fly,
in a Montgolfier hot-air balloon.

1786 Michel-Gabriel Paccard and Jacques
Balmat become the first to reach the sum-
mit of Mont Blanc.

1792 George Vancouver charts the Pacific
coast of North America from California to
Alaska.

1792 Pedro Vial establishes the Santa Fe
Trail between Santa Fe, New Mexico, and
St. Louis, Missouri.

1796 Mungo Park explores the African
interior and is the first European to dis-
cover the Niger River.

1799 Soldiers in Napoleon’s army occu-
pying Egypt discover the Rosetta Stone,
whose translation two decades later will
unlock the mystery of ancient hieroglyph-
ics.
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Overview:
Exploration and Discovery 1700-1799

Background

Explorers throughout history have been driven
by a desire for discovery that has incorporated a
multitude of objectives both personal and na-
tionalistic. From the conqueror to the adventur-
er, all types of explorers, both men and women,
have traveled to the furthest corners of Earth. As
man broadened his horizons, one of the
strongest forces driving further exploration be-
came the pursuit of trade, especially in luxury
goods such as precious metals, jewels, furs, silk,
aromatic scents, and spices. In the 1600s organi-
zations such as the East India Company made
historic ocean voyages to the Orient and South
Pacific. Trade soon led to permanent trading
posts and these in turn led to colonial occupa-
tion such as the colonies founded in North
America. By the end of the seventeenth century
explorers also began to venture forth for nobler
motives—some as missionaries, others for the
love of travel, as well as those interested in satis-
fying scientific curiosity.

In the eighteenth century explorers made
great strides in compiling more accurate geo-
graphic and meteorological data and maps, and
contributed to political history and expansion,
diplomacy, and geography. Their expeditions also
helped to dispel many myths and superstitions re-
garding the oceans and continents of Earth. Oth-
ers traveled to expand the new sciences of mathe-
matics, physics, and astronomy (all of which influ-
enced navigation). Still others widened the
knowledge of archaeology, geology, anthropology,
ethnology, and other natural sciences.

European Nations Explore the Pacific
Ocean

Much European exploration had concentrated in
previous centuries on the Atlantic Ocean and the
lands bordering its coastlines. In the 1700s Eu-
rope’s nations began to survey, explore, and lay
claim to lands along and islands in the Pacific
Ocean, the largest of Earth’s three great oceans.
Prior to the eighteenth century the Pacific had
been a vast sea to be crossed by circumnaviga-
tors and others seeking routes to the East or by
men seeking undiscovered continents. Although
the search for the elusive terra australis, a leg-
endary southern continent filled with mythic,
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fantasy creatures, still spurred voyages to the Pa-
cific in the early and middle part of the century,
more significant exploration was accomplished
by those seeking to learn more about the great
ocean itself.

The quest for terra australis led Dutch Ad-
miral Jacob Roggeveen (1659-1729) to the first
of many islands to be visited by Europeans. On
Easter Day 1722 his voyage, sponsored by the
West Indian Company, resulted in the discovery
of Easter Island, and set the stage for future voy-
ages to the South Pacific. Similarly, the British
Admiralty selected Captain Samuel Wallis
(1728-1795) for a voyage of exploration to the
South Pacific in search of terra australis. Wallis
instead discovered Tahiti, introducing the island
to European society.

The North Pacific was also explored during
this time. In 1728 and again in 1733-41, the
Russian Navy sent Vitus Bering (1681-1741) on
voyages to map large portions of Russia’s coasts
and northwestern North America. These voyages
had a great impact on Russian trade in the area.
The strait separating Asia from North America is
named for Bering. Also exploring the North Pacif-
ic was British Captain George Vancouver (1757-
1798), who surveyed and mapped the Pacific
coast from Alaska to Monterrey between 1790-
95. Vancouver’s voyage, its critical survey, accu-
rate soundings, and the coastal data returned had
a tremendous impact on the expansion of British
control of land and sea in the region.

The French, long embroiled with political
and national concerns at home, made their first
major ocean explorations in the 1700s—and the
first French navigator to sail around the world on
a voyage of discovery was Louis-Antoine de
Bougainville (1729-1811), who spent a signifi-
cant time in the South Pacific. In 1785 Jean-
Francois de Galaup, comte de la Pérouse (1741-
1788?), explored the North Pacific from China to
Japan. On the return voyage via Australia, the
comte and his crew were lost at sea. In an effort
to discover La Pérouse’s whereabouts, the French
sent Antoine de Bruni (1739-1793) to the South
Pacific, where he charted the Tasmanian and
Australian coasts and many of the region’s islands
before dying of scurvy. De Bruni’s accurate maps
allowed France to lay claim to numerous islands
he discovered—France soon expanded its territo-
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rial possessions to include many South Sea is-
lands. His records of oceanographic and meteo-
rological data were invaluable to future mariners
and aided the French in planning trade routes
and military objectives in the South Pacific.

The most significant Pacific explorer was
Britain’s Captain James Cook (1728-1779). His
three major voyages of discovery to the Pacific
yielded vital data for navigators, botanists, and
naturalists, and the medical sciences (especially
with regards to proper diet to prevent scurvy).
On his first voyage, Cook made important celes-
tial observations, circumnavigated New Zealand,
and explored the east coast of Australia; on his
second, he circumnavigated the globe from west
to east, discovered New Caledonia, the South
Sandwich Islands, and South Georgia, was the
first to travel below the Antarctic Circle, and his
voyage of over 60,000 miles (96,560 km) also
proved that terra australis did not exist; on his
third voyage, he proved the Northwest Passage
was not a practical route from the west and dis-
covered Hawaii, where he was killed during a
second visit. The data collected on his voyages
provided a more realistic map of the globe. Over-
all, as a single man, Cook had a tremendous im-
pact on the world he lived in and helped shift the
world’s focus from exploration to development.

Europeans in North America and Africa

Although the Pacific was the region most visited
by explorers in the 1700s, other expeditions
were traveling to unexplored lands closer to Eu-
rope and its colonies. From 1731-43, Pierre
Gaultier de La Vérendrye (1685-1749) led an
expedition team that included his sons on an ex-
tensive journey that established numerous forts
and trading posts throughout the northern half
of North America and spurred the fur trade and
Indian relations for his sponsors. (Others who
influenced fur trade in the northernmost parts of
North America included seafarers Bering and
Vancouver.) From 1736-43 Frenchman Charles-
Marie de La Condamine (1701-1774) led the
first scientific exploration of the Amazon River.
Other explorers blazed trails in North America
that aided expansion to the West—such as
Frenchman Pedro Vial (17462-1814) who was
hired by the Spanish governor of Santa Fe to es-
tablish trade routes from there to St. Louis, New
Orleans, and San Antonio. (The 1803 signing of
the Louisiana Purchase would give American
settlers direct access to Vial’s Santa Fe Trail.)

Trailblazing translated to rivers in Africa,
where in 1772 British explorer James Bruce
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(1730-1794) became the first European to fol-
low the Blue Nile to where it converged with the
White Nile in Ethiopia. In 1795 Scotsman
Mungo Park (1771-1806) located the Niger
River and followed it over 1,000 miles (1,609
km) through the African interior. His adven-
tures, which he published, and his description
of Africa fueled Europe’ interest in the conti-
nent. Another unique expedition was one spon-
sored by the Danish government to the Near
East from 1761-67—the first European expedi-
tion to that area of the world. The only survivor,
a German explorer and surveyor, was Carsten
Niebuhr (1733-1815), who continued exploring
even after the deaths of his companions, return-
ing to publish several important reports as well
as a three-volume set of notes from the expedi-
tion’s naturalist. Even the possibility of death
was not a deterrent for the most intrepid of ad-
venturers, and many were to follow in Niebuhr’s
footsteps in the nineteenth century.

As European explorers traveled around the
world, other discoveries and firsts were made
closer to home. The year 1786 saw the birth of
modern mountaineering as three men made mo-
mentous ascents of Mont Blanc in the Alps. The
birth of modern archaeology can be traced to
three separate events in the eighteenth centu-
ry—the 1738-48 discovery and meticulous ex-
cavation of the cities of Herculaneum and Pom-
peii in Italy, covered since A.D. 79 by volcanic
debris; the 1790 discovery and revolutionary in-
terpretation of Stone Age tools on the lands of
John Frere (1740-1807) in England; and the
1795 discovery of the Rosetta Stone in Egypt by
French soldiers in Napoleon’s army. All three
events had lasting impact on the science of ar-
chaeology.

Conclusion

By the end of the eighteenth century superstition
and hearsay about the world’s lands and oceans
were a thing of the past. In the 1800s men
turned to science, and governments turned to
colonial expansion. Historic ocean voyages, epic
adventures, and exhaustive expeditions rapidly
expanded national boundaries and imperial do-
mains as well as scientific knowledge in the
fields of botany, zoology, ornithology, marine bi-
ology, geology, and cultural anthropology. By the
end of the nineteenth century few areas of the
world remained undiscovered and unexplored
by man.

ANNT. MARSDEN
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Voyage Into Mystery:
The European Discovery of Easter Island

Overview

Dutch Admiral Jacob Roggeveen (1659-1729)
made the first European discovery of Easter Is-
land on Easter Day, April 5, 1722, and ended
1,400 years of isolation on the island. Triangular
shaped, Easter Island or Rapa Nui as it is known
locally, is located 2,300 miles (3,700 km) west
of the Chilean coast in the South Pacific Ocean.
Over 2,000 miles (3,200 km) from the nearest
populated center, Rapa Nui is one of the most
isolated settlements in the world. The island is
small, only 60 square miles (155 sq km), and is
barren except for the hardy grasses that grow
there, but is noted because of the large mysteri-
ous statues or moai that dot the island. Although
the discovery of this island was not considered
important at the time, it has since attracted the
attention of archaeologists and scientists from all
over the world.

Background

It was largely the hunt for riches and commerce
that led to the exploration of the South Pacific
Ocean by Europeans. It was commonly believed
there was a large super continent called terra
australis incognito in the Southern Hemisphere,
and many expeditions left for the Pacific in
search of it. Vasco Nurnez de Balboa (1475-
1519) was the first European to sight the Pacific
in 1513, and seven years later Ferdinand Magel-
lan (1480?-1521) rounded South America and
sailed across the Pacific Ocean. It was the Span-
ish, interested in trade, who led the initial explo-
rations of the South Pacific from 1567-1606.
The Dutch, who were excellent seamen, fol-
lowed. Jakob Le Maire (1585-1616) was an en-
trepreneur who explored the Pacific in 1615 and
1616, followed by fellow Dutchman Abel Tas-
man (1603-1659) in 1642, who worked for the
East Indian Company.

Roggeveen’s voyage used the knowledge of
the Dutchmen who preceded him, as well as
that of Englishmen William Dampier (1652?-
1715) and Edward Davis. In 1687 Dampier and
Davis were in the Pacific in search of the south-
ern continent and reported “seeing” a low sandy
island, and Davis said he could make out the
faint outline of mountains in the background.
This was of particular interest to Roggeveen,
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who had inherited from his deceased father the
rights to an expedition to the South Pacific with
the West Indian Company. Retired from a posi-
tion with the East Indian Company, Roggeveen
renewed the proposal with the rival West Indian
Company. Desirous of finding terra australis and
aware of the accounts given by Dampier and
Davis, the company approved the expedition
and provided Roggeveen with three ships, the
Arend, African Galley, and Thienhoven. Roggeveen
and his crew of 233 departed from Holland on
August 21, 1721.

Crossing the Atlantic, they touched briefly
at the Falkland Islands, and sailed for Le Maire
Strait and Cape Horn. It was a three-week pas-
sage to the Pacific during cold weather, which
correctly convinced Roggeveen there was a large
landmass in the polar region, but he thought it
was part of terra australis. The next stop was the
Juan Fernandez Islands off Chile, where
Roggeveen was so enthralled that he planned to
return and establish a settlement. From these is-
lands, Roggeveen sailed west, looking for
Dampier’s island.

The crew aboard the African Galley was the
first to see the what was subsequently named
Paasch Eyland (Easter Island), on April 5, 1722.
Excited, Roggeveen and his crew thought it
could indicate the presence of the elusive south-
ern continent. Staying offshore, they noticed
smoke coming up from various parts of the is-
land the next day. Roggeveen decided to send
the well-armed Arend and Thienhoven closer to
look for a suitable place to lay anchor. With bad
weather on April 7, the ships were not able to
drop anchor, but an islander did canoe out to
visit one of the ships. The Dutch were amazed
by the totally nude man who boarded their ship.
He was described as being well-built and tall,
with tattoos all over his body. The islander was
equally amazed by the Dutch, and marveled at
their well-built ship. The crew sent him back
with two strings of blue beads, a small mirror,
and a pair of scissors. Following this, Roggeveen
brought his ships closer to the island and was
disappointed to see it did not fit the description
of Dampier’s island. On April 8, all ships set an-
chor offshore, but the weather was still too bad
to go ashore, and the following day more is-
landers came out to meet the Dutchmen. They
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Giant statues at Easter Island. (Susan D. Rock. Reproduced with permission.)

too admired the Dutch ships, and were so bold
they stole the hats right off the men’s heads and
dove back into the ocean. Roggeveen organized
a shore party of 134 men on the same day.
While cautious, the crew was curious about the
island, as they could see on shore the huge
megaliths that have made the island famous.

Impact

Rowing ashore on April 10, 1722, Roggeveen
and his crew climbed over the rocks that cov-
ered the shoreline and began marching into the
interior, but were deluged by a large gathering of
islanders. As they were coming into formation,
Jacob heard shots fired from the back. An is-
lander had tried to grab a musket from one of
the men, who in return struck him, while anoth-
er islander grabbed at the coat of one of
Roggeveen’s men. In defense, the islanders
picked up rocks and the nervous crewmembers
shot at them. In the end, 10 to 12 of the is-
landers lay dead, while several more were in-
jured. Settling down quickly, the islanders tried
to restore the peace by presenting Roggeveen
with large amounts of fruit and poultry. Rela-
tions remained friendly, and Roggeveen was
shown around part of the island. He noticed
about 20 well-made huts, and several poorly-
made canoes. A lack of women and children
were also noticed. Naturally, the statues were of
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great interest to Roggeveen, with some of them
as a high as 30 feet (9.1 m), and carved in
human form. It was difficult for the Dutch to
understand how the statues could have been
erected since there were no trees to provide
poles for leverage. Roggeveen concluded, incor-
rectly, they were made of clay and surfaced in
stone. Only remaining on the island one day, the
three ships sailed eastward in search of Terra
Australis, which Roggeveen was convinced must
be close.

Roggeveen sailed on in search of the south-
ern continent. In mid-May he came to the
fringes of the Tuamotus Islands, were he lost 10
men in an altercation with local residents. His
poor luck continued, when he lost one of his
ships on the reefs that surround the Tuamotus.
The men became discouraged after sailing in the
Pacific for another month, still unable to find the
continent. A meeting was held, and Roggeveen
decided to sail west for the Dutch outposts in
Batavia (Jakarta).

Enroute to the outposts, Roggeveen passed
the island of Bora-Bora and then the Samoan Is-
lands. Roggeveen and his expedition were the
first Europeans to see the Samoan Islands, but
only went ashore briefly to get fresh fruit and
water. By this time the crew was ravaged by
scurvy, which killed 140 crewmembers. Passing
between the island groups of Tuvalu and Kiri-
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bati, they headed north of New Guinea and onto
the Moluccas, which were part of the Dutch East
Indies. They arrived at Batavia in September
1722, where the rival East Indian Company con-
fiscated their ships claiming they were trespass-
ing on their territory. Virtually taken prisoner,
they were escorted back to the Netherlands by
the company. Later, the East Indian Company
was taken to court and ordered to pay restitu-
tion to Roggeveen and his crew.

It was nearly 50 years before the island was
revisited by Europeans, then by the Spanish, led
by Don Felipe Gonzalez, who arrived in 1770.
They too noticed there were no women on the
island and suspected the islanders had under-
ground hiding places. It was also noticed by the
Spanish that the moai were not made of clay, but
of stone. Four years later the island was visited
by Captain James Cook (1728-1779), who actu-
ally saw the entrances to the underground caves,
but was not permitted access. It was on Cook’s
second voyage (1772-75) to the Pacific that he
proved the southern continent Terra Australis
did not exist. The French arrived at Easter Island
in 1786 and confirmed the existence of the caves
when they were escorted through the hidden
caverns. But disaster struck in 1862, when the
Peruvians conducted a major slave raid on East-
er Island, taking more than 1,000 people. Later
they were forced to return their captives to the
island, but by then illness and disease had killed
most of them. The survivors returned to the is-
land only to spread smallpox to the remaining
population, reducing it to just 111.

While European intrusion on the island had
devastating effects, its ecology and civilization
were already in a state of crisis when the Euro-
peans arrived. Rapa Nui was once a sub-tropical
island, thickly covered in palm trees and home
to many different bird species. Polynesians, as it
has been determined, probably first came to the

island around A.p.400. A rich and complex soci-
ety developed and the population swelled to
nearly 10,000. Rival clans developed and each
built moai for political as well as religious rea-
sons. A period of decline came in A.p. 1500, as
the growing population put too much pressure
on the island’s ecosystem, and all the palms were
cut down to move moai or to supply fuel for the
islanders. As resources dwindled, wars followed
and the population fell to approximately 2,000,
while Easter Island was reduced rock and grass.
After a long and colorful history Chile annexed
Easter Island in 1888. The islanders became full
Chilean citizens in 1965, when a civilian gover-
nor was appointed to the island.

Since Roggeveen did not find the southern
continent, his sponsors considered his expedi-
tion a failure, though Roggeveen, along with ex-
plorers like Captain Cook, contributed greatly to
European knowledge of the South Pacific.
Roggeveen’ findings inspired the imaginations
of laypersons and scientists alike, and archaeolo-
gists have learned much about the lives and
travels of ancient humans from Easter Island.
The moai have long been the subject of fascina-
tion and controversy, with some even suggesting
the giant megaliths were built by aliens. Easter
Island’s fate also serves as a reminder of Earth’s
fragility, and the responsibility we have to pre-
serve and protect it for future generations.

KYLA MASLANIEC
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First Scientific Exploration of the Amazon River
Led by Charles-Marie de La Condamine

Overview

In an expedition intended to take the most accu-
rate measurements ever of Earth, a team of
French scientists were given permission as the
first foreigners to be allowed into the New
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World territories of the Spanish Empire for the
purpose of conducting scientific research. At the
end of years of work the expedition’s leader,
Charles-Marie de La Condamine (1701-1774),
undertook the first scientific expedition down
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the length of the Amazon River from its headwa-
ters in the Andes Mountains to its mouth on the
Atlantic Ocean. Previous explorers to the area
were military or government agents acting on
behalf of the Spanish or Portuguese authority in
the New World or clergy accompanying them.
La Condamine’s exploration, which occurred
over the course of 4 months in 1743, focused on
observing the river and its environment. The ex-
pedition would turn out to be the main achieve-
ment of the original mission.

Background

In the first half of the eighteenth century physi-
cists, geographers, and astronomers had come to
the conclusion that the various forces acting on
Earth as it spun on its axis changed its shape
from the perfect sphere it was long assumed to
be. Two conflicting theories arose as to how that
shape was imperfect. English physicist Sir Isaac
Newton (1642-1727) calculated that the planet
flattened out at the poles and bulged at the
equator. A conflicting theory was put forward by
two French astronomers, Giovanni Domenico
Cassini (1625-1712) and his son Jacques (1677-
1756), who made measurements demonstrating
that Earth was elongated at the poles and drew
in at the equator. The French Academy of Sci-
ences decided to settle the matter by sending
two expeditions out to make the same measure-
ments where they would show the greatest dif-
ference. One team was sent to northern Scandi-
navia to make the measurements close to the
North Pole. The other team, led by the mathe-
matician Charles-Marie de La Condamine,
would go to northern Peru, where the equator
passed through the Andes Mountains in South
America. Each expedition would take accurate
measurements of the distance covered by one
degree of latitude and compare the measure-
ments back at the Academy of Sciences in Paris.

La Condamine’s team was given unprece-
dented permission from the Spanish Crown to
travel into its South American territories to con-
duct their research. In May 1735 they sailed
from France to what is now Colombia, and from
there traveled to the Isthmus of Panama, where
they crossed overland to the Pacific Ocean.
From there they sailed to the northern portion
of the Peru Territory (now Ecuador) and ascend-
ed the mountains to the city of Quito, where
they would make their measurements. Delays
plagued the expedition: accusations of espi-
onage, meddling colonial officials, disputes over
the participation of Spanish scientists, and death
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threats. In the middle of all their delays word ar-
rived from France that the Arctic expedition had
returned, and their data confirmed Newton’s
theory that Earth flattened at the poles. La Con-
damine’s team continued its work, and in 1743
they made their last measurements. The expedi-
tion split up with only La Condamine making an
immediate return to France.

La Condamine chose to make his way back
to France by embarking on a mapping expedi-
tion down the Amazon River. He chose a route
that began at the furthest navigable reaches of the
Marafion river and proceeded through the dan-
gerous pass at Pongo of Manseriche for the ex-
pressed purpose of seeing the pass. In June 1743
La Condamine and his native Andean guides left
from the river port of Jden in what is now north-
ern Peru, about 100 miles (160.9 km) from the
Pacific coast of South America. Traveling on a raft
built by his guides, La Condamine had several
close calls with not only his life but also the eight
years of research and scientific instruments he
was transporting back to France. However, dur-
ing the expedition’s arrival in South America La
Condamine had been introduced to latex made
from the sap of the rubber tree. Early on in the
trip he was able to make rubber-treated sheets of
cloth into waterproof bags that he used to protect
his scientific instruments from the tropical mois-
ture. After passing through the Pongo of
Manseriche, where the river narrowed from
1,500 to 150 feet (457 to 45.7 m) across, La
Condamine again almost lost his raft and work
before emerging out of the mountains and onto
the flat plain of the Amazon basin.

The raft arrived at a settlement on the river
at Borja, where a priest provided him with a
map of the area and accompanied him for the
next portion of the voyage. At Borja the expedi-
tion changed from rafts to two large canoes, each
44 feet (13.4 m) long and 3 feet (0.9 m) across.
Safer in the new canoes and with rowers pad-
dling day and night, La Condamine took up the
task of mapping and measuring the river. In late
July the team reached the place where the large
Ucayali River meets the Amazon and observed
the Omaguas, a tribe first encountered by the
missionary Padre Fritz years before. La Con-
damine noted the Omagua practice of placing
the heads of newborn babies between wooden
boards to squeeze them into a rounder shape
and their cultivation of hallucinogenic seeds for
ritual uses. By early August the expedition had
entered Portuguese territory and the mission of
Sao Paulo, where European influences were
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strong and La Condamine saw brick buildings
and women wearing clothing imported from
England. From there they continued down-
stream with more than 1,200 miles (1,931 km)
ahead of them to the Atlantic. Below where the
Rio Negro meets the Amazon, La Condamine
observed the influences of the Atlantic tide on
the river. The tides coming in from the ocean,
still 700 miles (1,126 km) downriver, created
two currents on the river, one at the surface and
another in the opposite direction below. Along
with the movements of the river, La Condamine
recorded the animals he saw living along the
river, including crocodiles, monkeys, vampire
bats, anacondas, parrots, and frogs used by the
river’s inhabitants for their deadly poison.

On September 19, 1743, almost four
months since setting out on the river, La Con-
damine reached the city of Grao Para, now
called Belém, near the mouth of the river. After
several months in Grao Para, La Condamine
continued on to Cayenne, in what is now
French Guyana, by way of the mouth of the
river. He took another canoe with 22 rowers to
explore Marajo Island at the very end of the
river. Beyond the island the canoe crossed the
river at it’s widest point and reached the flat-
lands of Macap4, which he observed was at 3°
north latitude and would have served just as
well for the French Academy’ expedition as the
Peruvian Andes while being far more accessible.
From Cayenne La Condamine was able to get a
ship back to Europe, where he arrived at the
French Academy of Sciences on February 23,
1745, almost 10 years after he had left.

Impact

La Condamine’s voyage did not help settle the
dispute over the shape of Earth. In the end he

was in disagreement with members of the Acad-
emy over the meaning of his data. His precise
calculations and mathematical corrections of the
existing maps and measurements in South
America improved navigation, and his explo-
rations of the river’s tributaries and islands made
important corrections to the imperfect maps of
the day. As a mathematician, his expedition
down the Amazon ushered in a new era of scien-
tific endeavor in the New World and helped to
stimulate the scientific explorations of the nine-
teenth century.

Not least of La Condamine’s observations of
the natural life in the Amazon was his ingenious
application of rubber as a waterproofing treat-
ment for textiles. This would be the first of many
applications of rubber that would provide a
booming economy and great changes through-
out the Amazon basin La Condamine observed.
Some of his observations of the natural and cul-
tural life of the region are still accurate today,
but they are also notable as a record of what has
changed in the last 250 years in what is now a
threatened and contested part of the world. In
1743 he already observed the loss of native lan-
guages and beliefs to Spanish and Portuguese in-
cursions into the indigenous culture. He noted
insufficient efforts to protect the native Amazo-
nians from the same European diseases that pose
a threat to the few tribes that still avoid outside
contact even today.

GEORGE SUAREZ
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Encountering Tahiti: Samuel Wallis
and the Voyage of the Dolphin

Overview

During the seventeenth century scientists made
significant discoveries in the fields of mathemat-
ics, physics, and astronomy—fields necessary for
the improvement of navigation. These advances
led to the development of the chronometer (a
timepiece used to determine longitude), modifi-
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cations in ship design, and increased accuracy in
navigation. The result was a blending of science,
exploration, and economics that culminated in
the Pacific explorations of the eighteenth century.

In 1766 the British Admiralty appointed
Samuel Wallis (1728-1795) to command a voyage
of exploration to the South Pacific, continuing the
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An early photograph of a Tahitian man. (Corbis Corporation. Reproduced with permission.)

search for the elusive terra australis—the great
southern continent and huge, theoretical land-
mass then thought to occupy much of the largely
unexplored Southern Hemisphere. While Wallis
did not find the continent of Australia, he did land
in Tahiti, bringing this lush island’s inhabitants
perhaps their first contact with European society.

Background

By 1766 European explorers had searched for
new lands for nearly 300 years, driven primarily
by the desire for new trade routes or territory
that might provide new wealth. These voyages
revolutionized European understanding of
world geography—discovering North and South
America, charting the coasts of Asia and Africa,
and dispelling myths about boiling temperatures
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near the equator and ferocious sea monsters in
distant parts of the ocean.

England, Spain, Portugal, and France had
all established colonies in the New World, and
voyages across the Atlantic and around the Cape
of Good Hope to Asia and the East Indies had
become relatively uneventful. But the Pacific
Ocean remained largely unknown apart from a
handful of Spanish settlements along the west
coast of South America and ports on the main-
land of Asia that were occasionally visited by
trading ships. Spanish and Dutch explorers in
the sixteenth and seventeenth centuries had
stumbled across a few islands in the South Pacif-
ic and the coasts of Australia and South Island of
New Zealand. But these discoveries were vaguely
documented and woven into the myth and mys-
tery of the times.
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Lack of knowledge, however, did not mean
a dearth of theories about what might exist on
the fringes of the known world. The notion that
a great continent existed at the bottom of the
world dated back to ancient times, when the
Greeks argued that a landmass around the South
Pole must exist to balance the continents in the
Northern Hemisphere. Most Europeans of the
eighteenth century still believed a continent had
to exist somewhere in the yet unexplored re-
gions. Mapmakers and geographers of the time
called it terra australis incognita—the unknown
southern land, or terra australis nondum
cognita—the southern land not yet known.

For more than a century, despite occasional
voyages into the Pacific, England had concentrat-
ed its colonization efforts in North America.
However, in the mid-1760s England decided to
pursue new markets in the unexplored Pacific,
hoping to find the lost southern continent. The
first expedition sailed secretly in March 1764
under the command of John Byron (1723-1786).
The Dolphin completed her clandestine voyage,
and brought back useful information suggesting
that terra australis incognita did indeed exist.
With this information, the British government
decided to send the Dolphin out again under the
command of Captain Samuel Wallis.

Wallis sailed from Plymouth on August 22,
1766, accompanied by the Swallow, commanded
by Philip Carteret (1733-1796). Wallis had orders
to first establish a base in the Falkland Islands to
give England a political advantage in their further
exploration of the Pacific. Then, he was to contin-
ue sailing until he reached 100-120° longitude—
the possible site of terra australis. If land was
found, he was to return to England. If land was
not found, the Dolphin was to continue exploring
in search of islands and return to England by way
of China and the East Indies.

The Dolphin was outfitted with a still for pro-
ducing fresh water, a forge for ship repairs, and
3,000 (1,361 kg) pounds of “soup” (a concen-
trated syrup of oranges and lemons) for prevent-
ing scurvy. The crew of 150 included many sea-
soned and experienced men from the first voyage
of the Dolphin, as well as the usual assortment of
uneducated men from England’s lower classes.
One sailor named George Robinson kept a jour-
nal that is one of the best travel accounts kept by
eighteenth-century explorers. The Swallow, how-
ever, was not as lucky. The ship was already 30
years old, and poorly provisioned, relying on the
the Dolphin for most of her supplies. Accompa-
nying these two ships was a store-vessel that was
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to drop supplies at Port Egmont on the Falkland
Islands before returning to England.

Three months after leaving England, the
group reached the Atlantic entrance to the Strait
of Magellan. During the next four months,
fierce, frigid winds and rough seas slowed their
pace. Both the Dolphin and the Swallow were in
serious trouble many times. After struggling to
stay together, the ships became separated in
heavy fog just as they entered the Pacific. The
Dolphin, a much faster and better built ship,
sailed ahead while an easterly current sucked the
slower Swallow back into the strait. The two
ships did not meet again; the captains pursued
the search for a southern continent indepen-
dently. Wallis, instead of following the well-es-
tablished sea route northward along the coast of
Chile, headed northwestward, traversing a vast,
little-known area of the South Pacific. Carteret,
upset at Wallis for what he thought was a delib-
erate desertion, sailed farther to the south.

Six weeks into the Pacific, the Dolphin had
encountered no signs of land, and the months
aboard the ship with little in the way of fresh
food or exercise began to take its toll on the
crew. Wallis was unusual among ship captains in
his attention to the health and well being of his
men. However, in spite of the crew washing
down the ship everyday with vinegar and airing
the hammocks, the crew “looked very pale and
Meager,” and many were suffering from scurvy.

During the following weeks, islands were
sighted. Many were inhospitable coral atolls or
guarded by hostile natives. On occasion they
were able to land and trade nails and beads for
water and coconuts. The crew’s desperation rose
as their food and water dwindled. One day,
however, they spied a mountain in the distance,
shrouded in clouds. Beyond it, far to the south,
rose what appeared to be a mountain range. The
elated men believed they had reached the fabled
terra australis and sailed on through the night
thinking they had made the most important dis-
covery since Christopher Columbus (c. 1451-
1506) landed in the New World.

The next morning Walliss crew sighted a
massive mountain that looked to be 7,000 feet
(2,133 m) high, stretching for several miles. The
landscape was thickly covered with trees, con-
tained brilliant green flora, and had many
streams entering the ocean. Wallis assumed that
the mountain was just the tip of the southern
peninsula, or perhaps an island off the sought-
after southern continent’s coast. Recognizing the
importance of this find, Wallis named it King
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George’s Island in honor of the British king. The
island’s native name was Tahiti.

As the Dolphin sailed closer, dozens of ca-
noes paddled out from shore. Robinson noted,
“they lookt at our ship with great astonishment
holding a sort of council of war amongst them.”
The Dolphin crew showed their friendly inten-
tions by dangling beads and trinkets over the
side, while the islanders waved plantain branch-
es. Nearly 800 men and 150 canoes lined up
alongside the unfamiliar vessel. Finally, a party
came aboard the ship. The encounter ended
with Wallis firing a canon over the ship and the
delegation jumping overboard.

After a few more skirmishes during the next
few weeks, Wallis was eventually able to establish
friendly relations with the islanders and anchor in
one of the island’s bays. Wallis himself was per-
sonally welcomed by Obera, the Queen of Tahiti,
and from that point on a brisk trade ensued, ex-
changing nails, clothing, and pots and pans for
fresh food and water. Although Wallis soon real-
ized that Tahiti was probably not the southern
continent, the crew spent another five weeks in
Tahiti resting, repairing the ship, and planting a
garden before continuing their voyage. The men,
aided by Robinson’s sensitivity to the local inhabi-
tants, were able to leave a positive impression be-
hind, an unusual occurrence for the times.

Impact

Having found a place of such beauty and abun-
dance, Wallis decided to return to England to re-
port his findings rather than continuing his
search for terra australis. On the return trip the
Dolphin made stops in present-day Tonga and
Indonesia, and also located a group of islands
west of Samoa and north of Fiji now known as
the Wallis Archipelago. The Dolphin completed
her circumnavigation by sailing around the Cape

of Good Hope, arriving back in England on May
20, 1768.

Wallis's news of Tahiti aroused the interest of
the British government, which decided that the
island would be a suitable spot to send scientists
to observe the Transit of Venus, a major astro-
nomical event whose measurements would help
determine the distance from the Earth to the
Sun. Later that year Captain James Cook (1728-
1779) was sent to Tahiti with scientists and natu-
ralists on the first of his three voyages in search
of the elusive southern continent. In 1773 Wallis
published his Account of the Voyage Undertaken for
Making Discoveries in the Southern Hemispherte, de-
tailing his circumnavigation of the world.

The Swallow also eventually made it to Tahi-
ti, nearly four months behind the Dolphin and
after an arduous journey filled with extreme
hardship. The crew was assisted by the French,
who repaired damage to the ship, gave them
food and water, and offered navigational help.
After landing in Tahiti and discovering that Wal-
lis and his crew had already sailed back to Eng-
land, Carteret and the Swallow did the same.

Although the voyages of the Dolphin and the
Swallow failed to prove the existence of terra aus-
tralis, their voyages opened a previously un-
known part of the South Pacific. Thanks to im-
proved navigational capability, the ships safely
traveled thousands of square miles of open sea,
and brought back to European society the news
of previously unknown lands and peoples.

LESLIE HUTCHINSON
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George Vancouver Charts the Pacific Coast
of North America from California to Alaska

Overview

George Vancouver (1757-1798) was an English
sea captain and member of several expeditions to
the South Pacific and the coast of North America
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in the late eighteenth century. He was instrumen-
tal in the gathering and dissemination of knowl-
edge about the Pacific Coast of the continent of
North America. On several visits to the area, he
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explored it, met with natives and the Spanish, and
surveyed and mapped its features from Alaska to
Monterey in California. His work helped to estab-
lish the claim of Great Britain to ownership of
western Canada. He also studied and charted
many Pacific Ocean islands, including Hawaii,
and made allies of natives for England everywhere.
He proved that a practical and usable Northwest
Passage through North America did not exist.

Background

George Vancouver sailed on Captain James
Cook’s (1728-1779) second and third voyages of
discovery to the Pacific Ocean from 1776 to
1780. He served on Royal Navy ships in the
North Sea and the Caribbean Sea, learning the
technical aspects of surveying, mapping, and
charting these areas. By the time he became the
leader of a new expedition in 1790, he had a
great deal of experience and had visited many
lands and seas.

In 1790 Vancouver obtained command of
an expedition to the Pacific Ocean. His flagship
was called Discovery, a newly built namesake of
the ship Captain Cook had sailed to Hawaii a
decade earlier. Vancouver’s expedition was in-
structed to survey the western coast of North
America, meet with Spanish representatives in
Canada in order to formally receive property
Spain had taken from the British, try again to lo-
cate a Northwest Passage, and attempt to com-
plete Cook’s survey of the Hawaiian Islands. Dis-
covery, accompanied by a smaller ship called
Chatham, sailed on April 11, 1791.

They arrived in Hawaii in the fall and spent
the winter there. Then, in March 1792 Discovery
and Chatham sailed north. After 2,000 miles
(3,219 km), they reached Cape Mendocino on
the northwest coast of North America, about
300 miles (483 km) north of San Francisco Bay.
It was a good place to replenish the ship’s fresh
water, wood, and fresh stores. When these tasks
were complete, they began to survey the rugged
coastline moving northward toward Alaska.
Their pattern of work was to move toward the
land each morning, sailing close to shore, slowly
and safely, making charts and drawings of the
coast as they went. At night they would stand off
shore a few miles to avoid contact with the rocks
and reefs that are prevalent on this rugged coast.

About 100 miles (161 km) north of Cape
Mendocino, Vancouver’s ships entered a large
waterway between two expanses of land called
the Straits of Juan de Fuca. They found an an-
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chorage, and Vancouver recorded their position
and a description of the land around them. After
careening and cleaning the hulls of both ships,
replenishing their water, wood and whatever
game they could find, the ships moved west into
the strait and discovered a complex of bays and
rivers that Vancouver named for one of his offi-
cers, Peter Puget. The company spent the next
month surveying Puget Sound, which was diffi-
cult and time consuming because of its complex
arrangements of bays, inlets, rivers, and islands.
When the task was finished, they sailed back to
the Straits of Juan de Fuca and turned north up
another inland waterway east of a landmass, un-
certain of where it would lead. When they
reached its northern end, it was clear that the
land to the west was a large island and not part
of the continent. It was later named Vancouver
Island in Vancouver’s honor. On this voyage,
Vancouver sighted the summit of a tall mountain
and named it Mount Rainier after Peter Rainier,
a fellow navigator. He also reiterated Great
Britain’s claim to the whole area.

In August 1792 Vancouver reached Nootka
Sound on the west coast of Vancouver Island and
met with the Spanish, who still disputed the
ownership of the area with Great Britain. Van-
couver was fully aware that England and Spain
were at odds over who had the right to control
and exploit this land. England had long ago de-
clared that any country wishing to maintain a
valid claim on any land in the world had to es-
tablish a colony there and to physically control
the land before their ownership rights were rec-
ognized by the rest of Europe. Spain had claimed
so much land on this coast that they had never
been able to control, exploit, or even explore all
of it. They did not agree with the informal rules
the British had proclaimed, but were willing to
negotiate, especially since they had lost their
right to this northern part of the land in a strug-
gle with England. Vancouver represented the
British government in the negotiations. While
there, he sent one of his ships to search for a
group of islands that the Spanish called Los
Majos, or Islas de Mesas. They were not where
the Spanish said they were. It was clear that the
Spanish had seen some islands, perhaps the
Hawaiian Islands, but had the location wrong,.

Negotiations with the Spanish came to a
standstill until the arrival of further instructions
from London and Madrid, so Vancouver sailed
for California. On the way, he sent Chatham into
the river, now called the Columbia River, to sur-
vey, as Discovery was too large. Both ships ar-
rived in San Francisco Bay in November 1792.
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They spent ten days in this area, which had been
settled and claimed by the Spanish for 20 years.
They received help, food, and friendship from
Spanish authorities, missionaries, and citizens.
Vancouver also sailed the 100 miles (161 km)
south to Monterey Bay, surveying as he went.
The rest of that winter of 1792-93 was spent in
Hawaiian waters. The following summer, Discov-
ery and Chatham sailed back to the west coast of
America and completed the survey. They took a
trip as far north as Cook Inlet in Alaska, search-
ing for the west end of the fabled Northwest Pas-
sage. Vancouver came to the conclusion that this
fabled passage did not exist.

Impact

Vancouver detailed his voyages in five books and
was halfway through the sixth when he died in
1798. The importance of this work was clear,
and his friends made sure that his Voyage of Dis-
covery to the North Pacific Ocean and Round the
World in the years 1790-1795 was published. It
appeared in 1798 complete with narrative,
charts, maps, and drawings. It had a tremendous
impact on the expansion of British control of
land and sea, though at first it did not receive
much attention because England and other
countries in Europe were involved in a war with
France and its leader Napoleon. After the war
was over in the early nineteenth century, Van-
couver’s work was reprinted in three volumes
and was circulated widely.

The accurate soundings and coastal informa-
tion in Vancouvers book were invaluable. They in-
cluded the location of dangerous rocks and off-
shore islands, sandbars, entrances to bays, and the
location of viable, usable harbors. This ground-
breaking work gave the English a significant claim
to the northwest coast, at least enough to satisfy
the king and his countrymen. With its meticulous
detail, the book enabled many other would-be ex-
plorers to sail to that far away coast to see how it
could be exploited. Possibilities for expansion of
the fur trade were clear for any who could make
the enterprise work. British and American ship
owners and traders turned their attention to it, as
did the Russians, who established a settlement in
Alaska in the 1790s. The Spanish were affected in
that they could now see the extent and complexity
of the land they had claimed for 200 years but had
never been able to explore, much less control. At
the time, the Americans could support little effort
to obtain the area as they were still establishing
their new country. They were in no position to
fight the British or the Spanish for control of the
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western coast of the continent, but they had al-
ways claimed it, and many had their eyes on it.
Little American exploration was undertaken until
the Lewis and Clark expedition reached the area
in 1805. Puget Sound was also shown to have a
tremendous potential for fishing and fur-trading.
While Vancouver was not the first to explore the
Columbia River, another English sailor, Captain
Robert Gray on the ship Columbia, did the initial
exploration of it. Vancouver later sent Chatham up
the river to make a cursory survey of it, and the
ship’s findings were included in his book. This
river, about 100 miles (161 km) south of Puget
Sound is today an important waterway and is the
dividing line between the states of Oregon and
Washington.

In the nineteenth and early twentieth cen-
turies, Vancouver’s work was often overshad-
owed by the dramatic events that surrounded
the voyages of Captain Cook, but modern histo-
rians have given him his proper place in the
company of explorers. Vancouver’s survey of the
Pacific Coast was the most arduous undertaken
to that time, the accuracy of his notations was
remarkable, and his descriptions of the terrain
were realistic and precise. One hundred years
later, his charts were still the best and most
trusted by those who sailed the west coast of
North America, Canada and Alaska.

George Vancouvers contributions to the
world cover several fields: exploration, political
history, diplomacy, and geography. He explored
some of the most inaccessible places in the Pacif-
ic Ocean. He settled problems with Spain and
came close to obtaining control of the Hawaiian
Islands for England. He made the shape of the
west coast of the North American continent
known, and his surveys were the only accurate
information on the region for many years. Fifty
years later, they were used in a dispute between
the United States and Great Britain over claims
to Oregon, Washington, and Western Canada.

LYNDALL LANDAUER
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Pedro Vial Charts the Santa Fe Trail and Opens
the Southwest to Exploration and Trade

Overview

By the mid-eighteenth century the Spanish in-
habited most of the settlements in the American
Southwest and had begun exploring routes east
of them, looking for new trade opportunities
and invading enemies. The French had already
sent many representatives across the barren, In-
dian-protected West in search of gold, silver, and
trade. At the same time, Americans who had set-
tled the New England colonies were moving
westward, looking for land, trading opportuni-
ties, and natural resources. No one, however,
had established a mapped, straightforward trail
from west to east. Aware of the encroaching
Americans, the persistent French, and the need
to access other cities more easily, Spain blazed
the first established trade route. In 1786 the
Spanish governor of New Mexico hired Pedro
Vial (17462-1814), a Frenchman known for his
rapport with Indians and a resourceful explorer’s
spirit, to blaze routes to St Louis, New Orleans,
and San Antonio from New Mexico. Immediate-
ly following Vial’s successful journeys to each of
these cities, by 1803 the Santa Fe Trail was thick
with traders and eventually American settlers,
heading to Santa Fe and beyond.

Background

By the sixteenth century the Spanish, in search
of gold, riches, and new colonies, had ventured
north from early settlements in Florida. They
traveled through Missouri and westward and
eventually penetrated New Mexico, Arizona, and
California. By 1609 the Spanish had settled into
Santa Fe, New Mexico, a remote outpost at the
edge of the Sangre de Cristo mountains. The
only main commercial route to Santa Fe was the
Chihuahuan Trail, which connected to Chi-
huahua, Mexico, nearly 600 miles (965.6 km)
south. Resources were scarce in Santa Fe, so the
Spanish traded frequently with nearby American
Indian tribes, such as the Pueblo, the Co-
manche, the Navajo, and the Apache. The tribes,
however, attacked and raided the Spanish settle-
ment. It was a hostile relationship, but the Span-
ish needed the Indians for their goods and their
knowledge of the frontier.

With settlements in Louisiana, Illinois, and
Missouri, the French had already explored the
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main trade routes of the Midwest: the Missouri,
Ohio, and Red Rivers. Looking for rumored
gold, silver, and turquoise mines and a route to
the “western” (Pacific) sea and Asia, French fron-
tiersman eventually traveled overland, and some
made it as far as New Mexico. The Spanish,
however, were not welcoming to these French
travelers and frequently imprisoned them (ship-
ping them as far as Mexico City) or simply killed
them. French who sailed to the shores of Texas
were fought back when attempting to move
west. The Spanish refused to accept any foreign
goods—except Indian goods—and punished
any person with this “contraband” in their pos-
session. Finally, in 1739 Paul and Pierre Mallet,
two Frenchmen from Canada, traveled down the
Missouri and across Nebraska, Kansas, and
southwestern Colorado, and were received at
Santa Fe safely. News of the unusual kindness of
the Spanish toward the Mallets reached the
French city of New Orleans, so more expedi-
tions were launched toward Santa Fe.

The Spanish, however, were growing ner-
vous. Frenchmen were venturing across Texas and
New Mexico in search of horses, and the Spanish
feared an invasion. All this stopped, however, after
the French and Indian War (also called the Seven
Years’ War) in 1763. The Spanish assumed control
of Louisiana by 1769 which provided an great in-
centive to set up a trade route to the prosperous
east. It was much closer than Mexico, and the
French threat seemed all but gone.

American settlement in the east, by 1776,
was swelling. The Spanish were aware of “Ken-
tuckians,” as they called the early Americans,
moving west. They saw Louisiana as a barrier to
the spreading pioneers, and knew that establish-
ing a trade route from Santa Fe was extremely
important to do before the Americans could. Up
to this point in history, several men—including
some French, a few Spanish and several Indians
over thousands of years—had traversed the
plains from east and north to Santa Fe, but an
established, mapped route did not exist. In
1786, the governor of New Mexico sent Pierre
(Pedro) Vial on an expedition to blaze a trail
from Santa Fe to San Antonio, in the hopes of
connecting the isolated Santa Fe to the east.

Pedro Vial, born Pierre Vial and originally
from Lyons, France, was an expert gunsmith

VOLUME 4



Exploration
& Discovery

1700-1799

Travelers on the Santa Fe Trail, mid-1840s. (Corbis Corporation. Reproduced with permission.)

who had traveled throughout the plains fron-
tier and Texas and became familiar with the
ways and language of many of the Indian tribes
along the route. For any European traveling
through the wild country, attacks from Indians
were the most dangerous challenge; these at-
tacks had prevented any established trade route
up to the time of Vial’s departure. So in 1786
Juan Bautista de Anza, the governor of New
Mexico, sent Vial out with one man and provi-
sions to map a course from Santa Fe to San An-
tonio, Texas.

Vial, who is guessed to have been 40 years
old, set out to travel through friendly Indian
hamlets that he knew of, stopping along water-
ways and springs en route. He became very ill
early in the journey, fell from his horse, and trav-
eled 150 miles (241.4 km) out of the way to a
Comanche Indian camp. For two months the
Comanche cared for him and brought him back
to health. He continued on, negotiating with
other tribes along the way—Apache, Tawakoni,
more Comanche—and getting advice on the
route to San Antonio.

During this series of encounters, Vial was
skillfully assuring the tribes that any Spanish
traders they might encounter in the future
would be friendly. This was an important
achievement on Vial’s journey, since the Spanish
relationship with tribes in New Mexico histori-
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cally had been violent. The guarantee of a safe
passage through the eastern Indian country was
as vital as mapping the terrain. Vial was so suc-
cessful in this public relations effort that many
Indians accompanied him along his journey. He
reached San Antonio, turned around, and fol-
lowed the exact same route back to Santa Fe, ar-
riving May 26, 1787, with a crowd of Co-
manche at his side. Overall, the journey took
nearly seven and a half months and covered
some 1,157 miles (1,862 km).

Immediately upon Vial’s return, the gover-
nor sent out another explorer, José Mares, to
retrace most of Vial’s steps (and take advantage
of the Indian relationships Vial had estab-
lished) but in a more efficient manner. The
Spaniards wanted to know the fastest route
possible, and Mares completed the round trip
in 845 miles (1,360 km), nearly 125 miles (201
km) less than Vial.

Satisfied by Mares’s efficient route, and still
feeling the pressures of the Americans’ feverish
trading along the Mississippi and Missouri
rivers, the Spanish felt they needed to press far-
ther east. The governor of New Mexico, Fernan-
do Concha, sent Vial back out, this time toward
Natchitoches, a Louisiana outpost just north of
New Orleans. Vial left on June 24, 1788, with
several companions, including cavalrymen and
local New Mexicans. He once again followed
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routes that had water, sat with Indian tribes, and
smoked with them, offering them gifts. They
skirted along the Red River, staying in Co-
manche, Wichita, and Taovaya villages and sev-
eral well-established Tawakoni villages that be-
came popular stopovers for future travelers.

Vial encountered herds of wild mustangs,
deer, and wild boar, and he traversed canyons,
rivers, and rocky passes. They reached Natchi-
toches in 663 miles (1,067 km) after 26 days,
turned south through San Antonio, and arrived
back in Santa Fe on June 24, 1789. Although
many of the expedition party were ill, probably
from malaria, they cut their return trip to 632
miles (1,017 km) and 23 days. Vial’s compan-
ions included two literate diarists, who kept
more detailed records of the tribes and terrain
they encountered than Vial had kept on his
first expedition to San Antonio. They also listed
the supplies that were traded with the Indians
en route. Some of these items included tobac-
co, petticoat cloth, beads, chairs, spurs, soap,
and hair ribbons. And while the road from
Santa Fe to the east was now open, the Spanish
didn’t immediately start trading. They were
more concerned with the increasing explo-
ration by the Americans.

The major towns east of Santa Fe included
St. Louis, New Orleans, and San Antonio, all of
which were connected in some way to immense
river systems. Of these towns and their rivers,
none was more important than St. Louis, where
the Missouri River connected the French in Illi-
nois with the Americans all along the land east
of the Mississippi. Once again, Governor Con-
cha rallied Vial for another explorative journey.
He departed on May 21, 1792, out of the small
village of Pecos, just outside of Santa Fe for St.
Louis, with two men and four horses.

They followed along the Colorado River
until they reached southern Colorado and the
Arkansas River, and then turning north they fol-
lowed the Canadian River. They were almost
killed by a band of Kansas Indians until some of
the tribe recognized Vial from his previous wan-
derings and spared his life. Stripped naked, they
were held captive for several days. They set out
across Kansas and Missouri until they reached
the Missouri River and sailed into St. Louis on
October 3, 1792. After presenting the governor
with a letter from Concha, announcing the pur-
pose of Vial’s trip, he stayed until June 14, 1793.
The trip took 82 days and covered 1,100 miles
(1,770 km).
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When Vial began his return, so many
months later, he had resupplied with hats, hand-
kerchiefs, razors, shirts, trousers, mosquito nets,
gunflints, soap, mirrors, and bullets. They sailed
upriver on a pirogue with four rowers, until they
met a Pawnee village, where they stayed and
traded for a couple weeks, establishing a solid re-
lationship with the tribe. Vial returned to Santa
Fe on November 16, 1793, completing what
would be his last groundbreaking expedition.

Impact

Vials expeditions signaled both an end and a be-
ginning: the gradual end of Spanish authority in
the United States and the beginning of American
conquest of the area west of the Mississippi. In
1797, with the Spanish growing more wary of
American and French explorers taking advan-
tage of their new trade routes, Vial left for a Co-
manche village, where he lived until 1803. That
same year, the Americans signed the Louisiana
Purchase, which doubled the size of the existing
United States territory and gave the Americans
control of Louisiana and direct access to the
Santa Fe Trail. Trappers and traders soon fre-
quented the trail, heading to the West and Santa
Fe, which had earned a reputation as a paradise
of jewels and gold, where all nationalities mixed
in a kind climate. Of course, the route was not
without hazards, as not everyone had a friendly
relationship with the tribes along the route.

In 1821, the year of Mexican indepen-
dence from Spain, the restricted trade barriers
set up by Spain disappeared, Spanish rule re-
treated, and Santa Fe became a western trading
destination for the entire country. By 1822
William Buckle led the first wagon train from
St. Louis along Vial’s Santa Fe Trail, and kicked
off a massive migration of American pioneers.
These early traders carried goods on mules,
covering about 12 miles (19.3 km) a day, mak-
ing the typical trip in six to eight weeks.
Kansas City was en route, and it soon flour-
ished with the trail traffic. By 1860 more than
9,000 men and women, 28,000 oxen, and
3,000 wagons had traversed the trail. By 1866
this number had doubled. By the end of the
nineteenth century, the railroad laid its tracks
across the prairie and the trail opened up to
everyone, not just hardy adventurers.

LOLLY MERRELL
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Vitus Bering’s Explorations
of the Far Northern Pacific

Overview

On voyages in 1728 and again from 1733 until
1741, Vitus Bering (1681-1741) explored the
northernmost reaches of the Pacific Ocean. On
these voyages he discovered (rediscovered, actu-
ally) the Bering Strait, which separates Asia from
North America. He also mapped large portions
of Russia’s north and east coasts as well as north-
westernmost North America. Because of his
work, Russia was able to lay claim to Alaska, a
long stretch of the North American Pacific coast,
and the fur trade encompassed by this area.

Background

European exploration of North America started
on its east coast, primarily because the nations
conducting this exploration were on the Atlantic
Ocean and this was the easiest path for them to
follow. Because of this, the western coast of
North America was explored primarily by the
Spanish (who had crossed Central America to
the Pacific Ocean), but they did not generally
explore north of San Francisco Bay. Voyages to
the north were blocked by ice and poor weather,
severely limiting exploration in this direction. As
the eighteenth century opened, the coast of
America’s Northwest was completely unmapped
and unexplored by Europeans.

Europeans were, however, interested in ex-
ploring this area. The major seafaring nations
wanted an east-to-west sea passage across North
America, which they hoped would enable them
to find a shorter route to the Far East. Russia,
however, was another story. While Britain,
France, and Holland tried to push across the top
of North America in search of the Northwest
Passage, Russia wanted to open a Northeast Pas-
sage that would link the Russian West to its
ports and potential trading partners in the East.
So Russian explorers pushed towards the Pacific
from the other direction.

In 1648, a Cossack sailor named Semyon
Deshnyov sailed with seven ships through the
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Bering Strait from north to south, becoming
the first European to do so. However, accounts
of his voyage were lost for several decades,
long enough for Bering to receive credit for
this discovery.

More than seventy years later Peter the
Great became intensely interested in finding a
sea passage between Russia and North America.
In 1725 he sent Vitus Bering, a Dane serving in
the Russian Navy, on a voyage of discovery. Set-
ting off from the Kamchatka Peninsula, Bering
sailed north along Russia’s east coast, mapping
the shoreline as he sailed, and passing success-
fully into the Arctic Ocean. Although this
proved conclusively that such a passage existed,
it was exceedingly foggy and he never actually
sighted North America. Because of this, there
were those who still questioned his discovery.
Not until 1732, when others in the Russian
Navy made the same transit in good weather and
sighted land to both east and west, was Bering’s
discovery finally accepted.

The next year, Catherine the Great gave
Bering command of a more ambitious expedi-
tion, the Great Northern Expedition of 1733-
1743. This expedition, one of the largest ever
mounted, employed over 1,000 people in ex-
ploring and mapping northeast Russia, the
American Northwest, parts of the Russian Arctic
coast, and the northern Pacific coasts of Russia
and North America. The expedition was both
phenomenally expensive and successful, return-
ing staggering amounts of scientific information,
maps, and other useful knowledge.

In 1741, towards the end of the Great
Northern Expedition, Bering and his crew be-
came stranded for the winter on what is now
called Bering Island, not far from the coast of
Kamchatka. There, Bering and most of his crew
died of scurvy, other diseases, and injury during
the long Arctic winter. The expedition contin-
ued for another two years, returning with maps
of the Russian Arctic and Pacific coasts, the
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Traveling overland from St. Petersburg, Bering and his men
I arrive at the settlement of Okhotsk in mid-1727. They construct
aboat, the Fortune and set out for the Kamchatka Peninsula.

Wrangel

Bering sights the Diomede Islands and St. Lawrence Island, but due to
heavy fog does not sight North America. Convinced that Asia and North
America are not connected, he returns to what is now Petropavlovsk.
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Aleutian Islands, and much of the American Pa-
cific coast.

Impact

The first and most fundamental result of Bering’s
journeys was Russia’s formal claim to what is
now Alaska and much of the Pacific Northwest.
Because her ships reached these areas before any
rival European powers, Russia was able to claim
the land and all its wealth, establishing small
colonies and stations on many islands and the
Alaskan mainland. Here the Russians traded and
trapped for valuable furs and skins, fished the
waters, and hunted seals and whales.

Russia governed its North American territo-
ries for over a century. In 1867, however, U.S. Sec-
retary of State William H. Seward bought them
from cash-poor Russia for what is now recognized
as a ridiculously low price: $7 million. At the time,
the sale was publicly ridiculed and the territory
was referred to as Seward’s Folly or Seward’s Ice-
box. It would be another three decades before this
opinion changed, when gold was discovered.

Russia had settled colonies in Alaska to col-
lect furs and fish, just as the British and French
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had done in North America. This trade was lu-
crative and, in some years, perhaps a thousand
ships would dock at various colonies to ex-
change supplies for trade goods. However, even
in the late nineteenth century, nobody thought it
possible that the frozen expanse held anything
other than game or lumber.

Then the discovery of gold in Alaska
sparked a gold rush, bringing thousands of peo-
ple into the territory in just a few years. Over the
next decades, other minerals were found as well,
culminating in the discovery of huge petroleum
reserves on the Alaskan north coast. Gold and
oil made Seward’s Folly a vital part of the Ameri-
can economy, while its location near Russia gave
it exceptional strategic value.

Little of this came without conflict, howev-
er. At first, the conflict was a curious one: Russia
wanted to sell Alaska badly, but the U.S. had no
desire to purchase it. At this time, the conflict
was between opposing sides in the U.S. Con-
gress. When it was finally purchased, Congress
then refused to appropriate money to pay the
final bill for months. Then, feeling it a worthless
land of polar bears and glaciers, Congress re-
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fused to maintain the new territory, letting it lan-
guish instead.

The first international dispute came in
1881, when the U.S., Canada, and Britain began
wrangling over fishing and sealing rights in the
Bering Sea. Claiming the entire sea as territorial
waters, the U.S. tried to exclude other nations
from hunting and fishing in them. An interna-
tional arbitration body decided decided against
the U.S. in 1893, ruling that the Bering Sea was
open to all nations. In 1911 the U.S., Canada,
and Japan signed a further agreement on seal
hunting in the Bering Sea. Japan withdrew in
1941, leaving the U.S. and Canada with an in-
terim agreement that was revised in 1956 to in-
clude the Soviet Union.

During World War 11, the waters first ex-
plored by Vitus Bering proved to be of military
importance. Trying to draw American attention
away from Pearl Harbor, the Japanese Navy
staged diversionary raids near the Aleutian Is-
lands. These attacks continued throughout the
watr, and included a Japanese invasion of some is-
lands. During the Cold War, the Aleutians and the
Bering Sea were important for both American and
Soviet navies. Nuclear submarines on both scien-
tific research and military missions routinely
passed through the Bering Straits to patrol be-
neath the Arctic icepack. In fact, at least one class
of Soviet ballistic missile submarines was de-
signed specifically to operate under the ice,
breaking through if necessary to launch their mis-
siles against NATO. These were pursued by U.S.
attack submarines, although such pursuits were
difficult in the noisy waters beneath the drift ice.

In the mid-1990s Russian nationalists began
clamoring for the return of Alaska to Russia. In a
state of shock after the collapse of the Soviet
Union, Russia was increasingly seen as a poor
and almost pathetic former power. This led to a
nationalistic backlash as opportunistic politi-
cians attempted to ignite nationalist passions in
the hearts of Russians. Among the wild claims
made was that Alaska was most properly a part
of Russia because Russians had discovered and
settled it first. Noting the low price of purchase,
these politicians claimed that Alaska had been
stolen from the Russian people and should be
returned. Whether driven by political ambition,
sincere nationalistic feeling, economic calcula-
tion, or a combination of the three, these claims
obviously went nowhere.

Berings initial voyages of discovery resulted
in riches that he could not even have guessed
when he first set forth to explore the Russian Far
East. Although he did not realize it, his maps
and discoveries in the Bering Sea, and along the
Russian and American Pacific coasts, would lead
to economic gain, military confrontation, politi-
cal dispute, and more.

P. ANDREW KARAM
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Alexander Mackenzie Becomes the First
European to Cross the Continent of North
America at Its Widest Part

Overview

As an agent of the Northwest Company trading
furs in western Canada, Sir Alexander Mackenzie
(1755?-1820) became the first European to cross
the continent of North America at its widest part,
north of the Spanish territories in Mexico. He
achieved this feat in two landmark expeditions:
exploring the Mackenzie River to the Arctic Ocean
at Beaufort Sea (1789) in Western Canada and
traveling overland from Lake Athabasca to the Pa-
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cific Ocean over the Canadian Rockies (1793).
While working towards expanding the reach of
the Northwest Company, Mackenzie made new
contact with tribes that had never before seen Eu-
ropeans and created new trading routes for furs
and other goods in western Canada.

Background

By the late eighteenth century, two royally char-
tered companies dominated the fur trade in
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Canada: the Hudson’s Bay Company, doing busi-
ness from outposts along the shores of the bay,
and the Northwest Company, which had estab-
lished trading posts in the country’s interior,
where furs trapped by the Native American
tribes were exchanged for manufactured Euro-
pean goods and rum. Complex trading relation-
ships between the tribes of North America al-
ready existed, and independent traders and trap-
pers had for years been infiltrating the
cross-continental trade. The royally chartered
companies sought to expand that trade by creat-
ing trading posts where the tribes could bring
furs for exchange and that would serve as ex-
change centers in the company’ trade network.

Alexander Mackenzie began working in the
offices of the Northwest Company at the age of
16 in the last days of the American war for inde-
pendence. In the Montreal and Detroit offices of
the company, he learned the fur trade and even-
tually formed a venture that sent him out into
the interior of the country to make contact with
the Native American tribes that sold furs to the
company.

Mackenzie established trading relationships
with the tribes that lived in the Canadian interi-
or and founded trading posts along the rivers
that led to Hudson’s Bay. These posts were able
to intercept the river trade that otherwise would
have gone to the shores of Hudson’s Bay to be
traded by the Hudson’s Bay Company, the
Northwest Company’ chief competitor.

After gaining control over a large portion of
Canada for trade, Mackenzie established a trad-
ing post on the shore of Lake Athabasca that
would become the base for his later expeditions
to the Arctic and Pacific Oceans. In the years be-
fore the first trip north, Mackenzie gathered es-
sential information about the geography of
northern Canada from the tribes that came to
trade at the newly established Fort Chipewyan.

On June 3, 1789, Mackenzie departed from
Fort Chipewyan in canoes, traveling across Lake
Athabasca and up the Slave River to Great Slave
Lake, where he had been told he would find a
large river that would take him to the Pacific
Ocean. The expedition consisted of two canoes,
a group of trappers already familiar with the
southern portion of their route, and a member
of the Chipewyan tribe named Nestabeck whom
Mackenzie called English Chief. (Almost 20
years earlier Nestabeck had accompanied the
Chipewyan leader Matonabbee when he guided
Samuel Hearne [1745-1792] on the overland
trip from Hudsons Bay to the Arctic Ocean
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along the Coppermine River.) In early June ice
still blocked some waterways in northern Cana-
da, and the expedition had difficulty finding the
northbound outlet from Great Slave Lake. The
expedition spent the final week of June looking
through the lake’s icy marshes for the source of
the river known by the Cree as “swiftly flowing
waters” and now known by Canadians as the
Mackenzie River.

The river proved to be wide and navigable
as the Native Americans had described. Travel-
ing along the large river’s current, the expedition
was able to cover about 75 miles (121 km) each
day. By the middle of July the expedition noticed
that the river had taken a turn towards the
northwest and that the Rocky Mountains still lay
between them and the Pacific Ocean. As they
continued north Mackenzie continued trading
with Native American settlements he encoun-
tered, exchanging their furs for ironware, rum,
and tobacco and hoping through these trades to
learn more of the local geography. Mackenzie’s
trading gifts with newly encountered tribes con-
trasted with his management of his own expedi-
tion members, who by July 8th were threatening
to abandon the demanding and relentless
Mackenzie. Mackenzie was able to get his men
to continue, and they canoed past abandoned
Inuit settlements and whale carcasses along the
river until they reached an island from which
they could see nothing but ice-covered water for
6 miles (9.65 km). They reached the rivers delta
on the Arctic Ocean on the July 14, 1789. Navi-
gational instruments clearly showed that they
had not reached the Pacific. When a rising tide
of saltwater swamped baggage they had left out
of the canoes, the disappointed crew returned
upriver, arriving back at Ft. Chipewyan on Sep-
tember 12, 1789.

On his next expedition during 1792-93,
Mackenzie again tried to reach the Pacific
Ocean. Taking a plan outlined by officials at the
Northwest Company five years earlier, Macken-
zie set out to make contact with the Russian,
Spanish, and newly independent American
traders conducting business on the Pacific coast
of what is now British Columbia. Mackenzie was
rumored to have wanted to proceed from the Pa-
cific along the established Russian trading routes
to Siberia. The trip would have been the realiza-
tion of a 300-year-old goal of establishing a trad-
ing route to transport North American goods
over the continent to the markets in Asia. Russ-
ian traders already had a firm presence that
would extend as far south as California and were
taking North American furs across the pacific to
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A rock marked by Alexander Mackenzie near the Pacific Coast in Bella Coola, British Columbia. (Corbis Corporation.

Reproduced with permission.)

the trading port of Kiatka. There the furs were
sold to the caravans that carried them to Peking
and from there throughout China. Rather than
evict the Russian traders from the Pacific coast as
the Spanish had tried to do, Mackenzie hoped
that through the Russians he could link their
trading network to Asia and create a series of
outposts from London to Montreal through Fort
Chipewyan to Kiatka and Peking.

On October 10, 1792, the expedition began
canoeing west up the Peace River towards the
Continental Divide. Stopping at existing trading
posts along the way, they continued to trade rum
and tobacco for furs and information. The trad-
ing presence of the Canadians to the east and the
Russians on the coast to the west had strength-
ened contacts between tribes between the two
economic powers. Before crossing the Continen-
tal Divide and beginning the descent to the
ocean, the expedition was met by members of a
western tribe that offered guidance in reaching
the Pacific in hopes of establishing a trading re-
lationship with the Northwest Company. Unlike
the voyage to the Arctic Ocean, however, the ex-
plorers did not have the advantage of a large
river to carry them all the way downstream.
After spending the winter in the newly estab-
lished Fort Fork, the expedition paddled up-
stream along the Peace and Parsnip Rivers at just
the time of year when they were overflowing
with melting snow from the mountains. After
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crossing the Continental Divide the expedition
wrongly thought they had reached the headwa-
ters of the Columbia River. To avoid going as far
south as the mouth of the Columbia River at the
present boundary between Washington state and
Oregon, the expedition decided instead to travel
the final 150 miles (241 km) to the Pacific over-
land. The expedition arrived at the coast on July
20, 1793.

Impact

Once at the coast the expedition found no Russ-
ian or Spanish traders, but instead Native Amer-
icans who were hostile to the Europeans.
Mackenzie established a defensive position on a
small island off the coast where he continued
trading with nonhostile natives who approached
them. In the end Mackenzies voyage to the Pa-
cific did not establish a strong trading relation-
ship with Russia or even a thoroughfare across
the Rockies to transport good and settlers.

Mackenzie’s explorations, however, did help
to develop a trade network for the Northwest
Company. His goals were financial rather than
scientific as he sought to expand the Northwest
Company’s trading territory. The Company
would continue to be a strong financial presence
in northwestern Canada well into the twentieth
century. That presence was due, in large part, to
Mackenzie’s efforts in expanding the company’s
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presence in the Canadian interior, where it
would become a force for economic develop-
ment even after the decline of the fur trade.

GEORGE SUAREZ
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The Explorations of
Pierre Gaultier de Varennes et de La Vérendrye

Overview

The period prior to the exploration of the Cana-
dian West by Pierre Gaultier de Varennes et de
La Vérendrye and his sons was full of turmoil
between England and France. Often at war with
one another, the competition to settle North
America under their own flags became intense.
England had many fur trading posts in Canada,
and the French were eager for the profits of the
fur trade as well. The French resolved to find a
route from New France in eastern Canada to the
fabled “Western Sea,” thought to be an outlet to
the Pacific Ocean, and to make their own mark
by establishing a string of forts in the western
Canadian wilderness. La Vérendrye’s expedi-
tions, though never reaching the Western Sea,
were largely responsible for opening the central
interior of Canada to French control.

Background

Pierre de La Vérendrye was born in 1685 in
Trois Rivieres, on the banks of the St. Lawrence
River. Entering the French army in 1697, La
Vérendrye began his military career at the age of
12, and served in Canada and France. After a
period of peace between the English and French,
La Vérendrye returned to Canada to take up the
fur trade, and accepted command of the Lake
Nipigon trading center in 1726. While at the
fort he met a tribesman, Ochagach, from the
Kaministikwia River. From him, La Vérendrye
heard of a great lake and a river that flowed from
it through a “treeless country where roam great
herds of cattle,” leading to a “great salt sea.” His
interest sharpened, La Vérendrye decided to ex-
plore this country and to find a route to the
Western Sea for France.
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After receiving reports from La Vérendrye,
Governor Marquis de Beauharnois of New
France interviewed him in 1730. La Vérendrye
was appointed commissioner of a project to find
the Western Sea, and received financial support
from local merchants who wanted a share in the
fur trade. On June 8, 1731, the expedition team
of La Vérendrye, his cousin Christophe Dufrost,
sieur de La Jemeraye, La Vérendrye’s sons, Jean-
Baptiste, Pierre, and Francois, and a crew of 50
men embarked for the west by canoe. Vast
amounts of supplies, such as tobacco, kettles,
axes, saws, powder, and muskets were needed to
trade with the tribes of the west. The route was
not an easy one, with rugged, difficult terrain.

The expedition canoed 210 miles (336 km)
west on the Ottawa River, onto the Mattawa
River and then the French River, averaging 20
miles (32 km) a day. Portages (land crossings)
were many and very difficult because of the
heavy load, as well as the constant annoyance of
biting flies and mosquitoes. Passing by the is-
lands of northern Lake Huron they arrived at
Fort Michilimackinac between Lake Huron and
Lake Michigan, and enjoyed a brief rest before
moving on. After a month of storms and bad
weather they reached the Grand Portage on Au-
gust 26, 1731, 40 miles (64.4 km) southwest of
Fort Kaministikwia, the present site of Thunder
Bay, Ontario. A difficult series of portages stood
between Lake Superior and Rainy Lake, where
La Vérendrye wanted to establish his first fort.
The men broke into open mutiny as some feared
“evil spirits” and others did not want to continue
so late in the season. La Vérendrye decided to
winter at Kamistikwia with some of the men,
while La Jemeraye pressed on to Rainy Lake
with Jean-Baptiste and the remaining crew.
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Impact

After canoeing 200 miles (320 km), Jean arrived
at Rainy Lake. Fort St. Pierre, named after La
Vérendrye, was built where the Rainy River
leaves Rainy Lake towards the Lake of the
Woods. La Vérendrye, with the rest of the crew
and his two sons, resumed travel west on June 8,
1732, exactly one year after the expedition
began, and arrived at the new fort one month
later. A profitable fur trade had developed and
the loyalties of the Cree, traditional enemies of
the Sioux, were won with gifts of guns and shot.
Going west, with an escort of 50 Cree and Mon-
soni canoes, the expedition reached The Lake of
the Woods and followed along the present Cana-
dian-American border. A peninsula that ran out
into the lake was chosen for the sight of their
second fort, named Fort St. Charles after Gover-
nor Beauharnois. The fort, located in present-
day Minnesota, was a good location for trade,
and La Vérendrye decided to winter at the fort
to help establish the fur trade.

Early in April 1733 La Vérendrye sent a small
party with La Jemeraye and Jean-Baptiste to ex-
plore the Maurepas (Winnipeg) River. La Jemeraye
returned to the fort, where he later died, and Jean
went on and established Fort Maurepas at the
point where the Winnipeg River enters Lake Win-
nipeg. La Vérendrye remained at Fort St. Charles,
where he continued trade with the Cree and
Assiniboines. The two tribes asked La Vérendrye
to allow his son, Jean-Baptiste, to join them in war
against the Sioux. La Vérendrye agreed, failing to
distance himself from the tribal conflicts of the
Cree, Monsoni, Assiniboines and the Sioux.

After spending the winter of 1734-35 in
Montreal, La Vérendrye returned to Fort St.
Charles on Sept 6, 1735, and sent Pierre and
Francois to Fort Maurepas on February 7, 1736,
for supplies. Jean-Baptiste was sent to retrieve sup-
plies from Fort Michilimackinac on June 5, 1736.
Due to Sioux attacks in the area, La Vérendrye
sent a party to retrace Jean’s route to the fort. On
June 22, 1736, La Vérendrye met with news of his
son’s death, plus 20 others with him. The Sioux
had attacked, and the men were found carefully
laid in a circle with their decapitated heads beside
them, wrapped in beaver skins.

During the difficult winter of 1736-37 at
Fort St. Charles, La Vérendrye learned about a
tribe further in the west called the Mandans.
They were reported to be white and described as
living in forts and tilling the ground. La
Vérendrye inquired about the great river the
Mandan lived on (Missouri River) and wondered
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if it was the river of the west they were seeking.
He was told it ran south and discharged into the
Pacific, where there were towns of white men.
By this time La Vérendrye knew that the river of
the west described by Ochagach was only the
Winnipeg River, and the great sea was probably
Lake Winnipeg. La Vérendrye decided to make a
voyage to the home of the Mandans. Going back
to Montreal before he left for the west, La
Vérendrye reached the forks of the Red and
Assiniboine Rivers on September 24, 1738,
where the city of Winnipeg, Manitoba, now
stands. Despite low waters the crew continued
up the Assiniboine a few days later, while La
Vérendrye walked across the plains. With river
levels getting even lower, La Vérendrye stopped
on October 3, 1738, and erected Fort la Reine,
now Portage la Prairie, Manitoba.

On October 18, 1738, La Vérendrye, with
Assiniboine guides, left for the Mandans. They
traveled towards the Pembina River, around the
Turtle Mountains, and passed Bismarck, North
Dakota. They met a Mandan chief on November
25, 1738, whose party took La Vérendrye to the
first fort of the Mandan’s on November 30,
1738, near a small river about 15 miles (24 km)
northeast of the Missouri River. Further down
river there were five more villages. The Mandans
impressed La Vérendrye, as they lived in large
comfortable homes arranged in neat little streets
inside a well-built fort. However, La Vérendrye
was disappointed that they were not white as
had been reported. La Vérendrye remained on
the treeless plain for much of the winter, and
learned of other tribes even further to the west
of the Mandans. Returning to Fort Reine on Feb-
ruary 10, 1739, La Vérendrye was very ill and
needed time to recuperate.

While at Fort Reine, La Vérendrye sent his
youngest son, Louis Joseph, who joined the
journey after the death of his eldest brother, to
investigate the shores of the major prairie lakes
and to select sites for forts. Louis traveled along
Lake Manitoba to Lake Dauphin and marked out
the site for Fort Dauphin. Going northwest to
the mouth of the Saskatchewan River, he staked
out a second site close to present-day Grand
Rapids, and then proceeded northwest once
again. Where the Carrot and Pasquia Rivers join
the parent Saskatchewan River, Louis marked a
spot for Fort Paskoyac, today known as The Pas,
Manitoba, and then returned to Fort Reine for
the winter of 1739-40.

The trip to the prairies was not profitable
since there were not many furs to be traded, and
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the expedition proceeded under a cloud of debt.
After going to Montreal to clear up some legal is-
sues involving his debtors, La Vérendrye re-
turned to Fort Reine on October 13, 1741. Dur-
ing this time, his son, Pierre, returned to the
Mandan and Horse tribes in the west and was
able to determine that the Missouri River was not
the river of the west, as it flowed south and into
the Gulf of Mexico, not the Western Sea. Pierre
returned to Fort Reine with horses he received
from the western tribes and was responsible for
bringing the first horses to the Canadian Prairies.

Wintering at Fort Reine in 1741-42, La
Vérendrye sent Louis and Francois for a third
expedition to the Mandans, while he sent Pierre
to establish Fort Dauphin. La Vérendrye'’s two
sons returned to the Mandans on May 19, 1742,
and explored the Cheyenne and Missouri Rivers
and their tributaries. Escorted by the Bow Indi-
ans, whom they met during their explorations,
the expedition reached the Rocky Mountains on
January 12, 1743, but news of a rival tribe in the
area forced the party to return to the Bow vil-
lages on February 9, 1743. A leaden plate, with
an inscription, was buried by La Vérendrye’s
sons at Pierre, North Dakota, on their way back
to Fort Reine, which was later unearthed by high
school students in 1913. The expedition re-
turned to Fort Reine on July 2, 1743.

Although the French government was un-
happy with La Vérendrye’s efforts to find the

Western Sea, he and his expedition accom-
plished much. They had, between 1731 and
1747, covered almost 1,000 miles (1,600 km)
and established a string of important trading
posts. The forts he established set the founda-
tion for the settling of the rugged Canadian
West. The city of Winnipeg (Fort Rouge) is a
thriving community that still serves as the gate-
way to the west, and is the capital city of Mani-
toba. Today, the Turtle Mountain Provincial
Park, located on the Canadian-American border,
acts as a reminder of the explorations of La
Vérendrye and his men. In 1744 Pierre de La
Vérendrye retired as Commandant of the West-
ern Posts, but still planned to return west when
he died in Montreal on December 5, 1749.

KYLA MASLANIEC
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Captain Cook Discovers
the Ends of the Earth

Overview

Almost half the globe was a mystery before
James Cook began his voyages. By the time he
was finished, it was clear that there were no
large landmasses left to be discovered on the
planet. He proved that the legendary southern
continent, terra australis, did not exist and
showed that there was no practical Northwest
Passage from the Atlantic to the Pacific. Cook
also discovered Hawaii, New Caledonia, and
many other remote islands. He was the first
recorded individual to travel below the Antarctic
Circle. His voyages made major contributions to
science, especially botany, and helped establish
good nutrition as the way to prevent scurvy.
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Background

All the inhabited continents had been discov-
ered before Captain James Cook (1728-1779)
began his three major voyages of discovery, but
nobody knew this fact. Large portions of the
Southern Hemisphere remained unexplored.
Maps showed blank space or terra australis, a
legendary southern continent filled with fantasy
creatures.

Symmetry was one of the main arguments
for the southern continent. Should not there be
as much land in the Southern Hemisphere as in
the Northern? The known landmasses of the
Southern Hemisphere only amounted to about a
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quarter of those of the Northern. Wind patterns
were also used to make the case, and it was even
declared that more land was necessary to keep
the Earth’s motion in balance. By Cook’s time,
the imaginary terra australis had already shrunk
considerably. For centuries, it was thought to
connect Africa to Ceylon, but that idea was de-
stroyed by Bartolomeu Dias’s (1450?-1500) trip
around the southern tip of Africa in 1488. Abel
Tasman (1603-1659) sailed completely around
Australia, proving it was not the great southern
continent. He also showed that there was open
ocean—and plenty of it—between Africa and
Australia. Other voyages (by the French) found
islands, providing hope that the South Pacific
was the place to look.

The British, both a naval and commercial
power, were especially keen to find the southern
continent. They had the opportunity for surrep-
titiously undertaking a search thanks to an astro-
nomical event. On June 3, 1769, there would be
a transit of Venus across the Sun. This event was
of both practical and academic interest. Obser-
vations of the transit could be used to get a bet-
ter estimate of the mean distance from Earth to
the Sun, and these estimates could be used for
celestial navigation. The Royal Society, therefore,
decided to sponsor an expedition to Tahiti to
observe the transit. Alexander Dalrymple (1737-
1808) might have been the logical choice to lead
the expedition. He was a member of the Royal
Society, a nobleman, and Britain’s self-pro-
claimed expert on terra australis. But Cook, who
was none of these things, was the society’s
choice. He was an experienced seaman who had
a record of taking meticulous readings. He had
done an expert survey of the difficult passages of
the St. Lawrence River in 1766. He had also ob-
served an eclipse of the Sun in Newfoundland
and sent his calculations to the Royal Society.

Cook’s first two decisions as head of the ex-
pedition were critical to the success of this voy-
age and later ones. First, the ship he selected
was not a flashy warship, but a sturdy, flat-bot-
tomed collier, a choice that may have saved him
from disaster when he discovered the Great Bar-
rier Reef and ran the ship aground. Second, he
made the health of his crew an obsession, insist-
ing on strict hygiene on his ship and introducing
a variety of foods aimed at preventing disease,
especially scurvy. As a result, there were relative-
ly few fatalities—perhaps just one from
scurvy—on Cook’s three voyages during a total
of almost eight years at sea. By comparison, only
55 out of the original 170 members of the crew
of Vasco da Gama (1460-1524) safely returned
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home from their voyage of a little over two
years. Most of those lost had died of scurvy.

On Cookss first voyage (1768-1771), after
the astronomical observations were complete,
he set sail in search of terra australis. On the
trip, he discovered the Admiralty Islands and
the Society Islands. He also circumnavigated
New Zealand and determined that it consisted
of two islands. He explored the east coast of
Australia, to the delight of Joseph Banks (1743-
1820), the ship’s botanist. Banks was a promi-
nent and wealthy scientist, who, at his own ex-
pense, had brought along a stash of scientific
equipment, an assistant, and four artists. In ad-
dition to collecting botanical specimens, he in-
vestigated the wildlife and later showed that al-
most all native mammals of Australia were mar-
supials. The presence of mammals that were
more primitive than those on other continents
became an early indicator of evolution.

The second voyage (1772-1775) involved a
systematic search for the southern continent.
Cook circumnavigated the globe, traveling west
to east and venturing as far south as he could.
Cook discovered New Caledonia, the South
Sandwich Islands, and South Georgia. He was
the first individual to travel below the Antarctic
Circle, where he found unnavigable ice, harsh
winds, and no evidence of terra australis. By trav-
eling over 60,000 miles (100,000 km), Cook
succeeded in proving a negative, and his reputa-
tion for precision and reliability was such that his
evidence and conclusions were accepted as fact.

Cook’s third voyage (1776-1779) took on a
less ancient myth, that of the Northwest Passage.
Columbus’s idea of sailing west to reach Asia had
not died, even though the Americas were in the
way. Explorations to the south had shown the
only way through was via Tierra del Fuego, at the
southernmost tip of South America. This trip was
about an 8,000-mile (13,000-km) detour, and it
was hoped that a way through navigable rivers
and inlets of North America would provide a
more direct option. Fifty other explorers, includ-
ing Henry Hudson (1565?-1611) and John
Cabot (c. 1450-1499), had probed the North
American continent from the east. Cook took on
the project from the west. He went from Vancou-
ver up along the coast of Alaska and continued
north until he found himself once again in un-
navigable, icy waters. He proved that there was
no practical way through North America, al-
though attempts continued into the next century,
often with disastrous results. Cook found his
own disaster on his return from the north. He
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stopped at the Sandwich Islands (Hawaii), which
he had discovered earlier. This second visit led to
a quarrel and he was killed by the natives.

Impact

Cook’s voyages essentially ended the age of explo-
ration. While the Antarctic continent remained
unexplored and many remote regions within the
known continents still held secrets, there were no
more undiscovered lands. Most people accepted
Cook’s conclusions about terra australis because
he was universally respected as an honest, com-
petent, and meticulous navigator. Cook’ journals,
however, did not discourage people from travel-
ing to remote regions. His detailed descriptions,
especially of the abundant wildlife, sent whalers,
hunters, and traders into the regions he had ex-
plored. Cook, though, did shift the focus from ex-
ploration to development, and, by providing a
more realistic map of the globe, he indirectly
freed up funding for other ventures, including the
digging of the Panama Canal.

The discoveries made on Cook’s voyages
had major geopolitical ramifications. Hawaii ul-
timately became a U.S. state. Cook also estab-
lished claims to Australia and New Zealand that
made them important British colonies and, later,
nations with distinctive cultures and histories.
While Abel Tasman’s encounter with the Maori
(1642) had been bloody, Cook dealt with them
diplomatically and established friendly relations
(1769). He led the way in opening Oceania to
trade and European influence. In the following
century, almost all the remaining inhabited re-
gions were claimed by Germany, France, Eng-
land, and the United States. Missionaries went
and converted the local populations to Chris-
tianity. They also brought devastating diseases,
including smallpox, tuberculosis, and measles.
Cultural changes, including Western-style gov-
ernments and modern technologies, took hold
in these regions.

From the start, Cook’s voyages were scien-
tific. Astronomy may have been the primary
purpose of the first voyage, but the most impor-
tant contributions were to botany. A mother lode
of new plant species was brought home by
Joseph Banks. These species became the basis
for Kew Gardens and, indeed, the establishment
of botany as a separate scientific discipline. The
practice of including a scientist on exploratory
voyages became fashionable, most notably
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Charles Darwin (1809-1882) on the Beagle and
T. H. Huxley (1825-1895) on the Rattlesnake.
The role of science officer also found a place in
popular culture, reaching an apotheosis of sorts
with Spock on Star Trek.

Banks went on to make scientific expeditions
to Iceland and the Hebrides and to serve as presi-
dent of the Royal Society for over 40 years. Of
equal value were the contributions of Banks as a
sponsor to rising stars of science, including Robert
Brown (1773-1858), who discovered the cell nu-
cleus and Brownian motion. Banks also became a
strong advocate for the settlement of Australia and
is sometimes called the “Father of Australia.”

On his second voyage, Cook himself made a
key contribution to science, for which he was
honored with the Copley Medal. Cook wrote
about his experiences in using different foods to
prevent scurvy. Though it would be over a hun-
dred years before the role of vitamin C in his suc-
cess was understood, Cook provided a practical
solution to scurvy that helped the British domi-
nate the seas for the next century. He also helped
provide a basis for the science of nutrition. Our
understanding of the role of vitamins in prevent-
ing scurvy, rickets, beriberi, and pellagra is owed
in part to the attention and diligence of Cook.

Cook’s voyages led to an incident that was
to capture the public imagination. William Bligh
(1754-1817) was shipmaster under Cook. In
1787 Bligh was given command of his own ship,
the Bounty, and received orders to transport
breadfruit from Tahiti to the West Indies. Bligh’s
crew, led by Fletcher Christian, mutinied. Bligh,
set adrift in a small craft with his officers,
achieved one of the great feats of navigation,
traveling over 4,000 miles (6,000 km) in an
open boat to reach Timor in the East Indies.
Bligh lived to testify against the mutineers. The
story of the mutiny on the Bounty entered popu-
lar culture and Bligh’s name became synony-
mous with a harsh taskmaster.

PETER ). ANDREWS
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Samuel Hearne Is the First European to
Reach the Arctic Ocean by Land Route

Overview

In the late 1760s reports from Native American
traders at the Hudson’s Bay Company’s Prince of
Wales Fort told of a large river leading to the
Arctic Ocean with a wealthy copper mine at its
mouth. The Hudson’s Bay Company was en-
couraged by the idea of a mine next to a naviga-
ble river that could be used to transport its rich-
es into the country’s interior. Samuel Hearne
(1745-1792) was sent on three attempts to dis-
cover the river and its mine, and in the course of
his travels he mapped a large portion of the
Canadian interior and closely observed the lives
of the tribes living there. Most of all he proved
the difficulty of long-distance travel overland
through the Arctic.

Background

By the late 1760s the Hudson’s Bay Company
had established several forts along the bay’s coast
for trading and shipping furs and other goods
extracted from northern Canada. An ultimate
goal of the company was to explore the area for
a Northwest Passage by which ships from Eng-
land could sail to the trading ports of Asia. The
company was one of two operating in Canada
under exclusive royal charter to trade animal
skins with the Native American tribes of Cana-
da. The Hudson’s Bay Company’s presence con-
sisted mostly of a string of forts along the shore
of the bay that served as trading posts, where
Native American trading parties could exchange
their furs for manufactured goods from Europe.
As of 1770 the company had not extended its
presence into the interior of northern Canada.

In 1768 a group from the Chipewyan tribe
of western Canada arrived at Prince of Wales
Fort at the site of present-day Churchill, Manito-
ba, with samples of copper they claimed had
come from a large and productive mine by a
great river to the northwest. The commander of
the fort assembled an expedition of three Eng-
lishmen led by Samuel Hearne to find the mine.
The expedition was to travel with a group from
the Chipewyan tribe.

On this first attempt in the winter of 1768,
the two Englishmen under Hearne were unable
to stand the rigors of traveling with the
Chipewyan, and Hearne was forced to turn back
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and join another group of Chipewyan traveling
to Prince of Wales Fort. Hearne was barely able
to get the two men back to the fort alive, but
through the experience he began to learn how to
plan for and survive the extended trip required
to reach the elusive mine. On his next attempt
Hearne took no other Europeans and greatly re-
duced the load he had to carry on the journey.
During his first attempt to reach the Copper-
mine River, more Chipewyan had arrived at
Prince of Wales Fort, and Hearne retained them
as guides for his next attempt.

Hearne made his second attempt only three
months after the first and traveled alone with an-
other party of Chipewyan guides. After six
months he lost his equipment, including the sex-
tant he needed to map the route to the river,
when a high wind blew down his tent. He was
thus forced again to return to the Prince of Wales
Fort. On his return to the Fort he was taken in
by a Chipewyan leader named Matonabbee who
offered to guide him to the Coppermine River on
his next attempt. Despite the protests of the com-
pany’s chief agent at Prince of Wales Fort, who
preferred that Hearne travel with members of the
tribe already familiar with the Company, Hearne
set out again for the Coppermine River with Ma-
tonabbee and his party in early December of
1770, with winter approaching.

The party left Prince of Wales heading west
to avoid traveling through harsher terrain during
the first winter months of the journey, dragging
their sleds behind them. In early February of
1771 the group crossed the Kazan River and
walked over the frozen surface of Lake Kasba
300 miles (483 km) from Prince of Wales Fort
and just north of what is now the border be-
tween Manitoba and Alberta. In April they
reached Lake Clowey, an eastern arm of Great
Slave Lake, from which they proceeded north
towards the coast of the Arctic Ocean.

Along the route more Chipewyan traveling
to the mouth of the Coppermine River continu-
ally joined the group. In this ever-expanding
group Hearne was given the opportunity to ob-
serve the tribe’s life from within. Hearne noted
the habit of going completely without food for
days at a time when it was not available and
gorging themselves until they could not walk
when it was. On the trail the party hunted for
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food including swans, geese, caribou, and musk
oxen, all of which were eaten raw when wood
was not available to build a fire for cooking.
Hearne also witnessed the heavy workload given
to the women of the tribe. Matonabbee attributed
the failure of his two previous attempts to reach
the river to the fact that he did not bring any
women along to share the heavy work of the ex-
pedition. He explained the Chipewyan tradition
of having the women of the group carry the vast
majority of the load on the trail and making them
the first to go hungry when food became scarce.

The cycles of feast and famine continued as
the group traveled north. In June Hearne discov-
ered that the Chipewyan were traveling as a war
party planning a massacre of the Inuit settlement
at the mouth of the river. Hearne objected to the
plan and declared that he would not participate
in the massacre except to defend himself if he
were attacked. Leaders of the party were offend-
ed by his unwillingness to fight on their behalf
and threatened to eject him from the traveling
group, but Matonabbee intervened on Hearne’s
behalf and he was allowed to stay with the
group. Later that month the group camped on
Lake Peshew, where the women and children
were to stay while the men formed an attack
party and raided the Inuit settlement. On July
14, 1771, they reached the Coppermine River,
and Hearne saw that the accounts given by the
Chipewyan that came to Prince of Wales Fort ex-
aggerated the size of the river. The Coppermine
proved to be too shallow for boats to travel up-
stream for shipping to the Canadian interior as
the Hudson’s Bay Company had hoped.

The Chipewyan painted their shields and
bodies in preparation for their attack on the Inuit.
Hearne was still determined not to fight and was
given a shield and weapon for his own protection.
In the early morning hours of July 17, when the
Arctic sun was at its lowest point sitting just on
the horizon, the Chipewyan attacked the settle-
ment and killed all but a few Inuit, who were
barely able to escape from a nearby encampment.
In the aftermath of the attack Hearne observed
scattered whalebones and sealskins in the Inuit
camp and concluded that they had reached the
mouth of the Coppermine River at the Arctic
Ocean. He then took possession of the coastline
for the Hudson’s Bay Company.

The search then began for the copper mine
that the Chipewyan had described to the agents
at Prince of Wales Fort years before. Like the
story of the wide, navigable river, the rich cop-
per mine also turned out to be an exaggeration.
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After hours of searching Hearne only found one
large lump of copper ore among the rocks along
the river. Meanwhile the Chipewyan ransacked
the Inuit settlement, destroying tents and pot-
tery and collecting all the copper items for
themselves. The group turned south to rejoin
the main encampment and return to Prince of
Wales Fort. At Great Slave Lake Hearne again
lost his sextant, as he had on his second attempt
to reach the Coppermine River, and was unable
to map the rest of the return to Hudson’s Bay.

Impact

Hearne returned to the fort on June 29, 1772.
After a year and a half traveling through hostile
environment he found neither large deposits of
copper nor a new waterway to transport goods
through Canada. But while he found no new re-
sources in the extreme northwest of Canada, the
trip did demonstrate to the Hudson’s Bay Com-
pany that it would not be able to depend on hav-
ing just a presence on the shores of Hudson’s Bay.
The company would have to build trading posts
in the interior of Canada in order to extend its
trade with the tribes there. Hearne himself was
sent to command such a post when he was ap-
pointed to Cumberland House in what is now
Saskatchewan. He remained there until 1775
when he was made governor of Prince of Wales
Fort. At the end of the American Revolution the
French invaded Hudson’s Bay and threatened to
attack the fort. Hearne surrendered and was
taken prisoner by the French until the end of the
war, when he returned to Prince of Wales Fort.

Hearne’s overland trip through Canada was
the last of its kind in which a lone European ex-
plorer would travel alone among a group of Native
Americans overland through the Arctic. In the
next 20 years Alexander Mackenzie (1755?-1820),
working for the competing Northwest Company,
would use the same strategy as Hearne in relying
on the geographical expertise of the Native Ameri-
cans to travel through the country and build a
business network among the tribes of the interior.
Mackenzie was able to use that method to build a
vast trading network that stretched from Montreal
to the Arctic Coast to the Pacific Ocean.

GEORGE SUAREZ
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Mungo Park’s African Adventures

Overview

In 1795, a young Scottish surgeon, Mungo Park
(1771-1806), was hired by the African Associa-
tion, a British organization that sponsored African
exploration, to locate and, if possible, map a large
river thought to flow in the African interior, now
known to be the Niger River. Park found the
Niger and explored parts of it before his untimely
death in 1806 at the age of 35. Following his ex-
peditions, several more years were to pass before
the Niger would be completely mapped into the
Gulf of Guinea. However, by locating the Niger
and following it for over 1,000 miles (1,609 km)
through the African interior, then writing about
his adventures, Mungo Park helped increase
knowledge of African geography and fueled Eu-
rope’s interest in this large continent.

Background

By the end of the eighteenth century, vigorous ex-
ploration of the interiors of major continents was
well underway. In North America, the eastern part
of the continent was well known, and major por-
tions west of the Mississippi had been explored by
the Spanish and the French. South America had
been explored by the Spanish, and much of Asia
had been visited or described as well. The Aus-
tralian interior remained a mystery, nor was any-
thing known of the African interior. Of these,
Africa was of far greater interest because of its ani-
mals, great lakes and rivers, natives, and jungle. It
simply seemed more exotic, dangerous, and inter-
esting than Australia. It was also more accessible,
lying just a few thousand miles from Europe.

There were also many tales of Africa: travel-
ers’ stories dating back to the times of the ancient
Greeks and Romans, biblical stories, and legends
with unknown origins. Africa was a continent
about which just enough was known to excite
the imagination, but not enough to satisfy it. In
addition, European governments saw Africa as a
possible source of raw materials, new colonies,
and economic or political gain. Since both Euro-
pean nations and the American colonies were
also engaged in the slave trade, they paid fre-
quent visits to Africa to purchase human cargo.
Finally, scientists simply wanted to learn about
the continent, its animals and inhabitants, and its
geology and geography. In short, there were
many people interested in Africa.
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To help satisty this knowledge, expeditions
were launched by both public and private orga-
nizations. One of these, the African Association,
commissioned a group in 1795 to locate a major
river rumored to lie in the African interior. They
chose a surgeon named Mungo Park to lead the
expedition; three years earlier he’d been a med-
ical officer on a ship in the East Indies trade, and
had spent some time studying the flora and
fauna of Sumatra.

Park began his journey by sailing to Gambia,
on the Atlantic coast of northern Africa. From
there, he made his way overland through deserts
and over mountains, traversing country inhabit-
ed primarily by Muslims, reaching the Niger
River after several months of hard travel. Falling
seriously ill was only one of his adventures; he
was also imprisoned, robbed, and threatened.
Upon reaching the Niger, Park realized it would
be suicidal to try to press on to Timbuktu as he
had originally planned, so he returned to Gam-
bia, returning to England in 1797.

Back in England, Park married, wrote a
book, and became licensed in surgery. In 1805
he set out again on another expedition spon-
sored by the African Association, accompanied
by nearly 40 men, trying again to map the
course of the Niger. This time, after reaching the
river, they built boats and sailed along it for over
1,000 miles (1,609 km), mapping its course as it
flowed to the east and turned south. Disease,
however, killed all but 11 of his expedition
members, and the weakened party was never to
reach the mouth of the Niger. They were killed
in a battle with natives near the present city of
Bussa in 1806.

Impact

Upon returning from his first trip to Africa,
Park wasted little time in compiling an account
of his adventures, Travels in the Interior Districts
of Africa (1797), in which he described the
African landscape, the people he met, and the
difficulties he encountered. His book was a suc-
cess because it detailed what he observed, what
he survived, and the people he encountered.
His honest descriptions set a standard for future
travel writers to follow. This gave Europeans a
glimpse of what Africa was really like. Park in-
troduced them to a vast, unexplored continent
with huge rivers, untamed reaches of land, a va-
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A view of the Niger River near Timbuktu. (Corbis Corporation. Reproduced with permission.)

riety of human cultures and societies, and a
great abundance of potential that was, from the
standpoint of eighteenth-century Europe, com-
pletely unexploited.

After Park’s disappearance public and po-
litical interest in Africa began to increase. He
had proved that Africa could be explored,
showing that it was possible to journey through
unknown territory to a major African river,
with few supplies and little help—but that
doing so was dangerous business. More than
15 years would pass before the next major ex-
pedition left for Africa. (This is surprising when
you consider that Africa, is, after all, geographi-
cally closer to Europe than either of the Ameri-
cas or Asia. Yet, trade was established with
India and China, colonies were established in
both North and South America, and a strug-
gling colony was present in Australia before
African exploration was well underway.) Hugh
Clapperton, Dixon Denham, and Walter Oud-
ney led a three-year expedition for the British
government (1822-1825) through Saharan and
sub-Saharan Africa—and returned to England
to tell about it. They were followed by many
others in subsequent decades, culminating in
the epic journeys of David Livingstone (from
1852 until his death in 1873).

Perhaps the most lasting effect of Park’s
travels, though, was their influence on European
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governments, which were at that time intent on
building their empires and quelling domestic
troubles. Africa seemed a way to move their
competition away from Europe while at the
same time opening markets for the flood of
goods produced by the Industrial Revolution
then sweeping through Europe.

Over the next century, Britain, France, Italy,
Germany, Portugal, and Belgium all established
(or tried to establish) colonies, trading outposts,
or both in Africa. Although warfare between
competing European powers rarely erupted, the
natives often resisted European incursions. The
African tribes, however, could neither coordi-
nate their efforts nor overcome the technological
advantage of European weapons. In every in-
stance but one (Ethiopia, who defeated the Ital-
ians in 1896), they failed to resist the onslaught
of European colonizers.

Despite subduing the native populations,
most European nations failed to extract the same
economic or political advantage from Africa that
they did elsewhere. Although parts of Africa are
rich in gold, diamonds, and other mineral
wealth, this was not immediately apparent in the
late eighteenth and nineteenth centuries. Parts of
Africa are suitable for agriculture, but not to the
extent that North America is. Tropical woods
fetched a high price in European markets, but
tropical diseases and often-hostile tribes made
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harvesting them difficult and expensive. Big
game hunting was popular, but was too expen-
sive for all but the very wealthy. For these and
other reasons Africa failed to live up to Euro-
peans’ initial hopes or expectations, and very
few African colonies became economic boons to
their mother nations.

At the time of Park’s journeys, however, this
was all in the future. Upon his arrival, Park
found a continent full of mystery and promise,
ripe with expectation. This is what he reported

in his book, and helped entice future explorers
to follow the path he started.

P. ANDREW KARAM
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James Bruce Explores the Blue Nile to Its
Source and Rekindles Europeans’
Fascination with the Nile

Overview

From ancient times, the existence and survival
of Egypt has depended on the Nile River. About
4,000 miles (6,437 km) long, the Nile is the
longest river in the world and consists of two
main branches. The longer branch, often re-
ferred to as the White Nile, rises from the heart
of central Africa and flows more than 3,000
miles (4,828 km) to the Sudan, where it is
joined by the Blue Nile. At this junction, the two
tributaries form the greater Nile, which then
courses through Egypt and drains at the wide
Nile Delta into the Mediterranean Sea.

The ancient Egyptians probably knew that
the source of the Blue Nile was Lake Tana in
Ethiopia, but the headwaters of the White Nile
remained a mystery for centuries. In 457 B.C.,
the Greek historian Herodotus (c. 484-420 B.C.)
attempted to locate the Nile’s source and fol-
lowed the river to Aswan, but he was unable to
progress any farther. Six hundred years later, the
great Greek geographer and astronomer Ptolemy
(fl. A.D. 127-145) described the Nile as originat-
ing from two lakes near the Mountains of the
Moon in central Africa and snaking northward
to the Mediterranean Sea.

European interest in the Nile waned until
the seventeenth century, when Portugal in partic-
ular became interested in Africa for both reli-
gious and commercial purposes. In 1618 a Jesuit
priest, Father Pedro Paez (1564-1622), traveled
from Arabia to Ethiopia; in the mountains south
of Lake Tana he came upon some swampy soil
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and a spring that he correctly recognized as the
source of the Blue Nile. His fellow missionary,
Father Jeronymo Lobo, wrote about Paez’s dis-
covery; Sir Peter Wyche and Samuel Johnson of
Britain later translated Father Lobo’s work. A few
Europeans continued to explore the Blue Nile,
but no one reached its source again until 1770,
when James Bruce (1730-1794) of Scotland de-
clared that he was the first European to have dis-
covered the primary source of the Nile. He was,
of course, mistaken on both counts: he had only
found the source of the Blue Nile, and he was not
the first European to do so. Nonetheless, James
Bruce’s historical role is significant: his adven-
tures rekindled Europe’s fascination with the Nile
and lured many nineteenth-century explorers to
Africa in search of the rivers mysterious source.

Background

James Bruce was born in 1730 in Scotland. He
lost his mother when he was only three years
old, and grew from a delicate child into a strong
man more than 6 feet (1.83 m) tall, with red hair
and a deep, booming voice. An aristocrat who
was the heir to his family estates at Kinnaird,
Scotland, Bruce was educated at Harrow and
later at Edinburgh University. At his father’s in-
sistence, Bruce studied law and eventually
joined the East India Company in London,
where he met and married a wealthy young
woman. Within nine months, however, his wife
died, and at 24 years old, James Bruce was a
lonely, embittered young man. He turned to
travel and the study of languages, and in 1762
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he accepted the post of British consul in Algiers,
where he continued to study Oriental languages
and medicine.

In Algiers the Barbary pirates and the cruel
Ali Pasha made life miserable for Bruce, and fi-
nally, in 1765, he was allowed to leave his post.
He traveled to various archaeological sites in
Greece, Syria, and modern Lebanon before arriv-
ing in Cairo in 1768 with a young Italian artist,
Luigi Balugani. In Egypt James Bruce began to
pursue his dream of locating the source of the
Nile River.

Erroneously convinced that the Blue Nile
was the larger of the two branches of the Nile,
Bruce traveled from Cairo up the Nile to Aswan.
When further progress along this route proved
impossible, he chose instead to approach
Ethiopia, or Abyssinia as it was then called, from
its coast. Traveling inland from the Red Sea, Bruce
and his party reached Gondar, then the capital of
Ethiopia, in February 1770 and immediately be-
came embroiled in the savagely brutal tribal war-
fare of Ethiopia. Bruce’s very survival is almost
miraculous and undoubtedly due to his knowl-
edge of the native language and to his medical ex-
pertise, especially in treating smallpox.

Determined to find the source of the Nile,
Bruce hiked about 70 miles (112.6 km) into the
mountains on the southern edge of Lake Tana.
On November 4, 1770, he and his party
reached a swampy area that he mistakenly
thought was the source of the great Nile River.
He then proclaimed himself to be the first Euro-
pean to reach the spring, pointedly ignoring Fa-
ther Lobo’s record of Pedro Paez’s presence at
the same place in 1618. James Bruce was fanati-
cally anti-Catholic and scoffed at any claims
made by Paez and Lobo. Tronically, his refusal to
acknowledge Paez’s discovery was later a factor
that caused others to mock Bruce’s own great
accomplishments.

Bruce returned from his mountain trek to
an ugly civil war in Gondar and was unable to
leave Ethiopia. He remained there and devoted
his energy to writing a history of the local kings
and to assembling a collection of manuscripts
and indigenous flora. He recorded in gruesome
detail the bloody battles and the frequently li-
centious customs of the Christian people of
Gondar before being allowed to leave Ethiopia
in December 1771.

Bruce and his party chose to return to Cairo
by land and reached the Moslem city of Sennar
in April 1772, where he remained for four
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months before traveling to Khartoum, the point
where the two Nile rivers join. No record exists,
however, that Bruce even acknowledged what he
must have so clearly observed at Khartoum: that
the White Nile was obviously the larger of the
two tributaries and that Lake Tana and the near-
by spring could not, therefore, be the primary
source of the Nile River.

Bruce was ill by this time with guinea
worm, a flesh-eating parasite. Nevertheless, he
pushed on and finally joined a caravan headed
for Cairo. His party reached Aswan on Novem-
ber 28, 1772, and Cairo thirty days later. After
two months, he left Egypt and sailed for Mar-
seilles, France, where he remained for a month,
seeking medical treatment for his leg, traveling
and being received by King Louis XVI. From
France he journeyed on to Italy, again in search
of medical care. At last, in June 1774, he re-
turned to London, but not to the reception he
had eagerly anticipated. King George III as well
as the educated elite rebuffed Bruce’s account of
his years in Ethiopia, often believing he had fab-
ricated his fascinating tales of butchery and bar-
barism. Additionally, Bruce was condemned be-
cause he had repudiated the words of the Por-
tuguese priest, Father Lobo, and continued to
maintain that he was the first European to reach
the Nile’s source above Lake Tana.

Spurned by much of London society and in-
telligentsia, Bruce returned to his native Scot-
land, where he was more appropriately wel-
comed. He married Mary Dundas, who bore him
several children but tragically died in 1788, 14
years after they had wed.

After his wife’s death, Bruce yielded to
friends’ urgings to publish his journals, working
in London with B. H. Latrobe for a year to tran-
scribe his writings into five volumes. Travels to
Discover the Sources of the Nile, in the Years 1768,
1769, 1771, 1772, and 1773 was published in
1790, but Bruce refused to pay Latrobe for his
efforts. Likewise, he refused to credit the Italian
artist, Balugani, who had died in Ethiopia, for
his many superb drawings. In fact, Bruce took
personal credit for the Italian’s drawings. The
book’ reception was dismal. Critics lampooned
his stories of what he had observed in Ethiopia,
most of the book was regarded as mere fiction
and became the subject of many jokes.

Angry and dejected, James Bruce returned
to his family in Scotland. At the age of 64, he ac-
cidentally fell on the staircase in his home and
was knocked unconscious. He died the next day,
on April 27, 1794.
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Impact

Although James Bruce and his book were reviled
in England, the French regarded his contribution
as serious. Indeed, the work of James Bruce was
most influential in leading the French to Africa,
especially to the Nile. Napoleon’s Egyptian cam-
paign in 1798 resulted in the brief French occu-
pation of that country, further exploration of the
Nile, and the discovery of the Rosetta Stone.

The primary source of the Nile, however,
remained a mystery until the mid-nineteenth
century, when British explorers Sir Richard Bur-
ton (1821-1890) and Captain John Speke
(1827-1864) set out from Zanzibar toward cen-
tral Africa. Speke eventually located a large lake
in 1858, which he named Lake Victoria in honor
of the British sovereign, and realized it was the
source of the Nile. In 1875 Sir Henry Morton
Stanley (1841-1904) was the first to sail com-
pletely around Lake Victoria, the second largest
freshwater lake in the world, and saw the snow-
capped Ruwenzori mountain range, Ptolemy’s
“Mountains of the Moon.”

Even though James Bruce had erred in think-
ing that an Ethiopian swamp high above sea level
was the primary source of the Nile, and despite
the fact that he inflated his role in the exploration
of the Nile River, his contribution to the history of
the continent of Africa is important. Not only was
he the first European to follow the Blue Nile to
where it converged with the White Nile, but his
accounts of his travels and the years he spent in
Ethiopia are still regarded today as epic. Not until
1960 were the headwaters of the Blue Nile fully
charted, almost 200 years after James Bruce
climbed more than 6,000 feet (1,829 m) to a
swampy spot in the Ethiopian highlands.

ELLEN ELGHOBASHI
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The North Pacific Voyages
of the Comte de La Pérouse

Overview

Between 1785 and 1788 Jean-Francois de
Galaup, comte de La Pérouse (1741-1788?),
sailed on a mission of exploration to discover is-
lands and lands not yet found by France’s Euro-
pean rivals. With two ships, La Boussole and As-
trolabe, La Pérouse traveled to many parts of the
Pacific, although he is best-known for his explo-
rations in the North. In particular, he discovered
the strait named for him that separates the is-
lands of Sakhalin and Hokkaido, connecting the
Sea of Okhotsk with the Sea of Japan. These and
other discoveries helped complete this phase of
Pacific Ocean exploration and established a
French presence in the region.

Background

European exploration of the Pacific Ocean began
with Vasco Nunez de Balboa’s (1475-1519) first
view of the ocean from the Isthmus of Panama
in 1513. Six years later, when Ferdinand Magel-
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lan (c. 1480-1521) set out to circumnavigate the
globe, he became the first European to sail the
largest ocean on Earth. One of Magellan’s goals,
like Christopher Columbus (1451-1506) before
him, was to find a new route to the Orient, to
open it for further trade with Europe.

Over the next two centuries, exploration in
the Pacific was sporadic at best. While its pe-
riphery was visited and mapped to some extent,
there were no real systematic efforts to docu-
ment what lay beyond those areas thought to be
commercially valuable or that held riches such
as gold or spices. Even midway through the
eighteenth century much of the Pacific and
many of its shores were unknown.

The exploration that was done, and the
few trading posts and colonies that were estab-
lished in the Pacific were almost exclusively
English, Dutch, or Spanish. Although the
French boasted the largest nation in Europe, a
strong navy, and a vigorous economy, France’s
concentration on European affairs blinded her
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to the possibilities that existed overseas. Final-
ly, in the latter half of the eighteenth century,
France awoke to the possibilities that existed in
the Pacific.

During this time, voyages of exploration
were dispatched to all parts of the Pacific,
charged with finding lands not already
claimed or visited by France’s European rivals.
Three of the best-known explorers were An-
toine Raymond Joseph de Bruni, chevalier
d’Entrecasteaux, (1739-1793), who visited
Australia and neighboring regions; Louis-An-
toine de Bougainville (1729-1811), who ex-
plored the islands around Indonesia and New
Guinea; and La Pérouse.

Setting out from France in August 1785 for
the Pacific, La Pérouse rounded Cape Horn on his
way to Easter Island, the Sandwich Islands (now
Hawaii), and up the coast of North America. His
first goal, to find the long-sought Northwest Pas-
sage between the Atlantic and the Pacific, was fu-
tile, and he stopped his search when he reached
the southern shore of Alaska. From there, he
headed south, reaching as far as San Francisco be-
fore crossing the Pacific. He arrived in southern
China in early 1787 and proceeded on to Manila,
then owned by the Spanish. Stocked with water
and food, he headed north along the Asian coast,
reaching Japan in early summer.

La Pérouse reprovisioned in Japan, then
headed north through the Sea of Japan. He
first passed through the Tatar Strait, a long and
narrow channel separating the island of
Sakhalin from the Asian mainland, and also
sailed through what is now known as the
Straits of La Pérouse, which separate Sakhalin
and Hokkaido. He stopped briefly in
Petropavlosk on the Kamchatka Peninsula,
where he dispatched his notes and journals
back to France before heading for Botany Bay
in New Holland (now Australia). When the
ships stopped at the Navigators’ Islands (now
Samoa) en route, a dozen of La Pérouse’s crew
were killed by the natives. The expedition
reached Botany Bay, from which they set forth
again on March 10, 1788. Neither La Pérouse’s
nor his crew were seen again and, until 1826,
nothing more was known of them.

Later explorers, both English and French,
found that his ships had apparently been
wrecked in the Solomon Islands, not far from
New Guinea. Some crew members were killed
by natives; others escaped and apparently per-
ished at sea. Only a few artifacts from the ship
and its crew were found.
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Impact

The most obvious impact of La Pérouse’s voyages
was the return of scientific and geographic
knowledge from a part of the world not yet visit-
ed by Europeans. Animal, plant, and geologic
specimens were returned to France, along with
detailed notes and journals about weather and
sea conditions, maps of the coasts visited, and
information about much of the Pacific Ocean,
gathered over the better part of two years. By
themselves, these records could only give a
snapshot of, for example, climate and seas, but
when combined with the discoveries of other ex-
peditions, a much more complete and detailed
picture was gradually assembled. Some of these
observations were of scientific interest only. Oth-
ers were more general, and of use to French
commerce and the military, which began moving
into the area in later decades.

La Pérouse’s voyages also presaged, to some
extent, later voyages to Japan aimed at opening
trade with the isolated nation. Although La
Pérouse did not attempt to force trade issues, his
journals provided valuable information for later
visits, including Matthew Perry’s (1794-1858)
1852 visit that forced Japan to open trade with
the West. In addition, the Straits of La Pérouse
are a frequently used transit path for ships trav-
eling to Japan, forming the conduit from the Sea
of Okhotsk to the Sea of Japan. These straits are
also militarily significant; American submarines
used them during the Second World War in
their attack on the Japanese Empire, and they
are currently thought to be equally important for
Russian ships and submarines.

Of more importance was La Pérouse’s role in
helping France gain a foothold in the Pacific. As
mentioned above, despite having the strongest
navy in Europe, France had previously concen-
trated on Continental European affairs, almost to
the exclusion of overseas explorations. Had
France given the same resources to exploration
as did Britain, Holland, and Spain, she may well
have emerged as the strongest colonial power by
the end of the eighteenth century. Instead, as
that century drew to a close, France had only
her North American colonies in Canada and
Louisiana, small outposts in South America and
the Caribbean, and some scattered islands in the
Indian Ocean. This changed in 1785, when King
Louis XVI sent La Pérouse to the Pacific, to visit
“all the lands that had escaped the vigilance of
Cook (the great English explorer).”

With this charge, La Pérouse’s voyages
began an era of French efforts to gain a stake in
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the Pacific. Over the following decades, they
ended up with outposts of limited commercial
value, but of strategic importance. Scattered
throughout the Pacific, French territories still
exist, including the atolls where France per-
formed atomic bomb testing as recently as the
1990s. Although her Pacific possessions never
returned the same wealth as those of the Dutch
or the British, France’s islands spanned the
ocean, giving her ships bases of operation and
places to provision, shelter, and make repairs as
they crossed the Pacific on voyages of explo-
ration, commerce, and war.

Shortly after La Pérouse’s death, however,
events in France prevented follow-up on his and
other explorers’ successes. With the onset of the
French Revolution in 1791, France descended
into turmoil that was to last for several years.
Shortly thereafter, Napoleon’s military successes
kept France’ attention focused on matters close
to home, and her overseas possessions were an
afterthought. This helped ensure that France,
despite her military and economic prowess,
would never enjoy the same economic advan-
tage from her overseas colonies as the English
and Dutch.

La Pérouse set out to make scientific dis-
coveries, to open trade routes, and to help

France establish a presence in the Pacific Ocean.
Although he failed to open any new trade
routes, he met his other objectives, which
helped bolster France’s status as a great power.
In addition, the Straits of La Pérouse are a fre-
quently used waterway when not frozen, navi-
gated by both military and commercial ships of
many nations.

La Pérouse accomplished a great deal for
France, although he died before being recognized
for his achievements. As one of the first French
explorers in the Pacific, he helped set high stan-
dards for those who followed. He helped France
to establish herself as a player in the global game
of territorial dominance, and helped France es-
tablish outposts of military (if not commercial)
significance that are retained to this day.

P. ANDREW KARAM
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Carsten Niebuhr Describes the Near East

Overview

The first European scientific expedition to the
Near East, dispatched in 1761, was an unlucky
one for its crew. One after another they died,
until the surveyor, Carsten Niebuhr, was left
alone. Niebuhr continued exploring and, upon
his return, published several important reports.
These included maps that were used for a centu-
ry, cuneiform inscriptions copied from the ruins
at Persepolis, and botanical data gathered by the
expedition’s lost naturalist.

Background

Carsten Niebuhr was born in Ludingworth,
Hanover, Germany, on March 17, 1733, into a
farming family. He was orphaned while still an
infant, and the family farm was sold, the pro-
ceeds being split between Niebuhr and his sev-
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eral brothers and sisters. The boy was set to
farming work, but no longer had a farm of his
own. Although his prospects seemed quite limit-
ed, the resourceful Niebuhr managed to learn
surveying and pick up a smattering of a number
of scientific and technical trades. Eventually he
was admitted to the University of Gottingen to
study mathematics.

In 1760 King Frederick V of Denmark, at
the urging of the Hebrew scholar Johann David
Michaelis of Gottingen, authorized the first Eu-
ropean scientific expedition to the Near East.
The naturalist on the expedition was to be Pehr
Forrskal, a gifted student of the founder of
botanical classification, Carl Linnaeus (1707-
1778). Forrskal, a Swede whose writings on civil
liberty had been confiscated by Linnaeus himself
and condemned from Swedish pulpits, jumped
at the offer of a lengthy journey financed by the
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Danish crown. The official in charge of organiz-
ing the expedition, Baron von Bernstorff, also
had connections at the University of Gottingen,
and Niebuhr was invited to participate as a sur-
veyor and engineer.

The expedition was intended to explore the
culture and history of the Near East, especially the
background of the Bible, as well as the region’s
flora and fauna. To that end, the party included,
besides Niebuhr and Forrskal, the Danish linguist
and Orientalist Friedrich Christian von Haven and
Christian Carl Kramer, a Danish physician and zo-
ologist. Georg Baurenfeind, an artist from south-
ern Germany, went along to assist in documenting
the group’s discoveries. A Swedish ex-soldier
named Berggren was also included.

The explorers sailed from Copenhagen in
January 4, 1761, on the Danish military vessel
Groenland. The small expedition was loosely or-
ganized, with no official leader. Perhaps this af-
fected the relationships between some of the
team members, which were difficult almost from
the start, although Niebuhr and Forrskal seemed
to get along well. The weather too was stormy,
impeding the ship’s progress for months. The sit-
uation deteriorated to the extent that von Haven
actually disembarked and traveled overland to
the port of Marseilles, rejoining the group when
the ship finally docked there in May.

After a stop at Malta, the travelers continued
to Istanbul (then called Constantinople), where
they boarded a Turkish ship headed for Egypt’s
port city of Alexandria. This leg of the voyage
was much more pleasant, uneventful but for the
opportunity to enjoy the company of a group of
Turkish girls in the adjacent cabin. From Alexan-
dria, they traveled up the Nile River to Cairo,
and went on to Mt. Sinai and the Suez.

In October 1762, for their journey to the
Muslim holy city of Mecca, they disguised them-
selves as pilgrims. From the Arabian port of
Jidda, they traveled south along the eastern
shore of the Red Sea in an open boat called a tar-
rad. Southern Arabia was completely unknown
territory to Europeans at that time. An English-
man named John Jordain had visited the Turkish
pasha there in 1609. In 1616 the Dutchman
Pieter van der Broeke traveled to the Yemini cap-
ital of Sana and wrote admiringly of the great
pillared mosque. But no group had previously
been sent there for purposes of gathering exten-
sive information.

The travelers made frequent landings until
they reached the harbor of Luhayyah in north-
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ern Yemen on December 29, 1762. They stayed
as the guests of the local emir, who became fas-
cinated by their microscope. Next they jour-
neyed over the coastal plains by donkey to
Mocha in the southwest.

It was during this part of the trip, in 1763,
that disaster began to strike. Niebuhr and von
Haven both contracted malaria, and in May von
Haven succumbed to the disease. Forrskal also
became ill after a journey into the hills to collect
herbs. His specimens were confiscated and de-
stroyed by customs authorities in Mocha, and he
died in July.

The remaining members of the expedition
then traveled to Sana. The imam received them
graciously, housing them in a villa and providing
them with money and camels for their return to
Mocha. The four travelers, all of them sick and
feverish, had to be carried onto the English ship
bound for Bombay, hoping to find a healthier
climate in India. Baurenfeind died onboard on
August 29, and Berggren the next day. Kramer
followed on February 10, 1764 in Bombay.
Niebuhr was the expedition’s sole survivor.

Adopting native dress and diet, Niebuhr re-
mained in India for 14 months. He embarked
upon his long journey back to Europe with a
visit to Muscat in southeastern Arabia, followed
by a voyage on a small English warship to Persia.
He traveled overland through Shiraz to Persepo-
lis. There he copied many ancient cuneiform in-
scriptions from the ruins of the palace destroyed
by Alexander the Great in 332 B.c. In doing so he
provided a tremendous gift to scholars, who had
been trying to decipher the cuneiform scripts
with very few samples to work from.

Niebuhr went on to Babylon, Baghdad,
Mosul, and Aleppo. From the Mediterranean
coast he sailed to Cyprus before returning to
visit Jerusalem in 1766. He then proceeded up
the coast and over Turkey’s Taurus mountains to
Istanbul.

Impact

Upon his return to Copenhagen in 1767,
Niebuhr conscientiously began working on an
official report from the ill-fated expedition. The
result still makes fascinating reading, being filled
with colorful details and entertaining anecdotes.
As one might expect, Niebuhr’s writings also ex-
hibit the ethnocentricity of an eighteenth-centu-
1y traveler commenting upon the “ignorance and
stupidity” of those unfamiliar with the European
way of life.
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The maps Niebuhr made remained in use
for more than 100 years. In fact, his measure-
ments of the Nile Delta were so exact that they
were used in building the Suez Canal (1859-69).
He was also scrupulous in preserving the work
of the unfortunate Forrskal, compiling, editing,
and publishing three volumes of his notes: De-
scriptiones animalium, Flora aegyptiaco-arabica,
and Icones rerum naturalium.

Niebuhr was married in 1773; his only son,
Barthold Georg Niebuhr, was to become an emi-
nent historian. The family left Copenhagen in
1778, when Niebuhr was offered a position in
the civil service in Holstein, and took up resi-
dence in Meldorf. Niebuhr died there on April
26, 1815, by which time many European sol-
diers, scientists, and adventurers, beginning

with Napoleon, had established a presence in
the Near East.

SHERRI CHASIN CALVO
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Antoine de Bruni
Charts the Tasmanian Coast

Overview

During the closing years of the eighteenth centu-
ry, French exploration of the Pacific Ocean
began in earnest. One of the most important
French sea captains during this period was An-
toine de Bruni, known as the Chevalier d’Entre-
casteaux (1739-1793), whose voyages to Aus-
tralia returned valuable knowledge of this conti-
nent and its neighboring islands. Bruni’s voyages
helped establish France as a serious presence in
the Pacific and served to counterbalance the ex-
isting presence of the British, Dutch, and Span-
ish in these waters.

Background

European exploration of the Pacific Ocean began
in 1519, when Ferdinand Magellan (1480?-
1521) led his small fleet through the Straits of
Magellan into the reaches of the Pacific. Al-
though Magellan did not live to complete the
voyage, the reports returned by his expedition
whetted the appetites and imaginations of most
major European powers. Sensing the opportuni-
ty to expand colonial and trade empires, Britain,
Spain, and Holland rushed to explore the Pacific
and its neighboring lands.

Oddly absent in this rush was France, who
was concentrating on Continental European
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matters almost to the exclusion of overseas terri-
tories. With the exception of her American
colonies in the Caribbean, Quebec, and
Louisiana, France chose to forgo empire-build-
ing at first.

By the late eighteenth century, it became ob-
vious that this policy was flawed. Spain returned
untold amounts of gold, silver, and gems from
her New World colonies, Britain’s American
colonies gave her a commercial and strategic
foothold in the Western Hemisphere, and the
Dutch colonies and trading centers in the East
Indies were returning huge dividends to Hol-
land. Following the resounding success of James
Cook’s (1728-1779) voyages of discovery, King
Louis XVI realized that France must follow suit
to remain a great power.

In November 1766, Louis-Antoine de
Bougainville (1729-1811) led France’s first ex-
pedition to the Pacific. A veteran of France’s
war against England in Canada, Bougainville
had seen France lose many of her possessions
to the English. Bougainville’s ships passed into
the Pacific in January 1768 and arrived at the
eastern shore of Australia in June of that year,
the first European to do so. He continued on
and returned to France in 1769, the first
French naval captain to successfully complete a
circumnavigation.
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Bougainville was followed by du Fresne,
who, in 1772, made the second French landfall
in Australia, on the island of Tasmania. He was
followed by Yves-Joseph de Kerguelen-Tremarec,
who set forth from France’s base on the Ile de
France (now called Mauritius) in search of the
austral continent. Although Kerguelen did not
find it, another ship in his squadron, separated
in a storm, did proceed on to Australia, claiming
possession of the west coast for the King of
France. Unfortunately, Kerguelen died before
this information could be transmitted to France,
and the claim was not recognized.

The next French expedition into Australian
waters was led by the Comte de la Perouse (aka
Jean de Galaup, 1741-1788?) in 1785. After two
years of exploration, la Perouse left Botany Bay
in March 1788 and was lost at sea. La Perouse’s
disappearance was one of the factors leading to
yet another French expedition to these waters,
this time led by Antoine Raymond Joseph de
Bruni. Bruni and his crew arrived in Tasmania
(then known as Van Dieman’s Land) in April
1792 and spent the next several months chart-
ing the Tasmanian and Australian coasts, while
failing to find any sign of la Perouse.

During his search for la Perouse, Bruni dis-
covered a number of islands and made signifi-
cant progress in mapping the coasts of Tasma-
nia, parts of Australia, and many of the region’s
islands. He did not, however, locate la Perouse,
his crew, or their remains. As it turned out,
Bruni was not only unsuccessful in locating any
trace of la Perouse, but he was also to die of
scurvy before completing his mission and re-
turning to France.

Impact

Bruni’s voyages were part of a larger picture of
French explorations in the Pacific, and their im-
pact must be viewed in that larger context. How-
ever, his work was also important in and of it-
self. For this reason, the impact of his work
alone will be examined, as will how his work fit
into the context of the times.

The most immediate impact of Bruni’s expe-
dition lay in his geographical discoveries. Bruni
visited lands that had been previously unvisited
by Europeans, or that were marginally known.
By constructing accurate maps of their locations,
he provided a service to the French government,
which was interested in laying claim to these is-
lands. In addition, accurate maps were of mili-
tary importance, helping to plan both attacks
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and defense of colonial and military outposts.
And, finally, by showing the locations of newly
discovered islands, Bruni helped future mariners
avoid unpleasant surprises.

In addition to constructing maps of new
coastlines and lands, Bruni maintained records of
weather, ocean currents, prevailing wind direc-
tions, and other oceanographic and meteorologi-
cal information that was turned in to the French
government when his expedition returned to
France. This information was very important to
future mariners because, when combined with
similar records maintained by other captains,
they helped in developing a comprehensive pic-
ture of ocean and weather conditions throughout
the world. This information, in turn, could be
used to help plan trade routes, travel times, lo-
cate military bases, and so forth. In those times,
the oceans were the world’s highways, and the
winds were the engines that drove commercial
and military vessels around the globe. Bruni and
his fellow captains provided the French govern-
ment with information, from which accurate
maps were developed, showing French merchant
and naval vessels how best to navigate the
oceans. Such maps were closely held state secrets
precisely because of the commercial and strategic
advantage they could confer.

In the larger setting, Bruni and his fellow
captains were charged with helping France make
up for lost centuries of exploration. In mounting
an all-out effort to explore uncharted waters, the
French hoped to offset the advantage enjoyed by
the other major powers. Bruni’s part of this effort
was to help explore the Pacific Ocean in the
vicinity of Australia while searching for the miss-
ing la Perouse. Through his efforts, he was able
to help France claim some important territories
in this part of the world, adding to those already
claimed by Bougainville, la Perouse, and others.
Through these territorial possessions, which in-
cluded much of Polynesia, Indochina, and many
of the islands near Australia and New Guinea,
France was able to exercise some degree of mili-
tary prowess in this strategically important part
of the world.

It is also important to recall that, at this
time, the great European powers were in the
process of becoming history’s first truly global
powers—that era’s equivalent of today’s super-
powers. Britain, Holland, and Spain all had terri-
torial possessions in the New World, the Indian
Ocean, and in Southeast Asia. Only France, ar-
guably the strongest European power, lacked
such a far-flung empire. Bruni’s voyage, among
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others, was her attempt to redress this imbalance
of power and to return France to the upper ech-
elons of global political importance.

The South Seas islands, including those in
areas visited by Bruni, were of great interest to
the French philosophers of the day, primarily
because they provided an opportunity to see hu-
manity unencumbered by the trappings of soci-
ety and civilization. At this same time, Jean
Jacques Rousseau had published his treatise on
the inherent nobility of man. Arguing that man
was inherently good and that it was only society
that made men bad, Rousseau speculated about
the “noble savage” that, in the absence of society,
would reveal humanitys true nature. These
philosophers saw the apparently simple cultures
of the South Pacific with their seemingly simple
lifestyles and free sexual activity as confirming
their speculations.

Finally, these discoveries provided France
the opportunity to establish military bases in
precisely those areas from which they could prey
on Dutch, Spanish, and British merchant ship-
ping. Heavily laden merchant vessels bound for
European ports sailed through a handful of
choke points that could be watched by a rela-
tively small number of naval vessels. Seizing
these merchant ships on the high seas not only
hurt France’s enemies, but enriched France at
the same time since the French government
would sell the cargoes at market value.

In short, Bruni’s mission, though it failed
to accomplish the original goal of locating and
(if necessary) rescuing la Perouse’s expedition,
was nonetheless successful in many respects.
As an individual expedition, it returned a great
deal of valuable information about the South
Seas that proved valuable to the French govern-
ment and to French military and commercial
vessels. In addition, in conjunction with infor-
mation returned by other captains, France was
able to compile a better set of information
about ocean and weather conditions through-
out the world, giving her ships added advan-
tage when sailing those waters. Finally, by
claiming lands for France, Bruni and his com-
patriots helped France to establish herself as a
global power as she now owned territories
across the world and, from these territories,
could challenge merchant and military vessels
belonging to the other great powers.

P. ANDREW KARAM
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Excavations at Pompeii and Herculaneum Mark
the First Systematic Study in Archeology

Overview

When Mount Vesuvius erupted in August of A.D.
79, it destroyed Herculaneum and Pompeii, two
lively, bustling Roman cities. The eruption also had
the effect of perfectly preserving that moment of
tragedy, the daily routines of life in classical Italy,
and the structure and art of those ancient cities. Di-
rected by King Charles III of Naples, the initial ex-
cavations of Pompeii and Herculaneum in the
eighteenth century were the first large-scale archae-
ological projects in history. The revolutionary
methods used during the excavation unearthed
enormous historical, architectural, and artistic trea-
sures and formed the basis of the meticulous ap-
proach used in today’s archaeological techniques.
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Background

The volcanic mountain of Vesuvius rises 4,190
feet (1,277 m) above a fertile valley near the Bay
of Naples, once home to a bustling seaport of
the first-century Roman Empire. The original
city of Pompeii was 128 feet (39 m) above sea
level, sitting on a prehistoric lava flow about
4.97 miles (8 km) from Mount Vesuvius. Hercu-
laneum, another village in the region, was less
than 4.35 miles (7 km) from the base of the vol-
cano. In August of A.D 79. Vesuvius belched out
a great plume of smoke, spewing pumice, black
ash, stones, and deadly gases from its crater. The
steam was estimated to be near 750° Fahrenheit,
and with it were hot ash and lethal gasses travel-
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ing 100 mph (161 kph). The poisonous erup-
tion swallowed two towns in its path: Pompeii,
with nearly 20,000 people, and Herculaneum,
10 miles (16 km) west with approximately
5,000 citizens. The eruption, while swift in its
destruction, layered Pompeii in a preserving ma-
terial nearly 25 feet (7.62 m) deep. The first
layer consisted of pumice and lava pebbles. It
was followed by a deep layer of ash, and finally a
layer of fertile soil collected on top of the ash.
Herculaneum was buried even deeper—nearly
65 feet (19.8 m) in places—but frozen under a
hardened rock layer of hot mud lava.

The cities were all but forgotten over the
years, although the texts of some letters,
recording the moment of the eruption, had
lasted through the centuries. Probably influ-
enced by a new interest in these letters and
some allusions to Pompeii and Herculaneum in
ancient art, memory of the towns surfaced in
sixteenth-century Italian maps of the region.
Count Muzio Tittavilla turned up pieces of ru-
ined buildings and wall paintings while irrigat-
ing his land. He notified the architect Domeni-
co Fontana of the finds, but no more investiga-
tion was made. Ancient historians, however,
were intrigued by the finds and resurrected an
interest in Pompeii and Herculaneum in the
early seventeenth century.

In 1709 workmen clearing a well in the re-
gion encountered a wall of the ancient theater of
Herculaneum. Prince D’Elboeuf of Austria, who
had occupied land near the site, heard of the
discovery, bought the land, and hired the diggers
to continue, taking the marble decorations of the
stage and many statures from the theater. More
looting over the years followed, until King
Charles III of Spain was alerted to a tablet dis-
covered in the region. It read Theatrum Hercula-
nensi, leaving no doubt that the ancient city of
Herculaneum lay beneath the site.

Up to this point in history, archeology had
been a historian’s science. Typically, an interested
antiquarian would discover a relic, then guess at
an explanation for its use and existence. These
guesses had formed myths and biblical tales, fu-
eled philosophies, and the led to the creation of
deities. The method was more than inexact as a
recreation of history—it was frequently inaccu-
rate and unreliable. In addition, most people
drawn to excavations in the sixteenth century
were seeking treasure, not historical reenact-
ments. The excavation of Pompeii and Hercula-
neum, however, with the towns’ perfect preser-
vation, was the first to systematically record and
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uncover the treasure of history that lay beneath
the volcanic rock and ash.

Impact

Vases, pieces of buildings, parts of statues, and
fragments of artistic paintings were frequently
discovered on the grounds near and around the
site of Pompeii and Herculaneum. These relics
were turned up during the plowing of fields,
road construction, or digging wells. During the
early 1700s Europe was entering a sort of classi-
cal revival in terms of its architecture, art, and
images, so these finds could bring a hefty price
at the right marketplace. Needless to say, any
“excavation” in the early 1700s was more of a
looting than a scientific endeavor. Several years
after Prince D’Elboeuf plundered the land he
purchased, King Charles III of Bourbon acquired
the site at the skirt of Vesuvius and assigned his
royal engineers to undertake a dig. In 1738 the
workers discovered Herculaneum, and the im-
mense excavation began.

Up until this point, even with the sporadic
looting and treasure hunting, few people knew
exactly where Pompeii and Herculaneum were
located. This was partly because the eruption
had dramatically changed the coastline, so any
previous written geography no longer matched
the 1738 landscape. The discovery of the theater
at Herculaneum placed the city on a map 4.5
miles (7.24 km) southwest of Vesuvius. Now
that Herculaneum was located, the search for the
site of Pompeii was next. Local citizens were fa-
miliar with some remains of an ancient city on a
spur of land near the sea and had referred to it
casually as la civita, or “the city.”

Years previous, in the sixteenth century, res-
idents had found a tablet inscribed with decurio
Pompeiis, but thought it referred to a Roman
statesman. In 1748, however, the workers at the
Herculaneum site, lured by the rumors that la
civita was indeed Pompeii, began digging on the
spur. Soon they uncovered wall paintings, a
skeleton, and coins. The Spanish workers were
ecstatic. The digging here was easier, because
while Herculaneum was a solid mass of lava
rock, Pompeii was a more shallow layered
ground of soft soil and porous ash and pumice.
It wasn’t until 1763, however, when workers
discovered an inscription that included the
name of the city, that they were absolutely cer-
tain their dig site was Pompeii.

The goals during the first excavation were
not entirely noble, however. King Charles was
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An early photograph of the Tempio de Venere ruins in Pompeii. (Corbis Coporation. Reproduced with permission.)

more interested in adding to his personal col-
lection of classical artifacts than analyzing his-
tory. Frescoes were removed from walls, statues
and valuable artifacts were removed without
recording their position in the city, and tunnels
were blasted out with gunpowder to move
things along more quickly. Temples and houses
were ransacked. Foreign dignitaries were
brought in as tourists to witness “miraculous”
discoveries of treasures that had been removed,
then “unearthed” again before the eyes of the
impressed visitor.

In 1755, however, a collection of acade-
mics saw the growing problem in Hercula-
neum and Pompeii and formed a group called
the Academy of Herculaneum to record in de-
tail the findings at the site. Johann Winckel-
mann (1717-1768), a German antiquarian,
was the first to begin a meticulous record of
the objects, placing them in their found loca-
tions, in an attempt to understand the events
that took down the city and analyze the cul-
ture of the ancient lives there. One of the
greatest finds in this early, more academic
stage of the project was the unearthing of a
barracks that served the gladiators of the day.
Diggers headed up the side of the barracks and
encountered nearly 50 skeletons. The bodies
were from all classes of people—evident from
their dress and ornaments—who most likely
huddled in the barracks to escape the invading
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ash and mud. This find was one of the first to
offer a snapshot of the panic of the eruption. It
became one of hundreds of similar scenes that
would define the tragedy of that day in Pom-
peii and Herculaneum.

The unique volcanic quality of the ground in
this region of Italy had preserved many fragile
structures, including wooden beams, furniture,
clothing, and even food. From 1750 to 1764 the
excavation was directed by Karl Weber, a German
engineer. Weber diagrammed the architectural
plans of the ruins while recording and document-
ing the precise location of all found artifacts and
bodies. Famous sites, such as the Villa of the Pa-
pyri, which held a library of papyri, or philosoph-
ical writings, were uncovered during Weber’s di-
rectorship. The sensational findings brought
scholars, royalty, and famous writers, poets, and
artists to the dig sites. The land surrounding
Vesuvius, however, became France’s possession in
1798 under Napoleon, and for many years the
excavations were, once again, more for bounty
than study. Finally, Italy took back her cities in
1860 and hired a man named Giuseppe Fiorelli
(1823-1896) as director of excavations.

Fiorelli took the landmark excavating tech-
niques that started in Pompeii and Herculaneum
in 1738 and made them more scientific. He re-
quired that every piece of architecture be num-
bered, he organized the site into districts, and he
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created a method of duplicating the corpses pre-
served in Herculaneum’ impossible lava rock.
He filled the contours of hollow spaces with
plaster of Paris, then chipped the stone away.
The result was the re-creation of a human body
as it died. The dramatic tragedy was relived in
the images of struggling men, women, children,
and animals, all going about their daily routines
when the eruption occurred.

Fiorellis meticulous technique has
changed little today, and it built on the basic,
although frequently misguided, approach to
the first excavations at the cities of Vesuvius.
The cities themselves are only two-thirds com-
pletely excavated, and new techniques to pre-

The Birth

Overview

Modern mountaineering had its beginnings in the
1700s when humans began to take to the peaks
for reasons of scientific discovery and adventure.
The names of Michel-Gabriel Paccard (1757-
1827), Jacques Balmat (1762-1834), and Horace-
Bénédict de Saussure (1740-1799) and their ini-
tial climbs up the 15,771-ft (4,807 m) tall Mont
Blanc, the highest peak in Europe, are often cited
as the starting point for the present-day sport of
mountaineering, or alpinism. Paccard and Balmat
were the first to the top of the Mont Blanc in
1786. Saussure followed a year later.

Background

The interest in the natural world heightened in
the 1700s as humans began to explore more and
more of Earth, to find new plants and animals,
and to wonder about the science behind their
discoveries. One area of particular interest in-
volved the mountains. At the time, few tall
mountains had been climbed, not only because
the climbs were difficult and dangerous, but be-
cause it was unknown whether humans could
even survive the extreme conditions suspected
at higher altitudes. The numerous legends of evil
spirits who lived among the peaks also kept peo-
ple from exploring the heights.

Human fascination eventually won out over
the fears and potential dangers. As early as 1742
scientists began pointing to Mont Blanc as the
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serve the exact moment of their destruction are
constantly improving.

LOLLY MERRELL
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of Alpinism

highest peak in all of western Europe. While
that designation brought attention to the moun-
tains, it was not until 1760, when Swiss scientist
and mountain explorer Horace Bénédict de
Saussure offered a monetary prize to the first
person who climbed it, that the name of Mont
Blanc gained prominence. Saussure hoped to be
the first to reach the pinnacle, but offered the
prize with the intention of encouraging others to
make the climb as well.

The challenge inspired many to attempt the
summit, but no one was able to find a path to
the top until Paccard and Balmat did in 1786.
The 24-year-old Balmat, described variously as a
peasant, geologist, gem cutter and fur trader,
came across what he felt was a passable path to
the summit in June 1786. His discovery was
serendipitous: after partially ascending the
mountain, he became lost overnight and nearly
died from the cold, but stumbled upon a poten-
tially successful route.

Paccard was a 29-year-old scientist and
physician whose scientific interest in the natural
world prompted his involvement in mountain
exploration. Like Balmat, he was a resident of
Chamonix, the town at the base of Mont Blanc.
Paccard hired Balmat as a porter, and planned
the ascent for August, two months after Balmat
had nearly died on the mountainside.

The two men left town with only walking
sticks on August 7. Following Balmat’s path
across snowy slopes and precipitous crevasses,
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Mont Blanc. (Corbis Corporation. Reproduced with permission.)

they climbed the mountain. At least one observ-
er from the town used a telescope to follow the
men, recording their successful attainment of
the apex at 6:23 pM. on August 8. True to his
scientific inclination, Paccard took various mea-
surements on the summit before he and Balmat
made the return trip. They were back in Cha-
monix by the following day Paccard, who
climbed the mountain to satisfy scientific curios-
ity rather than for monetary gain, sent Balmat to
Saussure in Geneva to pick up and keep the
prize money.

Despite the apparent generosity on the part of
Paccard, Balmat spread tales that he did most of
the work, reached the summit first, and then had
to backtrack and literally drag Paccard on the last
leg of the journey to the top. Paccard’s reputation
was also damaged by a jealous mountain-climber
named Marc-Théodore Bourrit and by Alexandre
Dumas, author of The Three Musketeers, who both
published stories about Paccard based on Balmat’s
self-serving accounts. More than a century after
the deaths of Paccard and Balmat historians found
documents written by Balmat that gave Paccard
due credit, noting that Paccard made the journey
under his own power and inferring that Paccard
may actually have been the first of the two men to
reach the summit of Mont Blanc.

The successful ascent of Paccard and Balmat
spurred Saussure to put together a large climbing
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team and attempt Mont Blanc the following year.
When he reached the top, Saussure conducted
numerous scientific studies during a four-hour
period. A highly respected and wealthy scientist,
Saussure garnered considerable public attention
for his successful climb and his ensuing pub-
lished chronicle of the journey.

Impact

As the first to reach the summit of Mont Blanc,
Balmat and Paccard’s ascent was significant.
However, the true impact of their effort was real-
ized through Saussure’s climb a year later. Saus-
sure’s status as an aristocrat and respected scien-
tist ensured that word would quickly spread
about the conquest of Mont Blanc, and moun-
taineering soon became an exciting new sport.

Alpinism grew in popularity. People began
to climb mountains not for scientific reasons but
for the adventure of being the first to reach a
new summit. Others did not care to be first, but
instead sought merely to climb. By the mid-
1800s French and Swiss guides were leading
mountaineers by established routes to peaks
throughout Europe. The sport of mountaineer-
ing received a monumental boost in 1865 when
the alpine team of English artist Edward Whym-
per (1840-1911) made the first successful climb
of the 14,692-ft (4,478 m) tall Matterhorn on
July 14, 1865. After this great ascent in Europe,
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mountaineers began to look for new challenges
on already climbed mountains by seeking more
difficult lines of ascent. Saussure, Balmat and
Paccard, for instance, had climbed the less se-
vere slope of Mont Blanc’s north face, but later
climbers began to consider and attempt the
steep and often ice-covered east, or “Brenva,”
face, and the even steeper south face with its
1,500-ft (457 m) tall pillars of rock.

Mountaineers also turned their sights on
more exotic lands. From 1895 to 1900 climbers
reached the highest summit of the South Ameri-
can Andes, the 22,834-ft (6,960 m) Aconcagua,
the top of the 13,766-ft (4,196 m) Grand Teton in
the Rocky Mountains; and the heights of Mount
St. Elias, an 18,009-ft (5,489 m) mountain that
borders Alaska and Canada. An American climb-
ing team in 1913 triumphed over Mount McKin-
ley, which, at 20,320 feet (6,194 m), is the tallest
mountain in North American.

Many mountaineers became fixated with the
soaring heights of the Himalayan chain in the
early- to mid-1900s. In 1933 a Soviet group as-
cended a 24,590-ft (7,495 m) peak, and three
years later an English team pressed to a 25,643-ft
(7,816 m) peak in the Himalayas. Climbing con-
tinued—and altitudes increased—following
World War II. By 1955 mountaineers had reached
peaks of more than 28,000 feet (8,534 m). For
many, the last remaining challenge was Mount
Everest, the 29,028-ft (8,848 m) Himalayan be-
hemoth. A New Zealand team, led by Edmund
Hillary (1919- ) and Tenzing Norgay (1914-
1986), reached its summit on May 29, 1953.

Since its humble beginnings, when Paccard
and Balmat struck out with walking sticks to
climb the tallest peak in western Europe, moun-
taineering has gone through major changes. One

of the first was the use of veteran guides to lead
parties to the summits. Mountaineers also began
to develop and use simple climbing aids, such as
rope and ice picks. More advanced gear, includ-
ing anchors, pitons, and specialized footgear, es-
pecially crampons, made it possible to climb for-
merly insurmountable obstacles, even sheer rock
faces such as El Capitan in the North American
Sierra Nevada mountain chain.

The earliest climbers made their ascent with
simple means and for basic purposes: to learn
whether humans could survive high altitudes
and to gain a greater understanding of the work-
ings of nature. They accomplished both, and
along the way also established alpinism as a
sport that now draws tens of thousands of en-
thusiasts every year.

LESLIE A. MERTZ
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John Frere Discovers
Prehistoric Tools in England

Overview

John Frere (1740-1807) was an English
landowner with a modest political career and
enough of an interest in archaeology to join the
London-based Society of Antiquaries. He discov-
ered a group of chipped-flint objects in a brick-
earth quarry near Hoxne in 1790, and described
them in a June 1797 letter to the Society as
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“weapons of war, fabricated and used by a peo-
ple who had not the use of metals.” What made
the tools remarkable, first to Frere and later to
others, was that they lay beneath 12 feet (3.66
m) of undisturbed soil and gravel, below (and
thus older than) a sand layer containing shells
that appeared to be marine and the bones of a
large, apparently extinct mammal. Frere con-
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Prehistoric flint tools. (Corbis Corporation. Reproduced with permission.)

cluded that the tools and their unknown makers
belonged to a time long before humans were
thought to have existed. Frere’s interpretation of
the stone tools challenged current ideas about of
the early history of the human race and set the
stage for the evolution of a new understanding
over the next 60 years.

Background

Frere’s letter to the Society of Antiquaries, read
before the society in 1797 and published in the
1800 issue of its journal, was hardly an intellec-
tual bolt from the blue. It presented revolution-
ary interpretations but rooted them in well-es-
tablished, widely accepted scientific principles.

Frere could, for example, assume that his
readers would readily agree that the objects he
found were stone tools, shaped by human
hands. The decline of Platonic and Aristotelian
ideas during the seventeenth century had put
an end to the once-popular belief that such ob-
jects were formed, where they lay, by the “gen-
erative powers” of Earth itself. It made far more
sense, within the mechanical view of nature
popularized by René Descartes (1596-1650)
and Isaac Newton (1642-1727), to conclude
that objects that looked like stone axe heads
were just that. The human origins of such ob-
jects were, by Frere’s day, regarded as self-evi-
dent. Frere knew that he could display a picture
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of one, call it a human artifact, and go on to
more complex issues.

Frere could also assume his readers’” accep-
tance of the idea that the oldest layers of sedi-
ment in the sequence he described would be at
the bottom and the youngest at the top. That
premise, too, was an idea from the late seven-
teenth century that scientists of the late eigh-
teenth century regarded as axiomatic. First for-
mulated by Danish clergyman-scientist Niels
Stensen (1638-1686), the “law of superposition”
was originally used as a tool for understanding
the relative ages of rock formations. By Frere’s
time, it was also being used by paleontologists to
determine the relative ages of fossils. Frere
could, once again, allow his chain of reasoning
to remain implicit, knowing that his audience
would understand it. He could simply assert,
without further explanation, that the tools must
be older than the shells and bones in the bed of
sand above them.

Frere could, finally, assume his readers’ be-
lief in an old Earth that had undergone both ge-
ological and biological changes since its origin.
European scholars had, as late as the late seven-
teenth century, maintained that the human race
was 6,000 years old (a figure deduced from Old
Testament genealogies) and Earth (based on a
literal reading of Genesis) only days older. This
view of a young Earth created in essentially its
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modern form slowly crumbled, however, over
the course of the eighteenth century. Geological
and paleontological evidence for a long, eventful
Earth history accumulated steadily, and liberal
interpreters of scripture suggested that Genesis
should be read as poetic metaphor rather than
detailed reportage. The consensus that emerged
by Frere’s day gave Earth itself a long history in
which its flora, fauna, and landscape had
changed radically and perhaps repeatedly. It
continued, however, to assign the human race
an age of about 6,000 years. It was this durable
belief that, Frere believed, the discoveries at
Hoxne called into question.

Impact

Frere’s letter sank without a trace in the sea of
turn-of-the-century archaeological literature,
generating little excitement either at its 1797
reading or its 1800 publication. The letter’s
long-term conceptual impact, on the other
hand, was enormous. It introduced revolution-
ary ideas that were elaborated and reinforced by
others over the next six decades until, in the
early 1860s, they became the foundations of the
new field of prehistoric archaeology.

Frere’s letter made two substantive claims.
The first, that the tools had been made by “a
people who had not the use of metals,” reflected
the general consensus of eighteenth-century ar-
chaeologists that nobody capable of working
metals would make tools of stone. The concep-
tual revolution that Frere set in motion lay in the
second claim: that the tools and their makers be-
longed to “a very remote period indeed, even be-
yond that of the present world.” Frere’s readers
would have understood “beyond ... the present
world” to mean “before Earth’s flora, fauna, and
landscape looked the way they do now.” That
claim challenged the established archaeological
ideas of the time in three important ways:
methodological, chronological, and religious.

Eighteenth-century archaeology centered
around the collection of beautiful, striking ob-
jects and the interpretation of written inscrip-
tions. Archaeologists tended, as a result, to pay
far closer attention to the remains of advanced
urban civilizations (the Greeks, the Romans,
and, beginning at the end of the eighteenth cen-
tury, the Egyptians) than to those of less sophis-
ticated “barbarian” societies. This preference was
partly aesthetic and partly practical. Urban civi-
lizations produced more interesting, more
durable, and more attractive artifacts, but the
fact that they were nearly always literate meant
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that a wealth of information about their politics,
economic trends, and religious beliefs could be
found in their writings. Understanding anything
about a society incapable of recording its
thoughts in writing seemed, by comparison, a
hopeless and unrewarding task.

Frere’s analysis of the Hoxne site suggested
a radically different approach to archaeology.
Taking the illiteracy of the toolmakers as a given,
he inferred what he could from the tools them-
selves and from their geological and paleonto-
logical context. The information he gleaned by
these methods—a rough sense of the toolmak-
ers’ relative age and a few glimpses of their cul-
ture—were trivial compared to what a classicist
could wring from a single Roman inscription. By
doing it, however, Frere showed that archaeolo-
gy could ally itself with geology and paleontol-
ogy as well as the old classical disciplines of
Greek, Latin, and ancient history. That new al-
liance would, in time, become a defining feature
of prehistoric archaeology.

Eighteenth-century archaeologists’ focus on
literate urban civilizations meant that their study
of Western Europe effectively began with the Ro-
mans. They acknowledged the existence of pre-
Roman peoples but paid little attention to them.
In Britain archaeologists’ understanding of the
pre-Roman “Celtic Period” was a patchwork
quilt of disconnected facts: snatches of descrip-
tion from Roman writers’ accounts of conquest,
catalogs of burial mounds and artifacts, and
speculations on mysterious stone structures. In-
formation as basic as the extent and internal
chronology of the period remained a mystery,
and discussions of the Ancient Britons’ lives and
culture often owed as much to fantasy as to fact.
Few archaeologists found this level of uncertain-
ty troubling. Absent evidence to the contrary,
most assumed that the Celtic Period had been a
brief, unimportant prelude to the culturally di-
verse Roman, Saxon, and Norman eras that fol-
lowed it.

Frere’s conclusions about the Hoxne site
suggested a very different picture. The stone
tools he described belonged to a people far less
advanced than those who fell before the Roman
legions. Frere had, moreover, placed the tools
and toolmakers from Hoxne much further back
in time than the Celtic Period had ever been
thought to extend. Frere, in his brief letter, im-
plied that the pre-Roman history of Britain
(“prehistory,” a more concise and versatile term,
would not be coined until 1851) was longer and
more culturally diverse than his colleagues had
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supposed. This revised chronology encour-
aged—even demanded—closer and more rigor-
ous study of Britain’s pre-Roman inhabitants.

The religious implications of Frere’s argu-
ments were more abstract than the chronological
and methodological ones but carried more cul-
tural freight. The belief that Earth’s flora, fauna,
and landscape were created specifically for hu-
mans had a long history and a central place in
Judeo-Christian thought. It reinforced ideas
about human uniqueness, human dominion
over nature, and the providential nature of God’s
design of the natural world. Its power was such
that it was reinterpreted, rather than discarded,
as scientists’ ideas about Earth history changed.
Seventeenth-century scientists argued that Earth
was only days older than its human inhabitants
because, created for human use, it served no
purpose standing empty. Eighteenth-century sci-
entists, who saw the human era as the last brief
segment of Earth’s long history, argued that the
first humans did not appear until Earth had
taken on its modern, “finished” form and was
ready to receive them. Frere’s placement of his
toolmakers on an Earth not yet in its modern
form (and so “unfinished”) demanded, if taken
seriously, that the venerable old idea be
rethought once again.

John Frere did not single-handedly overturn
the prevailing belief that humans were little
more than 6,000 years old. Nor did he single-
handedly create the discipline of prehistoric ar-
chaeology. He set both processes in motion,
however, by approaching familiar data from a

novel perspective. By doing so, he established a
line of thought and investigation that reached a
climax 60 years later. The belief that humans
had lived “beyond ... the present world” was es-
tablished beyond reasonable scientific doubt in
1859, and the new field of prehistoric archaeolo-
gy came into its own by 1865. Both had their
roots in Frere’s willingness, in 1797, to reexam-
ine old assumptions.

A. BOWDOIN VAN RIPER
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John Byron’s Record-Setting
Circumnavigation on the Dolphin

Overview

In 1764, John Byron (1723-1786) left England
in command of a two-ship expedition to circle
the globe. He returned slightly less than two
years later, having set a record for the fastest cir-
cumnavigation to date, and the first commander
to circle the globe without losing a ship. While
Byron did not accomplish some of his goals of
locating new territories for Britain (with the ex-
ception of laying claim to the Falkland Islands),
he did help to set a standard for both speed and
safety on such an epic voyage.
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Background

Contrary to popular legend, the world had been
known to be spherical since the time of the an-
cient Greeks. Christopher Columbus’s (1451-
1506) achievement lay not in “proving” the
world to be round, but in being the first to try to
exploit this fact in attempting a faster route to
the Far East. In fact, Columbus erred greatly in
his calculations and, were it not for the unex-
pected presence of the Americas, his crew would
almost certainly have perished trying to reach
the Orient.
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In spite of the long-standing knowledge of
the Earth’s shape, nobody attempted to circum-
navigate it until Ferdinand Magellan’s (1480?-
1521) lieutenant, Juan Sebastian d’Elcano
(14762-1526), returned in command of Magel-
lan’s remaining ship in 1522 (Magellan, of
course, was killed during the voyage and failed
to complete the journey). Following this feat,
the next circumnavigation was accomplished by
Sir Francis Drake (1540?-1596) almost 60 years
later, and others followed.

Each time a circumnavigation was complet-
ed, the sponsoring nation gained territories,
prestige, and possible military or trade advan-
tages over its rivals. In the nearly continual state
of war and conflict that characterized Europe in
the sixteenth, seventeenth, and eighteenth cen-
turies, such advantages were seen as vital to the
national interests of the great powers of Britain,
France, Holland, and Spain.

Of increasing importance during these cen-
turies were the trade routes to the Orient.
Spices, silk, porcelain, tea, and other commodi-
ties were the foundation of great wealth, and all
nations were avidly seeking gold, silver, and
gemstones to help fill their treasuries. Trade
routes helped ships bring these good to the
mother countries, and military outposts were
needed as bases to help protect the cargo vessels,
which made rich prizes for any attacking nation.
Because of this, many voyages of exploration
and discovery had multiple goals: to locate new
trading partners, to gather information about
wind, weather, and ocean conditions that could
help ships to reach their destinations more
quickly and safely, and to scout for likely mili-
tary bases at which ships could be stationed to
help escort merchant vessels safely to and from
their destinations. It was on such a mission that
the Dolphin departed England in July 1764.

The expedition, under the command of
John Byron (grandfather to the poet), was
charged with exploring the Pacific Ocean in
order to help Britain gain and maintain an ad-
vantage over her Continental rivals. On his way
across the Atlantic, Byron laid claim to the Falk-
land Islands for Britain, apparently unaware that
they had already been claimed by the French-
man Louis-Antoine de Bougainville (1729-
1811). Rounding the tip of South America, he
continued into the Pacific, but here he apparent-
ly either decided to disregard his orders or he
was simply unlucky. In any event, he managed
to cross the Pacific in the latitude of the trade
winds, and did so without discovering any lands
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of interest. However, his long, uninterrupted
stretch of steady sailing gave him the fastest
crossing of the Pacific to date. He then turned
his attention to returning home by the fastest
route, reaching England again only 22 months
after his departure. A few months later, Dolphin
was outfitted for another circumnavigation, be-
coming the first vessel to complete this arduous
journey twice.

Impact

Previous circumnavigations had all taken longer,
and had lost ships and men. In fact, both Magel-
lan and Drake set forth on their circumnaviga-
tions only accidentally, when pursuit by enemy
vessels made any other return home impractical
or unsafe. By comparison, Byron set forth with
the express intent of circling the globe. However,
in addition to his record-setting pace, Byron’s ex-
pedition was the first to complete this voyage
without losing a ship. By comparison, Magellan
left with five ships and 265 men and returned
with 18 men manning a single ship. Perhaps the
single worst trip to have been on, however,
would have been the ill-fated expedition led by
George Anson (1697-1762) between 1739 and
1744. Anson left port with a total of 1,939 men,
only 500 of whom survived the five-year voyage.

Although Byron’s voyage did not result in
discovery of many new lands for England and
was not nearly so successful as the later voyages
of James Cook (1728-1779), it was not without
accomplishment. In particular, England gained
some national pride from hosting such a rapid
and safe voyage of this magnitude, and the Royal
Navy gained some degree of acclaim through
this accomplishment. In addition, by sailing
with the trade winds so rapidly across the largest
ocean on Earth, Byron helped to show the value
of these routes. The trade winds had been
known for some time; what was not known was
that they were so constant over this vast expanse
of water. Finally, Byron set the standard for fu-
ture circumnavigations.

In fact, Byron’s mission was inspired by a
French writer, who urged the French govern-
ment to send expeditions to claim lands for
French bases, to help protect French merchant
ships, and to trade in the Orient. However, the
French government failed to act on this advice,
leaving these seas to the English. Although Byron
discovered nothing of importance in his voyage,
he gave Britain valuable insights into the rigors of
long-duration sea journeys—insights that were
to prove valuable in future expeditions.
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In addition, by showing that a British ship
could successfully circle the globe so rapidly, the
navy and the nation gained a sense of pride in
their accomplishment. The added fact that
Byron did not lose a single vessel was even bet-
ter. In a sense, after the Dolphin and Tamar re-
turned to Britain, there was the realization that
voyages of such length, while still hazardous,
could now be treated as “just” another voyage,
albeit one of great length. This helped to mark
the end of the romance of seaborne exploration
and the start of the practical business of far-flung
commercial and naval enterprises.

Byron also helped increase knowledge of the
trade winds in the Pacific. Trade winds, the steady
winds that typically blow from east to west in low
latitudes (i.e., near the equator), were the global
superhighways in the age of sail. By descending to
the latitudes in which they blew, a ship could sail
for weeks across the Pacific without adjusting its
sails or rudder significantly. With steady winds
and a known distance to sail, voyages began to
become more predictable, and sailing became
somewhat more scientific.

This increase in scientific knowledge of the
Pacific and its winds, in turn, helped the
British to better understand the oceans upon
which their nation depended for its commercial
wealth and military strength. As with merchant
vessels, it was a great help to a naval captain to
know how long a voyage might last, and how
to cut that time to the bare minimum necessary.
With this knowledge, he could better plan his

supply of food and water, for example, to en-
sure that his men did not starve while, at the
same time, taking the greatest amount of cargo,
guns, or passengers possible. Although much
of this information became superfluous once
the age of sail had passed, it was vitally impor-
tant at the time, and failure to understand wind
patterns or crossing times could (and did) re-
sult in the loss of ships, lives, and cargo on a
regular basis.

The last legacy of Byron’s journey was the
standard he set for both speed and safety while
circling the world. Future such expeditions
would be judged by their speed and the number
of ships lost as well as by the amount of infor-
mation returned by the ship at voyage’s end.

All in all, Byron’s voyage was not successful
in the manner planned when he departed. He
claimed only minor territories for Britain, and
discovered no new lands of any significance to
add to Britain’s overseas possessions. However,
he did help to break new ground in finding a
fast and relatively safe route across the expanse
of the Pacific Ocean by making full use of the
trade winds, and he helped set a high standard
for future voyages.

P. ANDREW KARAM
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The Origin of Human Flight

Overview

For centuries humans dreamed of flying. The
ancient Greek myth of Icarus, killed attempting
to fly when the wax on his artificial wings melt-
ed, was an early expression of this desire. This
myth also reflected the realization that human
flight would be difficult, perhaps impossible. Yet
the dream persisted. Writers who speculated
about future societies often included controlled
human flight in their utopian fiction. Cyrano de
Bergerac (1619-1655) described interplanetary
journeys in several of his stories, while Jonathan
Swift (1667-1745) made a huge flying island the
focus of the third voyage in Gulliver’s Travels.
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Medieval and renaissance scholars Roger Bacon
(1220?-1292) and Leonardo da Vinci (1452-
1519) speculated on the possibility of human
flight. Da Vinci even designed a heavier-than-air
machine and a parachute. But human flight re-
mained unachieved until 1783.

Background

By the seventeenth century, scientists realized
the earth was surrounded by heavy gas. They as-
sumed that this ocean of air could be navigated,
just as ships sailed across water. Various devices
were invented to achieve flight, such as artificial
wings and crafts relying on muscle power. The
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repeated failures of these devices led to investi-
gations of lighter-than-air balloons. This deci-
sion now seems mistaken, since heavier-than-air
craft are clearly superior to lighter-than-air ves-
sels in terms of carrying capacity and control.
But the paucity of aerodynamic knowledge and
the lack of an adequate engine gave eighteenth-
century inventors no choice in the matter.

Three developments in the eighteenth cen-
tury made human flight possible. The first was
when the English scientist Henry Cavendish
(1731-1810) discovered hydrogen in 1766. He
found that iron placed in a dilute solution of sul-
furic acid produced a gas fourteen times lighter
than air. Because it was so combustible, it was
called “inflammable air.” One problem of using
hydrogen in terms of flight was that it easily
seeped through cloth and so apparently could
not be contained in lightweight materials. It was
also expensive to make on a large scale and it
was very dangerous; a spark of static electricity
could set it on fire.

The second eighteenth-century condition
that led to human flight was not scientific, but
rather social in nature. Middle-class men began
taking a great interest in science. In part, this
was a result of the growing application of sci-
ence to the industries owned by the middle
classes. Interest in science was also an indication
of higher social status. Pursuing scientific exper-
iments, even as a dilettante, was evidence that
an individual possessed the leisure time and in-
come necessary for such pursuits. It was no acci-
dent that the men most responsible for the early
development of human flight were middle-class
scientific amateurs.

A final factor leading to successful human
flight was the influence of the enlightenment, an
eighteenth-century intellectual movement based
on the belief that if reason and scientific inquiry
were applied to physical and social conditions,
the laws governing those conditions could be
discovered. Following these laws would lead to
unlimited progress. This faith in progress was
very strong in France, especially after the publi-
cation of Denis Diderot’s (1713-1784) Ency-
clopédie, a summary of the scientific and techno-
logical advances of the century. It created an op-
timistic belief that the riddle of human flight
could be solved.

Impact

The first major step toward human flight oc-
curred on June 4, 1783, when Joseph (1740-
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1810) and Etienne (1745-1799) Montgolfier
made a public scientific demonstration in the
main square of Annonay, a small town in south-
ern France near Lyon. They inflated a 35-foot
(10.7-m) paper-covered cloth globe, which
floated upward about 6,000 feet (1,829 m) and
landed a mile and a half (2.4 km) away. Al-
though it carried no passengers, the Mont-
golfiers had succeeded in achieving the first
large-scale balloon voyage in history, bringing
human flight much closer to reality.

The Montgolfier brothers were middle-class
businessmen, not scientists. Their father was a
wealthy paper manufacturer who supported his
sons’ scientific dabblings. They became interest-
ed in the problems of flight in 1782. Their ex-
periments with silk and paper models led them
to conclude that hydrogen could not be con-
tained long enough to permit flight. But they did
discover that heated air became sufficiently rar-
efied (less dense) to lift a balloon and it did not
diffuse through its cover. They erroneously be-
lieved that the smoke of the fire, not the heated
air, provided the lifting power and spent weeks
experimenting with different types of fuel to get
the “ideal smoke,” eventually settling on a mix-
ture of wet straw and wool. So two scientific am-
ateurs had inadvertently provided a solution to
the problem of lifting a heavy craft off the
ground for an extended period of time.

The Montgolfiers immediately notified the
scientific establishment of their success and Eti-
enne went to Paris seeking a grant to cover their
expenses. The family also hoped their fame
would result in lucrative government contracts
for their paper business. News of their success
galvanized the capital. A popular science lectur-
er, Jacques-Alexandre-César Charles (1746-
1823) decided to compete with the Montgolfiers
in an effort to be the first to achieve human
flight. Assisted by two clever instrument makers,
the brothers A.J. and M.N. Robert, Charles set
out to make a workable hydrogen balloon.

Charles and the Roberts succeeded in mak-
ing enough hydrogen for an unmanned flight
from Paris on August 27, 1783, although they
needed half a ton of iron filings, a quarter of a
ton of acid, and several days to do so. They also
managed to make a leak-proof sack of taffeta
covered with a rubberized paint to hold the gas.
Charles’s other contributions to the develop-
ment of hydrogen balloons are equally impor-
tant: the valve line to release gas allowing im-
mediate descent (in a hot air balloon, descent
occurs only when the air cools); the “appendix”
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First human flight in a Montgolfier balloon. (Corbis Corporation. Reproduced with permission.)

(an opening through which gas expanding at
higher altitudes can automatically escape before
bursting the balloon); the use of bags of sand
for ballast and of a grapnel (anchor) to aid in
landing; the “nacelle” or gondola (a wicker bas-
ket suspended beneath the balloon).

A few weeks later, Etienne Montgolfier
launched a hot air balloon from Versailles with
Louis XVI and his court in attendance. It carried
aloft a rooster, duck, and sheep and all three
survived, making human flight the next logical
step. There were now two successful techniques
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of ascending, one physical and one chemical: a
balloon utilizing the Montgolfiers’ method of re-
lying on heated air would be called a mont-
golfiere, while a balloon using a gas different
from air would be labeled a charliere. In 1783
the Montgolfiers’ method was the simplest and
cheapest; Etienne only needed 90 pounds (40.8
kg) of straw and wool in the Versailles flight to
lift a load of 1,000 pounds (454 kg). Its disad-
vantages for human flight were that a mont-
golfiere could not rise as high as a hydrogen bal-
loon, its fire needed constant tending, and it
could not descend as quickly or safely.

Etienne won the race for the first human
flight in an untethered, freed balloon. On No-
vember 21, 1783, a montgolfiere carrying two
men ascended from the Bois de Boulogne and
flew over Paris for about 20 minutes. The two
passengers were Jean Francois Pilatre de Rozier
(1757-1785) and Francois Laurent, marquis
d’Arlandes (1742-1809). They were the first
aeronauts, and the first humans to ride freely in
the air. It was d’Arlandes’s only ascent; Etienne
Montgolfier himself never ascended in an un-
tethered balloon. On December 1, 1783, Charles
and the older Robert brother ascended from the
Tuileries in Paris in a new charliere. By now a
balloon mania had seized Paris and half the pop-
ulation of the city turned out for the flight.
Charles and Robert flew for over 2 hours and
covered 25 miles (40 km). After landing,
Charles took off again in historys first solo
flight. He reached 10,000 feet (3,048 m) when
the cold drove him back to earth. Although this
was Charles’s only flight, he proved that there
was a height barrier to balloon flights. He also
showed that hydrogen balloons were far superi-
or in range (both distance and height) to hot air
balloons. In addition, landings usually destroyed
montgolfieres, while the smaller and more
durable charlieres could be used repeatedly. As
soon as cheaper and quicker means to manufac-
ture hydrogen were developed, the montgolfieres
became quite scarce.

Meanwhile, Joseph Montgolfier was in Lyon
constructing a monster balloon to carry multiple
passengers. On January 19, 1784, he and six
other men made a successful ascent, his first and
last. On June 4, 1784, a Madame Thible made
the first free flight by a woman when she and a
male companion ascended in a montgolfiere from
Lyon. Another aeronautic milestone was reached
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on January 7, 1785, when a Frenchman named
Jean Pierre Blanchard (1753-1809) flew from
England to France in history’s first overseas
flight. Pilatre de Rozier tried to cross the English
Channel in the other direction on June 15,
1785, but his balloon caught fire and he was
killed. Thus, the first man to fly was also the first
to be killed in an aerial accident.

After de Rozier’s death, advances in balloon-
ing slowed considerably. Although observers
from a tethered balloon helped the French win
the battle of Fleurus in 1794, it was not until the
American Civil War that balloon observations
took on military significance. Nor were any sci-
entific advances achieved through flight in the
next half-century. The inability to control the
flight direction of a balloon reduced it to purely
entertainment uses throughout the early nine-
teenth century. No fair or civic celebration was
complete without a balloon ascent, with acrobats
performing dangerous stunts high above the sen-
sation-seeking public; a parachute descent usual-
ly ended the show. After the first night ascent in
Paris on June 18, 1786, fireworks set off from
balloons became common (and risky because of
the hydrogen). Samuel Johnson’s (1709-1784)
remark about balloons remained accurate: “In
amusement, mere amusement, I am afraid it
must end, for I do not find that its course can be
directed so that it shall serve any useful purpose
in communication.” Even famous nineteenth-
century aeronauts such as Gaston Tissandier
(1843-1899) realized the future of flight lay in
the development of heavier-than-air machines.

ROBERT HENDRICK
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The Rosetta Stone Is Discovered by
Napoleonic Soldiers

Overview

The Rosetta Stone was discovered in 1799 by a
member of Napoleons Egyptian expeditionary
force. The Stone is a stela fragment carved dur-
ing the reign of Ptolemy V (205-180 B.C.) and is
inscribed in two different languages with three
different scripts—hieroglyphic, demotic, and
Greek. The importance of this artifact as a po-
tential key for deciphering hieroglyphics was
immediately recognized and then confirmed
when a translation of the Greek established that
the other two scripts contained the same mes-
sage. News of the discovery created a sensation,
spawning renewed efforts at decipherment that
culminated in the stunning success of Jean-
Francois Champollion (1790-1832).

Background

Discovery of the Rosetta Stone removed one of
the three principal impediments to progress in
deciphering hieroglyphics—Ilack of a bilingual
inscription. Others were the nonexistence of a
large corpus of accurately copied inscriptions
and the false belief that hieroglyphics were essen-
tially symbolic. The orthography of hieroglyphics
was partly responsible for the latter view, its pic-
torial nature helping to disguise the fact that it
encodes the spoken language of ancient Egypt.

The first hieroglyphic inscriptions date to the
beginnings of Pharaonic Egypt (c. 3300 B.C.). The
script evolved from about 700 characters during
the Old Kingdom (2705-2250 B.C.) to over 6000
during the Ptolemaic period (332-30 B.C.). The
gradual infusion of Hellenism throughout the
Ptolemaic period coupled with the Roman con-
quest (30 B.c.) and subsequent infusion of Chris-
tianity slowly eroded Pharaonic culture. Writing
of the native language in hieroglyphic and hierac-
tic (a simpler, cursive form of hieroglyphics) was
gradually replaced until by 250 B.cC. only demotic
(a popular form of hieroglyphics) remained in
general use. This lasted until the fifth century
A.D., after which Coptic (a script composed of the
Greek alphabet supplemented by seven demotic
characters) enjoyed a period of ascendancy before
the Arab conquest in 641. The last hieroglyphs
were carved in 394, but by this time priestly se-
crecy and a heavy veneer of mysticism served to
obscure the script’s true meaning.
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The European Renaissance witnessed a
reawakening of interest in Egypt as classical and
Greco-Roman works were rediscovered. Authors
such as Herodotus, Strabo, and Plutarch had
written of the esoteric nature of Egyptian knowl-
edge, and Neoplatonists such as Plotinus, Por-
phyry, and lamblichus developed these themes
while focusing on the symbolic nature of hiero-
glyphics, maintaining that they recorded pure
moral and philosophical ideas unfiltered by lan-
guage. Greatly influenced by such works, Re-
naissance efforts at decipherment devolved into
attempts to explain the mystical significance of
hieroglyphics rather than reading them.

From the late seventeenth century on the
number of scholars visiting Egypt gradually in-
creased. The antiquities they collected and their
writings greatly facilitated the study of ancient
Egypt and hieroglyphics. Modern Egyptology,
though, begins with Napoleon Bonaparte’s
(1769-1821) Egyptian Campaign (1798-1801).
In addition to the expedition’s political and mili-
tary objectives, Napoleon wished to recover
Egypts lost wisdom. Consequently, over 150 sci-
entists, scholars, and artists disembarked with
the invasion fleet. After his victory at the battle
of the Pyramids (1798), Napoleon established
the Institut d’Egypte in Cairo, from where the
French savants were to explore and report on all
aspects of Egyptian culture. The culmination of
their work was published in the monumental
Description de PEgypte (1809-22).

The expedition’s most memorable discovery
was made by the army in July 1799. During con-
struction of Fort St. Julien at port el-Rashid (an-
cient Rosetta) in the Nile Delta, engineering offi-
cer Pierre-Francois Xavier Bouchard (1772-1832)
uncovered an irregularly shaped, dark-gray slab
that he immediately identified as a stela fragment
inscribed with three different scripts. When trans-
lation of the Greek established that the other two
scripts recorded the same message, news of what
might be the key to unraveling the mystery of hi-
eroglyphics quickly spread.

Impact

Many copies of the inscription and casts of the
fragment were quickly made and distributed.
Copies reached Paris in the fall of 1800, but
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when the French surrendered to the British in
Egypt in 1801, the Rosetta Stone passed into
British hands and was officially donated to the
British Museum in June 1802.

That same year important contributions to
unlocking the secret of hieroglyphics were made
by the French orientalist Silvestre de Sacy
(1758-1838) and the Swedish diplomat Johan
David Akerblad (1763-1819). Sacy decided to
ignore the Rosetta Stone’s hieroglyphic inscrip-
tion and concentrate on the more complete de-
motic. He succeeded in locating some of the
proper names, but his analysis of the individual
signs and transliterations were incorrect.
Akerblad had more success. In an open letter to
Sacy, he showed that proper names and foreign
words were written phonetically in demotic, al-
though he incorrectly assumed demotic to be
primarily alphabetic.

Coptic scholarship also proved of fundamen-
tal importance in deciphering hieroglyphics.
Pietro della Valle (1586-1652) and others had un-
covered many Coptic manuscripts during the sev-
enteenth century. Based on his study of them,
Athanasius Kircher (1602-1680) had claimed
Coptic was the language of ancient Egypt. In his
letter to Sacy, Akerblad identified important as-
pects of the Rosetta Stone’s demotic and correlated
them with their Coptic equivalents. In 1808 Sacy
refined Kirchers claim by suggesting Coptic gram-
mar preserved something of the grammar of hiero-
glyphics, a fact later exploited by Champollion.
None of this, however, challenged the false belief
that hieroglyphics were essentially symbolic.

The next significant step toward decipher-
ment was taken by Sacy in 1811. In ideographic
languages such as Chinese, there is a difficulty
rendering proper names. One of Sacy’ students
first introduced the idea that foreign words and
names were written phonetically in Chinese using
standard characters appropriately marked to dis-
tinguish phonetic usage. Additionally, it previous-
ly had been suggested by Abbé Jean-Jacques
Barthélemy (1716-1795) that the oval-shaped
cartouches—essentially ovals with hieroglyphs
inside them—in hieroglyphic texts might contain
the names of kings or gods (1761). From these
facts Sacy conjectured that cartouches encircled
hieroglyphs that were employed phonetically.
Though incorrect, Sacy’s suggestion provided the
framework under which all work on hieroglyphs
proceeded over the next ten years and played a
central role in Champollions first solution.

Further steps towards decipherment were
made by Thomas Young (1773-1829), who is
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best known for his work on the eye’s physiology
and wave theory of light. By 1816 he had pro-
posed an alphabet that allowed him to decipher
Ptolemy’s name inside the single cartouche of
the Rosetta Stone’s hieroglyphic section. Unable
to account for all the hieroglyphs in this car-
touche, he concluded that only foreign names
were written phonetically, with titles and epi-
thets appearing symbolically. Young was also the
first to express doubt over the purely ideograph-
ic nature of hieroglyphics, noting that with fewer
than a thousand hieroglyphic characters typical-
ly in use there could be no simple one-to-one
correspondence between symbols and the ideas
or objects represented. He further realized that
demotic was not primarily alphabetic—it con-
tained ideograms as well as phonetic symbols.
Despite these insights, Young continued to
maintain hieroglyphics were primarily symbolic,
with phonetic uses being ancillary.

The key to deciphering hieroglyphics was at
last provided by the brilliant French linguist
Jean-Francois Champollion. Highly precocious,
his fascination with Egypt began at an early age
when he heard stories of the Rosetta Stone’s dis-
covery. In 1806, at age 16, Champollion present-
ed a paper before the Société des Sciences et Arts
de Grenoble arguing that Coptic was the lan-
guage of Ancient Egypt. He then went to Paris in
1807 to study Arabic with Sacy and to acquire
fuller knowledge of other languages considered
relevant for solving the puzzle of hieroglyphics.

Champollion’s work proceeded slowly due
to insufficient and inaccurately copied inscrip-
tions. The need for an expanded corpus of texts
and collateral evidence provided by miscella-
neous antiquities was gradually met as volumes
of the Description de 'Egypte appeared and new
manuscripts and more accurate copies of monu-
ment inscriptions were brought back from
Egypt. By 1821 Champollion’s analysis of this
material allowed him to firmly establish the dis-
tinction between hieroglyphics, hieratic, and de-
motic as well as compiling tables of their equiva-
lent signs. He also demonstrated that hieractic
and demotic were primarily ideographic, not al-
phabetic, and subsequently realized that the
proper names and foreign words written phonet-
ically in the Rosetta Stone’s demotic could be
used to help decipher phonetic hieroglyphs. On
Friday, September 27, 1822, before the
Académie des Incriptions et Belles Lettres in
Paris, he announced his success in constructing
a phonetic alphabet that allowed him to accu-
rately read cartouches.
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The Rosetta Stone. (Corbis Corporation. Reproduced with permission.)

As important as this was, especially for dat-
ing Ptolemaic and Roman ruins, the decisive step
in decipherment was not taken until early the
next year when Champollion realized pure hiero-
glyphics—those outside the cartouches—were
primarily phonetic, not symbolic. This insight
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was motivated by a number of factors. First, his
analysis of the Rosetta Stone revealed that just
under 500 words of the Greek text were repre-
sented by 1,419 hieroglyphic sign-groups, indi-
cating hieroglyphics could not be purely ideo-
graphic. Furthermore, the 1,419 sign-groups
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were constructed from just 66 distinct characters,
suggesting the possibility of a phonetic script.
Champollion also noted that the few dozen sign-
groups from cartouches he had already deci-
phered constituted over two-thirds of all hiero-
glyphic inscriptions, providing more evidence
that hieroglyphics were primarily phonetic.

Champollion’s suspicions were confirmed
when he successfully applied his phonetic al-
phabet to the Rosetta Stone inscription. Howev-
er, understanding what he was deciphering was
another matter, one that turned quite decisively
on his knowledge of Coptic. As he proceeded
he was able to identify recognizable Coptic
words and elements of Coptic grammar. By
comparison with Coptic he was then able to re-
construct the grammatical forms of hieroglyph-
ics. After expounding the principles of hiero-
glyphics in Précis du systeme hiéroglyphique
(1824), Champollion traveled to Turin’s Museo

Egizio, which at the time possessed the world’s
most extensive collection of Egyptian antiqui-
ties, and Egypt to test his method. Further re-
search has confirmed, refined, and extended
Champollion’s work, which serves as the cor-
nerstone of modern Egyptology.

STEPHEN D. NORTON
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Biographical Sketches

Sir Joseph Banks
1743-1820
English Naturalist

n 1768 Joseph Banks took part in the first ex-

pedition of Captain James Cook (1728-1779),
from which he returned to England with a thou-
sand new species of plants, a thousand more of
birds and fish, and “insects innumerable.” While
still a young man, however, Banks ended his
days as an explorer to become president of the
Royal Society, and later a sponsor of expeditions
to Africa, Australia, the Pacific, and the Arctic.

Born in London on February 13, 1743,
Banks came from an exceedingly wealthy fami-
ly with an enormous estate in Lincolnshire. He
undertook his early education at Eton, and it
was there, at age 14, that Banks, as he later re-
called, discovered his calling in life. One sum-
mer evening, he was walking near the school
when he suddenly became aware of the variety
of flowers growing along the lane. Inspired to
study nature, thereafter he learned as much as
he could about botany. Upon arriving at Oxford
University and discovering that it had no pro-
fessor of botany, the young heir (his father had
died when he was young) simply hired a
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botany professor from Oxford’s rival, Cam-
bridge, and brought the instructor back to Ox-
ford to teach him.

After graduating from Oxford in 1763 and
gaining his full inheritance the following year
when he turned 21, Banks became a fellow of
the Royal Society in 1766. He went on his first
voyage later that year, aboard the Niger to collect
plant specimens in Newfoundland and
Labrador. Returning to England, he soon
learned about the opportunity of a lifetime: a
chance to sail with Captain Cook as onboard
naturalist. Banks would have to pay his own ex-
penses, and those of his staff, but that was no
problem for him, so in 1768 he left England
with Cook aboard the Endeavor.

The crew had many adventures and misad-
ventures along the way, and in Tahiti Banks al-
lowed himself to be tattooed—one of the first
Westerners to do so. He is also rumored to have
engaged in amorous involvements with at least
one of the beautiful Polynesian women he met.
But he also found time for work, and as the ship
sailed from Tahiti to New Zealand and Australia,
he collected numerous specimens of animal and
plant life. He returned to a hero’s welcome, re-
ceiving praise from King George IlI (destined to
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Joseph Banks. (Archive Photos. Reproduced with
permission.)

be a lifelong friend of Banks’s) and Swedish nat-
uralist Carl Linnaeus (1707-1778).

Ego seems to have gotten the better of
Banks for a time, because only his hubris can ex-
plain why he failed to join Cook on the his sec-
ond voyage in 1772. Banks insisted on bringing
a staff of 15 people, including two horn players,
which would require the building of extra cabins
on deck. Cook ordered these cabins torn down
because they would make the craft unseaworthy,
yet Banks refused to reduce the numbers of his
staff. So Cook left without him—a fact Banks
rued for the rest of his life—and, except for a
voyage to Iceland later that year, Bank’s travel-
ling days were over.

The second phase of his career began in
1778, when the 35-year-old Banks was elected
president of the Royal Society, perhaps the most
honored position in the scientific world at that
time. In this capacity, he established a large li-
brary of travel books in the British Museum, a li-
brary still in existence more than two centuries
later. He also influenced exploration in many
ways, including his suggestion to Captain
William Bligh (1754-1817) that he sail to Tahiti
to collect breadfruit—as Bligh later did on his
infamous Bounty voyage.

Banks was particularly interested in the ex-
ploration of Africa, to which end he formed “An
Association for Promoting the Discovery of the
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Inland Parts of Africa” in 1788. Over the next 17
years, the African Association, as it was called,
sent a series of failed expeditions to find the
source of the Niger River in West Africa. Most
notable among the many explorers sent out by
the African Association was Mungo Park (1771-
1806), who drowned while looking for the elu-
sive source of the river.

In addition to his Africa endeavors, Banks
sponsored an 1801 voyage to Australia by
Matthew Flinders (1774-1814), and from 1817
became involved in renewed efforts to find a
Northwest Passage between the Atlantic and Pa-
cific oceans. At this point in his life, however, he
was becoming increasingly infirm, having been
confined to a wheelchair since 1804 due to gout.
He died on June 19, 1820.

JUDSON KNIGHT

Vitus Jonassen Bering
1681-1741

Danish Explorer

ne of the most celebrated endeavors of sev-

enteenth- and eighteenth-century explo-
ration was the search for the Northwest Passage,
a route between Europe and Asia via the frozen
seas north of Canada. Less famous was the quest
for the Northeast Passage, or a means of navigat-
ing between the furthest eastern extremities of
Asia and the western tip of North America. Per-
haps the greatest figure in the search for the
Northeast Passage was Danish navigator Vitus
Bering. Sent on two expeditions by the Russian
czars, he explored Russia’s Far East and the off-
shore islands of Alaska, and proved the existence
of a passage between Asia and North America.

Born in Horsens, Denmark, in 1681, Bering
grew up around the sea, and as a young man
joined the Dutch navy. At that time Holland had
a vast international empire, and his work gave
the young Bering an opportunity to see the East
Indies (modern-day Indonesia). Eventually he
joined the Russian navy, then a recent creation of
Czar Peter the Great, and took part in the Great
Northern War (1700-21) between Russia and
Sweden. His bravery so impressed Peter that in
1725 the czar commissioned him to lead an
eastern expedition.

Leaving the Russian capital of St. Peters-
burg, Bering and his crew traveled overland
across Siberia, bringing with them the materials
for building a boat. They arrived at the Sea of
Okhotsk, which separates the Russian mainland
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Vitus Jonassen Bering. (The Granger Collection, Ltd.
Reproduced with permission.)
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from the Kamchatka Peninsula, in 1727. There
they built a boat and sailed across to Kamchatka.
They then sledded across the peninsula to its
east coast, where they built a second boat, the
Gabriel.

In the summer of 1728, Bering sailed up
Kamchatka’s east coast and beyond, almost to
the extreme northeastern tip of the Asian conti-
nent. To the east he saw a large island, which he
named St. Lawrence (now part of Alaska), but
he could go no further north due to the ice.
Therefore he turned southward, spending the
winter of 1728-29 in Kamchatka before ulti-
mately making his way back to St. Petersburg.

At the royal court, Bering persuaded the
Czarina Anna to commission a second voyage,
and in 1733 he took charge of what was dubbed
the “Great Northern Expedition.” Due to a num-
ber of delays, however, it was only in 1740 that
the expedition set sail from the east coast of
Siberia. When the earlier expedition arrived at
the Sea of Okhotsk, Bering had been 46 years
old; now he was nearly 60.

This second expedition was much larger,
with several scientists on board, and therefore
Bering took two ships: the St. Paul, of which he
was captain, and the St. Peter, with Alexei Ilyich
Chirikov (1703-1748), who had sailed on the
first voyage, at the helm. They waited out the
winter of 1740-41 on the east coast of Kamchat-
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ka, at a base they called Petropavlovsk after their
two ships. Later a town would spring up on the
site and become the largest city on Kamchatka.

The two ships finally sailed on June 5,
1741, and were quickly separated. Chirikov
and his crew made it to North America and sent
out two reconnaissance boats that never re-
turned. Ravaged by scurvy, they limped back to
Petropavlovsk a few months later. Bering and
the rest of those aboard the St. Paul were less
fortunate.

Sailing south and then east, on July 17 he
caught sight of the American mainland at Mount
St. Elias. Later he sighted many of the Aleutian
Islands, but by then Bering and the others were
suffering the effects of scurvy Their ship
wrecked on a barren island along the eastern
coast of Kamchatka, where they suffered miser-
ably during the winter that followed. Bering was
among the casualties, dying on December 8,
1741. In the following August, the few survivors
made it back to Petropavlovsk. Today the island
where Bering died is known as Bering Island,
and the passage between Siberia and Alaska is
called the Bering Strait.

JUDSON KNIGHT

William Bligh
1754-1817

English Naval officer

hanks to the book Mutiny on the Bounty

(1932) by Charles Nordhoff and James Hall,
as well as many motion pictures on the subject,
Captain William Bligh remains a symbol of arro-
gant power. The incident on the H.M.S. Bounty,
when Bligh’s crew mutinied and cast him and his
supporters adrift on a boat in the Pacific, was
not his last experience on the wrong end of an
insurrection. Later, as governor of New South
Wales, Australia, Blighs authoritarian style
helped to spark another revolt.

Bligh was born on September 9, 1754, in
Plymouth. The son of a customs officer, he
began his career at sea early, going away as a
cabin boy at age seven. He joined the Royal
Navy at 16, and by 22 Bligh had command of a
ship, the Resolution, during part of the third voy-
age of Captain James Cook (1728-1779). By the
time he returned in 1780—Cook was killed
along the way—Bligh was a captain of recog-
nized talents.

During the 1780s, Bligh commanded a num-
ber of ships in Britain’s merchant marine, and on
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several voyages his first mate was Fletcher Christ-
ian. The latter, an intensely sensitive man with a
taste for scholarship rather than seamanship, had
been forced by the loss of his family’s fortunes to
seek a naval career. Though he was inclined to
smart at insults from superiors, Christian got
along well with Bligh. In 1787 the British govern-
ment needed someone to command the Bounty
on a voyage to Tahiti for breadfruit trees, which
would be transplanted to the West Indies to pro-
vide cheap food for slaves. Sir Joseph Banks
(1743-1820) suggested to Bligh that he command
the expedition, and Bligh accepted.

The voyage was fraught with disaster, not
least because neither the ship nor its crew was
suited to their demanding mission. Bligh had at
least learned from Cook how to forestall scurvy
by supplying the men with lemon juice, and
even kept a fiddler aboard to play while the men
danced—a much-needed form of exercise.
Morale lifted when the crew reached Tahiti, but
from Bligh’s perspective this was no comfort. Se-
duced as much by the languid tropical ambience
of the place as by the beauty of its women—
many of whom cheerfully gave themselves to the
sailors—the crew became even less reliable.
Bligh struggled through the six weeks in Tahiti,
writing down his observations on Tahitian cul-
ture before setting sail once again.

On the night of April 28, 1789, a group of
mutineers broke into Bligh’s cabin, held a cut-
lass to his throat, and took over the ship. Lead-
ing the group was Christian, who had become
increasingly dissatisfied with Bligh. The latter
had lately taken to criticizing his painfully sen-
sitive first mate, and Christian could no longer
stand it. He and his mutineers set Bligh adrift in
an open boat with 18 men who chose to accom-
pany him.

The reality of the mutiny was quite different
from the Hollywood version. Christian proved
an incapable leader, and was later killed by Tahi-
tians. By that time the mutineers had landed on
Pitcairn Island near Tahiti, taking with them a
number of Tahitian women, as well as a few
Tahitian men they intended to enslave. They had
burned the Bounty as a means of preventing re-
treat, but by the time a naval expedition found
them, all but one of the men had been killed by
the would-be Tahitian slaves. The one remaining
man, John Adams, had become a fervent Christ-
ian, and had organized the community—which
included the women and a larger gathering of
children, descendants of the mutineers—along
religious lines. The Admiralty resolved to leave
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Captain William Bligh. (Corbis Corporation.
Reproduced with permission.)

Adams where he was, to provide an inspiration
for South Sea missionaries.

As for Bligh and his loyalists, they under-
went a grueling seven-week voyage of 3,618 mi
(5,823 km) in the open boat before finally arriv-
ing, half-starving and half-crazed from thirst, on
the Dutch colony of Timor in what is now In-
donesia. Bligh was tried before a court martial
and acquitted in 1790. Later, he went back to
Tahiti to complete his original mission of trans-
planting the breadfruit trees.

Bligh commanded British vessels in action
against Napoleon’s navy at Camperdown and
Copenhagen in the late 1790s and early 1800s,
and faced another mutiny aboard the H.M.S.
Nore in 1797. In 1801 he was elected a Fellow of
the Royal Society, but in 1805 he was repri-
manded by the Admiralty for his abusive treat-
ment of a junior officer.

Later, in 1805, Banks recommended Bligh
for the governorship of New South Wales, and
Bligh arrived in the colony the following year.
He set out to suppress the rum traffic and the
trade monopoly enjoyed by officers of the New
South Wales Corps, and soon found himself at
loggerheads with a faction led by John
Macarthur. Bligh had Macarthur tried for sedi-
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tion, so the officers deposed Bligh in what came
to be known as the Rum Rebellion.

Later, Major George Johnson, the man elect-
ed by the officers to replace Bligh, was dismissed
from the service. Bligh himself was exonerated
by default, though a number of figures in the
British government criticized his harsh leader-
ship style, which in their view had helped pre-
cipitate the revolt. He later became an admiral
before retiring to Kent, and died in London on
December 17, 1817.

JUDSON KNIGHT

Louis-Antoine de Bougainville
1729-1811

French Explorer

eader of the first French circumnavigation of

the globe (1767-69), Louis Antoine de
Bougainville explored the South Atlantic and
Polynesia before reaching the Great Barrier Reef
around Australia. He discovered a number of
the Solomon Islands, including one named for
him, before making his way back to his point of
origin. In the course of the voyage, he and his
crew learned that, unbeknownst to them, their
party included the first woman to circumnavi-
gate the globe.

Born in Paris in 1729, Bougainville was
raised as a member of the French nobility. He
was trained for a career in the military, and ob-
tained his first fighting experience in Quebec
during the Seven Years War (1756-63), known
in North America as the French and Indian War.
After his superior, General Montcalm, was
killed, Bougainville spent the remainder of the
war fighting in Germany.

France lost most of its overseas empire in
the war, and Bougainville was among the French
patriots who resolved to win a new empire. In
1765 he claimed a group of islands off the coast
of South America, dubbing them the Malouines
after the French port of Saint-Malo. Spain
claimed the islands too, however, and since King
Louis XV wanted to maintain good relations
with his allies in Madrid, he ordered the colony
turned over to the Spaniards. The Spanish
changed the French name slightly, calling the is-
lands the Malvinas. Meanwhile, British forces
were claiming another part of the islands—
which they called the Falklands—for England.
This conflict would ultimately lead to the Falk-
lands War more than 210 years later in 1982.
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Louis-Antoine de Bougainville. (The Granger Collection,
Ltd. Reproduced with permission.)

Ordered to remove all French subjects from
the Malvinas, Bougainville did so. After reaching
Rio de Janeiro, however, he received a more in-
triguing command from the crown: he was to
continue journeying around the world. With
him was an astronomer named Pierre Antoine
Véron, who would use newly developed tech-
nology to determine the correct longitude at any
given spot. Taking two ships, the Boudeuse and
the Etoile, the expedition sailed from Brazil late
in 1767.

The ships took nearly eight weeks just to get
through the perilous Straits of Magellan, but after
many misadventures they finally found their way
to Tahiti. They were only the second Europeans
to arrive there, after a British expedition the year
before, and like their counterparts they found it
to be a veritable paradise. While in Tahiti,
Bougainville learned that the ship’s botanists’
valet, Bare, was a woman who had disguised her-
self as a man in order to get on the ship and go
where no woman had ever gone before.

From Tahiti, the expedition sailed to Samoa,
and then to Vanuatu (formerly the New He-
brides), becoming the first Europeans to reach
those islands since 1605. They nearly ran
aground on the Great Barrier Reef and never
reached Australia, which Bougainville incorrect-
ly thought was connected to Vanuatu by a land
bridge. Sailing eastward, they entered the Louisi-
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ade Archipelago, which Bougainville named,
and the Solomons, many of whose islands he
named. Arriving at the island of New Britain,
Véron was able to make the first accurate calcu-
lation of the Pacific’s width.

In the Moluccas, or Spice Islands,
Bougainville carried out a mission of agricultural
espionage ordered by the king, stealing clove and
nutmeg plants and transporting them to Mauri-
tius in the Indian Ocean, where they could be
cultivated as a means of breaking Holland’s mo-
nopoly on the spice trade. By the time they
reached Mauritius in early 1769, the men needed
to recover from scurvy, but eventually they were
on their way again, and in a few months’ time
had reached Saint-Malo. Not only were they first
Frenchmen to circle the globe—along with the
first woman of any nationality—but their loss of
only seven lives was a record at the time.

Bougainville went on to adventures in the
American Revolution, serving aboard a French
ship sent to assist the fledgling republic in its
fight against Britain. He became a field marshal
in 1780, and when the French Revolution came
in 1789, he retired to occupy himself with writ-
ing scientific papers. Napoleon later granted a
number of high honors to Bougainville, who
died in 1811.

JUDSON KNIGHT

James Bruce
1730-1794

Scottish Explorer

hen James Bruce returned to England in

1774 after years spent in the mysterious
land of Ethiopia, his fantastic tales gained him a
reputation as a liar. Yet modern research has
confirmed the accuracy of Bruce’s account,
which he set down in writing in 1790.

Born in 1730 in Stirlingshire, Bruce was the
son of an aristocratic family who owned an es-
tate at Kinnaird House. His mother died when
he was three years old, and his father later
arranged for him to be taught by a private tutor
in London. He went on to Harrow School and
Edinburgh University, where his father expected
him to study law; Bruce’s interests, however,
were in languages and art.

Bruce married in 1752, but his wife died in
childbirth nine months later. To recover from his
grief, he traveled around Europe, returning to
London after the death of his father in 1758.
During this time he became fascinated with
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James Bruce. (The Granger Collection, Ltd. Reproduced
with permission.)

Ethiopia, or Abyssinia as it was then called, and
resolved to go there. In particular, he hoped to
find the source of the Blue Nile, which together
with the White Nile, a deeper river that flows
northward from its source at Lake Victoria in
Central Africa, forms the Nile proper at Khar-
toum in modern-day Sudan.

Appointed British consul-general to Algiers
in 1762, Bruce served in that position for two
years, then spent considerable time traveling
throughout North Africa, devoting himself to
learning languages. By 1768 he had wound up
in Cairo, accompanied by an Italian assistant
named Luigi Balugani. He ultimately made con-
tact with the patriarch of Ethiopia, a leading
church official in that land, which was Chris-
tianized during the fourth century A.p.

Taking with him a letter of introduction
from the patriarch, Bruce endeavored by a num-
ber of means to reach Ethiopia. Stopped by war
from going in via the Nile, he used a circuitous
route that took him across the Red Sea to the
Arabian Peninsula, and back again to the ancient
city of Aksum. Finally, he arrived in Gondar,
then the capital, in 1770, and ultimately met Ras
Michael of Tigre, ruler of the Abyssinian Empire.

Ras Michael invited Bruce on an expedition
up the Little Abbai River, thought to be the
source of Blue Nile, but constant fighting be-
tween Ethiopia and its neighbors forced them to
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turn back. Late in 1770, Bruce and Balugani
made a second expedition up the Little Abbai,
reaching its source on November 4. Unbe-
knownst to them, the explorer Pedro Paez
(1564-1622) had already been there in 1618.

In the months that followed, Bruce collect-
ed extensive knowledge about Ethiopia. Balu-
gani died of dysentery, and Bruce left Ethiopia in
December 1771. He spent time in Sennar, a
Muslim town in what is now Sudan, studying
the life of the people there before taking the Nile
north to Cairo, where he arrived in 1773.

Bruce returned to a number of disappoint-
ments in Europe. Before leaving, he had become
engaged to a woman, and later, thinking him
long dead, she had married an Italian noble. In
Paris, a cartographer informed him of Paez’s ear-
lier journey to the source of the Blue Nile; and
finally, after an initially warm reception in Eng-
land, the explorer soon gained a reputation as a
spinner of tales.

Licking his wounds, Bruce retired to Kin-
naird House, married a much younger woman,
and lived happily until 1788, when she died
suddenly. Once more seeking to assuage his loss,
he set out to write of his adventures, and pub-
lished a book in 1790. It was received with no
more credulity than his earlier verbal accounts
of his journeys—even though modern scholar-
ship has confirmed most of his findings. Bruce
died in 1794 after he fell down a flight of stairs
on his way to escort a lady to her carriage.

JUDSON KNIGHT

John Byron
1723-1786

British Explorer and Naval Admiral

fter the exploration of Australia and New

Zealand by Dutchman Abel Tasman (c.
1603-1659), a feverish period of sea exploration
began, setting the stage for a surge in European
colonialism during the eighteenth and nine-
teenth centuries. Since Ferdinand Magellan’s
(1480?-1521) first circumnavigation in 1520,
the globe had been circled by ship numerous
times. However, the need for faster, easier trade
routes and a curiosity about unknown lands fu-
eled a new breed of seaman. Admiral John Byron
of the British Navy, sent to find the elusive
“southern continent,” discovered the Falkland
Islands as well as many other smaller islands in
what would be the fastest circumnavigation at
the time.

SCIENCE A N D I' TS

TIMES ~

John Byron. (National Maritime Museum. Reproduced
with permission.)

Born into a family of Navy men, Lord Byron
began his naval career in 1731 at age nine, when
he became a midshipman. Nine years later, and
still a midshipman, Byron took up with the ves-
sel Wager, a supply ship with a reputation as the
worst boat in the Navy. When it rounded Cape
Horn in 1741, Wager separated from the fleet
and wrecked on the rocks of an island near the
Strait of Magellan. The crew, no longer under
the rules of the military, disbanded and fended
for themselves. Byron, who later wrote a book
about the perilous trip, lived with very little
food, shelter, or clothing for 13 months. He then
moved to the hostile, Spanish-occupied territory
of South America until a French vessel rescued
him and brought him back home, nearly five
years after the shipwreck.

Upon his return in 1746, he rose through the
ranks of the Navy rapidly. He commanded several
ships and eventually entire fleets of frigates. In
1764 he was assigned to an older frigate ship, the
Dolphin, that was rotten with worm holes through
its hull. The Navy used an experimental copper
sheathing to cover the hull and prevent further
damage. Byron’s assignment, under secret govern-
ment orders, was to seek out new foreign trade
markets, and if possible claim any undiscovered
or unclaimed lands for the British. He “rediscov-
ered” the Falkland Islands, off the tip of Patago-
nia, and claimed them as British.
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Unfortunately, unbeknownst to Byron, the
French had already claimed the island chain.
For years the British squabbled with the French,
and eventually the Spanish, over control of the
Falklands, but Byron had provided one of the
most accurate navigational maps of the chain.
After touching the Falklands, however, Byron’s
journey became somewhat disappointing. He
toured the south seas for a “southern continent”
that the British hoped to find, but soon made a
fast track to the South Pacific to “rediscover” the
Solomon Islands, which were said to be rich
with gold and silver. Byron missed the Solomon
Islands as well as Tahiti, but he did manage to
spot many smaller islands.

While many observers criticized Byron’s
journey as unsuccessful and Byron himself as a
lazy explorer, his journey was the fastest circum-
navigation up to that point in history. His trip
also ignited British interest in the South Pacific,
where English products were eventually traded
with great success.

Byron was eventually assigned to New-
foundland, where he was appointed governor,
and in 1778 he became a vice-admiral. While
commanding a fleet of British ships sailing to
America, he lived through one of the worst At-
lantic Ocean gales in history, securing his nick-
name, “Foul-weather Jack.” Byron died in 1786,
but his legacy continues to live on through the
literary work of his grandson, the poet Lord
Byron, who based his work Don Juan and some
of his other poetry on John Byron’s harrowing
sea travels.

LOLLY MERRELL

Jacques-Alexandre-César Charles
1746-1823

French Inventor and Scientist

acques-Alexandre-César Charles, with Nicolas

Robert, ascended in the worlds first hydrogen
balloon in 1783. He was also a physicist and
mathematician and is perhaps better known in
this capacity as the person who developed
Charles’s law, which relates gas temperatures and
pressures. In both roles, he made important sci-
entific and technical contributions that have had
lasting effects on both science and society.

Charles was born in 1746 in Beaugency,
France. Very little is known about his childhood,
but he began his professional life as a clerk in
the French finance ministry. From there he
turned increasingly to science, experimenting

SCIENCE A N D I' TS

TIMES ~

with electricity at first. In fact, it may have been
Charles’s experiments with electricity that
showed him how to pass an electrical current
through water, separating it into its components
of oxygen and hydrogen.

In September 1783 the Montgolfier broth-
ers’ first balloons ascended into the air, lifted by
hot air. Not knowing that simply heating air
could create lift, the Montgolfiers believed that a
special gas was formed by burning straw, which
they called “Montgolfier gas.” Charles mistaken-
ly thought that Montgolfier gas was hydrogen,
and he hastened to duplicate their experiment
by filling his own balloon with hydrogen. In No-
vember 1783 Charles and Nicolas Robert
climbed into the balloon they had built and rose
into the air as the first truly lighter-than-air flight
began. Ascending to an altitude of over a mile
(1.61 km), they drifted for several miles before
setting down in a field, scaring the peasants who
thought they were being attacked by a strange
creature. The peasants “killed” the balloon by
stabbing it, then dragged it away.

The major advantage of Charles’s design was
that, without a fire burning beneath the balloon,
the risks of a blaze were greatly reduced. In fact,
with the substitution of helium for hydrogen,
today’s balloons are very similar in design to
Charless.

Following his first flight, Charles made
additional balloons, financed in part by charg-
ing admission to see the balloon fly. His bal-
looning experiences piqued his curiosity about
heated gases, and he spent much of the rest of
his life experimenting and formulating what is
now known as “Charles’s law.” This states that,
under conditions of constant pressure, a heat-
ed gas will expand in volume. This is also
known as Gay-Lussac’s law, in honor of its co-
discoverer.

Over the following decades, Charles’s law,
Boyle’s law, and others that describe the proper-
ties of gases under a variety of changing condi-
tions were shown to be part of a more universal
ideal gas law. The ideal gas law describes how, in
a gas, pressure, temperature, volume, and the
number of molecules of a particular gas all relate
to each other under a variety of changing condi-
tions. This law is used to predict the behavior of
gases when compressed, heated, expanded, and
the like. In fact, air conditioning, refrigeration,
and similar industries absolutely depend on the
proper application of these gas laws to help
transfer heat from one point to another, cooling
in the process.
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In 1795, in honor of his many accom-
plishments, Charles was elected a member of
the Académie des Sciences in France. Later,
he became a professor of physics, continuing
his work with the characteristics of gases
under a variety of conditions. Interestingly,
most of his scientific publications deal with
mathematics instead of with those discoveries
for which he is best known. Charles died in
April 1823 in Paris.

P. ANDREW KARAM

Captain James Cook
1728-1779

English Explorer

ames Cook was one of the foremost figures of

the so-called “Age of Exploration.” During his
career, Cook circumnavigated the globe twice,
and captained three voyages of discovery for
England. He made significant contributions to
the fields of surveying, cartography, advanced
mathematics, astronomy, and navigation. The
detailed records of his voyages and contacts with
various native peoples are considered the first
anthropological survey of the Pacific Islands,
Australia, and New Zealand. Cook’s voyages
sparked European and American interest in Pa-
cific colonization.

James Cook was born in Marton-in-Cleve-
land, Yorkshire, England. As a youth, he re-
ceived a modest education, but was a dedicated
self-study of mathematics, surveying, and car-
tography. Cook was apprenticed to a small shop
owner, but later left to join a merchant collier
fleet at Whitby. Cook earned his mate’s certifi-
cate, but his merchant career was cut short by
his decision to enlist with the Royal Navy in
1755 at the outbreak of the Seven Year’s War
(the American phase is known as the French and
Indian War, 1756-1763).

Cook was sent to America in 1756 not only
as a seaman, but also as a cartographer. His first
charge was to conduct soundings and draw
charts of the St. Lawrence River. Cook’s charts
were later used by British forces for their attack
on Quebec. He was next named surveyor of
Newfoundland and carried out that project until
1767. Cook’s maps were so precise that many
were used for a century.

As Cook gained renown for his cartogra-
phy, he also submitted a paper to the Royal So-
ciety on astronomical observation and naviga-
tion. His work on determining location using
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James Cook. (Corbis Corporation. Reproduced with
permission.)

the moon commanded the attention of not only
scholars but also the British government. In
1768, Cook was appointed to command an ex-
pedition to the Pacific—the first of three great
voyages. The stated purpose of Cook’s Pacific
expedition was to observe the transit of Venus.
At the completion of that task, Cook continued
to record significant discoveries. In the South
Pacific, he discovered and named the Society
Islands. Cook then sailed to New Zealand,
which he reported upon favorably as a poten-
tial site for British colonization despite the lack
of domesticated animals. Venturing from New
Zealand, Cook sailed to the eastern coast of
Australia and charted the coastline before
claiming the land for Britain. On the return
voyage, Cook’s crew was stricken with dis-
ease—a then common occurrence at sea. One-
third of his crew died from malarial fever and
dysentery.

Cook was scarcely back in Britain for year
before he received his next appointment. He
was granted two ships, the Adventure and the
Resolution, and sent back to the Pacific to fur-
ther complete the exploration of the Southern
Hemisphere. Cook was charged with finding
a southern continent that was thought to exist
in the extreme South Pacific. The mysterious
continent was supposed to be temperate with
fertile land. Cook left Britain in 1772 and
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sailed for the extreme southern Atlantic.
Pushing his way through freezing tempera-
tures and ice flows, Cook sailed along the
edge of Antarctica. The frozen Antarctic was
certainly not the fabled southern continent.
Cook’s circumnavigation of the southern Pole
put an end to the legend. Cook again stopped
in New Zealand, this time introducing some
European plants and domestic animals into
the indigenous landscape. He discovered,
charted, and named several more islands as
he finished his journey.

On both voyages Cook made pioneering
provisions for his crew. To avoid scurvy, which
usually plagued sailors on long sea crossings,
Cook made sure that his crews’ quarters were
clean and well ventilated. He also provided a
diet that included lemons, cress, and sauerkraut.
Although Cook lost 30 men on the first voyage,
only one perished from disease on the second.
None of the deaths were caused by scurvy.

Cook embarked on his third and final voy-
age in 1776, turning his efforts to the Pacific
coast of North America in search of the fabled
Northwest Passage. Enroute he discovered pre-
sent-day Hawaii, which he dubbed the Sand-
wich Islands, in January 1778. Cook enjoyed a
record of very amicable relationships with the
native peoples he encountered on his expedi-
tions, and his initial contact with in the Sand-
wich Islands was no exception. After a fortnight,
the ships left Hawaii for the American Pacific
Northwest, where Cook created detailed maps
that were used in later explorations, including
the Lewis and Clark expedition. However, Cook
failed to locate the Columbia River and thought
that Victoria Island was part of the mainland.
Despite these flaws in his cartography, Cook’s
expedition, and his records of contact with vari-
ous native peoples who possessed great natural
resources, created a new interest in trade and
settlement in the Pacific Northwest.

By January 1779, the ships were once again
anchored in the Hawaiian Islands. This time,
however, their reception was distinctly unfriend-
ly. Cook decided to leave the islands within a
month, but was forced back by a storm only a
week later. The native population was by now
openly hostile and when one of Cook’s cutters (a
small boat) was stolen, Cook took the tribal
chief hostage to guarantee the boat’s return. In
the ensuing commotion, a shot was fired. The
natives then attacked the sailors, killing Cook in
the process. He was 51.

BRENDA WILMOTH LERNER
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Johann Georg Gmelin
1709-1755

German Explorer and Botanist

uring the period from 1733 to 1743, Ger-

man botanist Johann Georg Gmelin ex-
plored a wide area of Siberia. These expeditions
yielded numerous plant specimens, which he
later described in his writings. Also significant
was his identification, in 1735, of permafrost, a
permanent frozen layer of earth that exists in
northerly regions.

Born in 1709, Gmelin (pronounced gMAY-
leen) became a professor of chemistry and natur-
al history. Like many German-speaking scientists
of the eighteenth century, he was drawn east-
ward by a job offer from the St. Petersburg Acad-
emy of Sciences in Russia, where he became a
professor at the age of 22 in 1731.

Two years later, Gmelin began to travel
much further east, as he embarked on what
turned out to be a decade’s worth of exploration
in Siberia. His journeys took him through a
number of towns and regions, including Tobol-
sk, Semipalatinsk, Tomsk, Krasnoyarsk, Irkutsk,
and Yakutsk. Traveling eastward as far as the
Lena River, he then began making his way back
toward St. Petersburg, along the way collecting
enormous numbers of specimens from the taiga
and tundra.

Gmelin spent four more years at the St. Pe-
tersburg Academy, writing the vast work later
published by the Academy in four volumes as
Flora sibirica (1747-69). In 1749 he took a posi-
tion as a professor at Tubingen in Germany,
where he remained until his death in 1755.
Gmelin published Journey across Siberia, his di-
aries of the ten-year expedition, in 1751. Trans-
lated into numerous languages, the book be-
came a best-seller. Gmelin’s nephew, Leopold
Gmelin (1788-1853), later became a famous
chemist and author of a definitive textbook in
that discipline.

JUDSON KNIGHT

Sir William Hamilton
1730-1803
English Archaeologist and Geologist

uring his many years as British envoy to the
court of Naples (1764-1800), Sir William
Hamilton conducted extensive archaeological in-
vestigations of Roman antiquities. Among the
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sites of his greatest activity were the volcanic re-
mains around Vesuvius in Italy and Etna in Sicily.

Grandson to the third duke of Hamilton
and son of Lord Archibald Hamilton, governor
of Jamaica, young William Hamilton came from
a distinguished line. He entered into military
service at age 17, in 1747, but left the army after
marrying a Welsh heiress in 1758.

Sent to Naples in 1764, Hamilton soon took
an interest in archaeology and the natural sci-
ences. He studied Vesuvius and Etna, and be-
tween 1772 and 1783 published several studies
on earthquakes and volcanoes. Also significant
were his excavations at Herculaneum and Pom-
peii, towns devastated by the volcanic eruption
of Vesuvius in A.p. 79. Hamilton amassed an ex-
tensive collection of antiquities, which he sold to
the British Museum in 1772; he was knighted
during the same year.

Hamilton lost his wife a decade later, at
which point he inherited her estate in Swansea.
During the 1780s he continued his studies in
Italy, but he was about to become embroiled in a
set of personal intrigues as perplexing as any-
thing in the archaeological record.

Hamilton was appointed privy councillor in
1791, the same year he married Lady Emma
Hamilton. He was 61 years old, his new bride 26,
and unbeknownst to him, Emma had been mis-
tress to his nephew Charles Greville since 1786.

The couple spent a few relatively peaceful
years, then in 1800 they went on a trip to Paler-
mo, Sicily, with Lord Horatio Nelson. A year
later, Emma gave birth to a daughter named Ho-
ratia, acknowledged by Nelson as his child.
Hamilton himself had been recalled from his po-
sition at Naples in 1800, and died on April 6,
1803, in London.

JUDSON KNIGHT

Samuel Hearne

1745-1792
English Explorer

he first European to travel across the vast in-

terior of northern Canada, Samuel Hearne
also became the first to reach the Arctic Ocean
from North America via an overland route. The
findings of his journey, including the discovery
of the Coppermine River, added to the growing
knowledge that no viable Northwest Passage ex-
isted between the Atlantic and Arctic oceans.

Born in London in 1745, Hearne was the
son of an engineer who died when Hearne was
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Samuel Hearne. (Library of Congress. Reproduced with
permission.)

three years old. By age 11, he was working as a
servant on a Royal Navy ship, and would remain
in the naval service until the age of 18. At that
point he took a post as mate on a trading ship
bound for Churchill, Manitoba.

Churchill was a fur-trading post, but at that
time Hearne’s employer, the Hudson’s Bay Com-
pany, had begun looking for opportunities to di-
versify. Copper looked promising, and after
proving himself by his service to the company at
sea, Hearne was commissioned to undertake an
expedition for copper deposits in the Canadian
interior.

He made the first of three trips in Novem-
ber 1769, but his Native American guide desert-
ed him, and Hearne was forced to turn back.
Another attempt in the following February
ended in disaster, and Hearne spent several
months wandering alone. On the third try, how-
ever, he had a highly experienced guide, the
Chipewyan chief Matonabbee.

Departing from Churchill in early December
1770, the party crossed a wide desert, living on
buffalo and caribou, before arriving at the Cop-
permine River on July 14, 1771. Along the way,
the Chipewyan met a band of Inuit, their ene-
mies, and Hearne later recorded the slaughter of
the Inuit that he witnessed. The party followed
the Coppermine all the way to the Arctic Ocean,
then turned upstream to look for copper.
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Though in fact there are sizeable copper de-
posits in the area, Hearne ran out of time before
he could locate them, and returned with nothing
more than a lump of copper he had found. On
his trip back south with Matonabbee and the
others, he became the first white man to see and
cross the Great Slave Lake. They reached
Churchill at the end of June 1772.

Recognizing Hearne’s abilities, the Hudson’s
Bay Company chose him to open its first inland
trading post, and in the winter of 1774-75 he es-
tablished Cumberland House, the first European
settlement in what came to be the province of
Saskatchewan. Later he became head of the post
at Churchill, and in this capacity was charged
with defending it during the American Revolu-
tion. The post was attacked by French allies of
the Americans in August 1782, and Hearne was
forced to surrender to the superior forces.

In the following year, Hearne rebuilt the fort
at Churchill, and continued at his post until he
retired to England in 1787. He later recounted
his historic travels in A Journey from Prince of
Wales® Fort in Hudson’s Bay to the Northern Ocean.
This book and his journals were published in
1795, three years after his death at the age of 47.

JUDSON KNIGHT

Charles-Marie de .a Condamine
1701-1774

French Mathematician and Explorer

harles-Marie de la Condamine led the first

foreign scientific expedition into the Span-
ish territories of the New World. After an ex-
tended surveying expedition in the Andes
mountains of what is now Ecuador, La Con-
damine became the first scientist to explore the
Amazon River from its source in the mountains
to the river’s mouth at the Atlantic Ocean.

La Condamine was born into an aristocratic
French family that made its fortune by speculat-
ing in mines in the French territory of Louisiana.
During his childhood a series of wars broke out
in Spain as various powers vied to install a king
that would ally them with the huge Spanish Em-
pire. The wars continued into La Condamine’s
adulthood, and he served as a soldier in the
French armies that eventually succeeded in plac-
ing a French monarch on the throne of Spain. It
was this same monarchy that would years later
grant permission to La Condamine and his
French scientists to conduct studies in Spain’s
South American territories.
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Charles-Marie de la Condamine. (The Granger
Collection, Ltd. Reproduced with permission.)

After his military service La Condamine con-
tinued his studies in mathematics and was elect-
ed into the French Academy of Science as a
mathematician at the young age of 29. His math-
ematical skill also got him recognition by the em-
inent French intellectual of the time, Voltaire.
When the French government instituted a lot-
tery, La Condamine calculated that the govern-
ment was not selling enough tickets for the prize,
and that someone could, in theory, buy all the
tickets and be assured of winning more than the
price of the tickets. Voltaire put La Condamine’s
calculations to the test and gained half a million
francs. With this money La Condamine gained a
powerful ally in the French intellectual world.

La Condamine’s South American odyssey
began when the Academy of Sciences came to
address two conflicting theories of the shape of
Earth, one that Earth was elongated and narrow
at the poles, the other that it was flat at the
poles and bulging along the equator. The Acad-
emy appointed two teams of surveyors, one
bound for the Scandinavian arctic and the other
for the South American city of Quito in what is
now Ecuador. Each team was to conduct precise
measurements of Earth to settle the question for
the Academy. After securing permission for the
team of French scientists to travel within Spain’s
New World territories, the Academy took ad-
vantage of the unprecedented permission to
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conduct research in South America and ap-
pointed additional scientists to La Condamine’s
expedition.

The mission in Quito was plagued by delays
that eventually made the data they were sent to
collect outdated, as they learned when they re-
ceived word that the Arctic expedition had re-
turned to Paris in 1737 with data supporting
Isaac Newton’s (1642-1727) theory that Earth
was flattened at the poles. Nevertheless, La Con-
damine’s team continued their work and in 1743
took their last measurements, disbanding with
only La Condamine returning to France to pre-
sent their findings.

La Condamine decided to make the trip
back to France by way of a mapping expedition
down the Amazon River. During the course of
his four-month trip down the river he made
surprisingly accurate geographical measure-
ments and made many corrections to the im-
perfect maps of the day. Most notably he dis-
pelled some remaining myths of golden cities
deep in the jungle and established the shape
and size of Major¢ Island at the mouth of the
river. La Condamine also made important
ethnographic and biological observations of the
Amazon Basin.

When La Condamine finally returned to the
Academy of Sciences after what had turned into
a ten-year mission, he was honored, although
the data he collected at the equator was contest-
ed by the scientists of the Academy. His observa-
tions of the Amazon remain one of the earliest
and fullest accounts of the river and became the
stimulus for a wave of scientific investigation in
the region in the nineteenth century.

GEORGE SUAREZ

Jean-Francois
de Galaup, comte de La Pérouse
1741-1788

French Navigator

ean-Francois de Galaup, comte de La Pérouse,

was a military hero and one of the greatest
French explorers of the Pacific Ocean. While he
made a number of significant discoveries, he is
best known for his exploration of Sakhalin and
the Kuril Islands and his discovery of the Tatar
and La Pérouse straits, on either side of the is-
land of Sakhalin.

La Pérouse was born in 1741 near Albi, in
France. Little is known of his childhood until
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Jean-Francois de Galaup, comte de La Pérouse. (The
Granger Collection, Ltd. Reproduced with permission.)

age 15, when he joined the French Navy to fight
the British in the Seven Years” War, later serving
the French in North America, China, and India.
He became famous in 1782 with his capture of
two English forts along the Hudson Bay, and,
shortly afterwards, married a woman he had met
on the Ile de France (now known as Mauritius).
In 1785, at the age of 44, he was placed in com-
mand of a two-ship expedition of discovery in
the Pacific.

La Pérouse’s ships, the Astrolabe and the
Boussole, were supply ships, outfitted for explo-
ration and classified as frigates for the expedi-
tion. At about 500 tons each, they were not
large ships, but were considered adequate for
the rigors of the upcoming expedition. A great
admirer of English explorer James Cook (1728-
1779), La Pérouse adopted many of Cook’s
practices, including several that were not com-
mon at the time: nearly 10% of his crew were
trained as scientists, he treated his men well
and was well-liked by them, and he made every
effort to get along well with the Pacific Is-
landers with whom he came in contact. All of
these traits helped to make him a successful
commander, and helped make his expeditions
unusually successful.

La Pérouse’s voyage took him from Brest,
around Cape Horn, and to Chile. From there, he
sailed to Easter Island and Hawaii on his way to
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Alaska, where he explored and mapped for some
time before turning south again for Monterey
Bay, where he investigated Spanish settlements
and missions with some disapproval for the
treatment of Native Americans.

From Monterey, he set forth across the Pa-
cific, making his way to Macao and Manila.
After a short stay, he left to explore the coasts
of northeast Asia, visiting Korea and Sakhalin
(a large island between the northern Sea of
Japan and the Sea of Okhotsk). Here, he made
some of his most important discoveries, at-
tempting to sail through the Tatar Straight
(which separates Sakhalin from the Asian
mainland) and then through the Straits of La
Pérouse, which passes between Sakhalin and
the Japanese island of Hokkaido. From there,
he continued north to the Kamchatka Peninsu-
la, reaching the port of Petropavlovsk in Sep-
tember 1787.

In Petropavlovsk, where he received fur-
ther orders via letter from Paris, La Pérouse
and his crew rested for a short time before
packing their notes, logs, and specimens to be
returned to France and traveling through
Siberia and Russia (a monumental year-long
trip in itself). New orders in hand, La Pérouse
then left for New South Wales (in what is now
Australia) to investigate activities of the
British. On his way, he stopped at the Naviga-
tor Islands (now called Samoa) where a dozen
of his crew were killed during an attack. He
reached Botany Bay in January 1788, just as
the British commander was moving the colony
to Port Jackson. Although the British were un-
able to help supply him with food (being short
of supplies themselves) they did transport his
journals and letters to France and provided
him with wood and fresh water for the next leg
of his trip. La Pérouse left in early 1788,
bound for more exploration of the islands and
coasts of the southern Pacific, and was never
seen again.

In 1791, A. R. J. de Bruni, chevalier d’En-
trecasteaux (1739-1793) was sent to find and, if
possible, rescue La Pérouse and his crew. He
found that both ships had broken up on the
reefs of Vanikoro Island. He was able to deter-
mine that the crew tried to salvage what they
could, unloading the ships and making a small
boat from the wreckage of the Astrolabe. Al-
though most of the crew were killed by local in-
habitants, some left on the boat, vanishing
without a trace.

P. ANDREW KARAM
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Pierre Gaultier
de Varennes et de La Vérendrye
1685-1749

French Explorer and Soldier

ierre Gaultier de Varennes et de La Vérendrye

was a very prolific, but largely unheralded,
French explorer in the New World in the first
half of the eighteenth century. He traveled widely
through central Canada, visiting many of the
places later seen by the Lewis and Clark expedi-
tion that was to take place 50 years later.

La Vérendrye was born in New France (now
Canada) in 1685. Almost nothing is known of
his early childhood except that it did not last
long; at age 12 he joined the French army, fight-
ing in raids against the British in the New World
as well as fighting for France in the War of the
Spanish Succession. Although taken prisoner in
1709, he was freed and returned to New France,
where he married and started a family.

In 1726, La Vérendrye started work as a fur
trader, starting a small outpost on Lake Nipigon,
about 31 miles (50 km) north of Lake Superior.
It was at these trading posts, looking at maps
provided by Native Americans who came to
trade, that La Vérendrye first heard of a huge
river rumored to lead to a western sea.

Hearing this, La Vérendrye immediately
thought it might be possible to follow this river
to the Pacific Ocean, opening up an easy route
to the Orient for French trade. Such a trade
route would give the French a decided trade ad-
vantage against their British and Spanish rivals
and could make him a wealthy man. With this
in mind, he and his sons built a series of trading
posts between 1731 and 1738 that reached from
Fort Saint-Pierre in Ontario to what is now the
city of Winnipeg in the province of Manitoba.
Their goal was to help establish a French pres-
ence in the area and to learn more of the geogra-
phy of western Canada. At these trading posts,
he learned more about western waterways, in-
cluding the promised great rivers.

In the fall of 1738, La Vérendrye and his
sons pushed into what is now Montana and
North Dakota, reaching the Mandan Indian vil-
lages that were to be so important to Lewis and
Clark over 60 years later. From there, in 1743,
two of his sons continued on through Nebraska,
Montana, and perhaps Wyoming, possibly seeing
the Rocky Mountains, although it is certain they
did not cross them. In 1743, on their return trip,
they placed a lead tablet near Pierre, South Dako-
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ta, claiming these lands for France. They then re-
turned to New France, having explored further
west than any white man to that time.

During his journeys, La Vérendrye lost one
son, a nephew, and a Catholic priest at the
hands of hostile Native Americans. In spite of
his accomplishments, the French government
criticized him for failing to find the western sea
and for the losses his expeditions suffered. This
is doubly ironic because, not only did he finance
the expeditions himself, but he also sent at least
30,000 pelts annually for trade—pelts that
would otherwise have gone to the British.
Nonetheless, La Vérendrye made plans for yet
another journey to the west, in spite of his age
and failing health. Although he received permis-
sion from the government, he died before he
was able to leave Montreal again.

During his travels, La Vérendrye made an
impressive number of accomplishments. In ad-
dition to exploring many of the waterways in the
North American interior (including parts of the
Missouri River system), he helped establish
trade relationships with a number of the Native
American tribes, diverting trade from the British
to the benefit of the French government. In ad-
dition, he established a string of trading posts
that facilitated future trade, and his explorations
helped to validate France’s territorial claims to
large parts of the North American interior. In
spite of his accomplishments, he is among the
least-heralded explorers of this period.

P. ANDREW KARAM

Alexander Mackenzie
1762-1820

Scottish Explorer

lexander Mackenzie was a trader who ex-

plored northwestern Canada in an effort to
open up new territories to the fur trade. In his
explorations he traced the 1,100-mile (1,770-
km) course of the river now named after him
from the Great Slave Lake to the Arctic Ocean,
near what is now the northern border between
Canada and Alaska. He also became the first Eu-
ropean explorer to cross the North American
continent at its widest point north of Mexico.

Mackenzie was born in Stornoway on the
Scottish island of Lewis to a prominent military
family. At the age of 12 his family immigrated to
New York as part of a large migration of Scots to
North America. In New York during the Ameri-
can Revolution his father joined forces loyal to
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Alexander Mackenzie. (New York Public Library.
Reproduced with permission.)

the King of England and died during the revolu-
tion. As the war turned against England, the
family moved to Montreal, Canada, where
Mackenzie began working in the offices of the
North West Company, one of the principal trad-
ing companies in Canada along with its main
competitor, the Hudson’s Bay Company.

In 1784 Mackenzie was offered a partner-
ship in a fur trading form on the condition that
he conduct an exploration of the Canadian inte-
rior the following year. The exploration was in-
tended to increase the North West Company’s
knowledge of western Canada’s geography and
the Native American tribes that inhabited it. The
fur trade at the time depended on the familiarity
of traders with not only the land in which they
trapped and transported animal skins but also
the relationships that traders fostered with the
tribes that they traded with.

As much a businessman as an explorer,
Mackenzie reached Ile a la Crosse in 1785.
There he was able to manage a large trading ter-
ritory stretching from Lake Athabasca to the
Great Slave Lake and the upper regions of the
Churchill River. Control of the Churchill al-
lowed the Native American trappers to do busi-
ness with the North West Company rather than
having to travel hundreds of miles further down
the river to trade with the Hudson’s Bay Compa-
ny at Prince of Wales Fort.
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Soon after, with a cousin, Mackenzie estab-
lished Fort Chipewyan on the shores of Lake
Athabasca. It was from Ft. Chipewyan that
Mackenzie based his later expeditions down the
Mackenzie River and to the Pacific coast.

On June 3, 1789, Mackenzie left Fort
Chipewyan with a group of trappers and a
member of the Chipewyan tribe named
Nestabeck, whom Mackenzie called English
Chief. Nestabeck had accompanied the
Chipewyan leader Matonabbee from 1770 to
1772 when he guided Samuel Hearne (1745-
1792) on his historic overland trip to the Arc-
tic Ocean along the Coppermine River. Travel-
ing down the river the expedition was able to
cover about 75 miles (120.7 km) each day, and
they reached the river’s delta on the Arctic
Ocean on July 14, 1789. The group realized
they had reached the ocean only by accident
when a rising tide swamped their baggage. The
return upriver was slower, and they arrived
back at Ft. Chipewyan on September 12 of the
same year.

On his next expedition, conducted between
1792-93, Mackenzie set out from Fort
Chipewyan for the Pacific coast of Canada in
hopes of making contact with Russian traders
there and fulfilling the goal of establishing a
trading route across Canada to the far east, as
Spanish and Portuguese explorers had hoped to
centuries before. Rather than get rid of the Russ-
ian traders, Mackenzie thought they could be-
come intermediaries in the lucrative Pacific trade
with China. The expedition traveled west up the
Peace River to the Continental Divide. After
crossing the mountains the party descended
along the Fraser River for 150 miles (241 km)
and traveled overland to the Pacific coast of
what is now British Columbia. This expedition
and the voyage down the Mackenzie River com-
bined to form the first crossing by a European of
North America above Mexico.

Before his death in 1820, Mackenzie con-
sulted John Franklin (1786-1847) in prepara-
tion for his disastrous expedition to map the
northern coast of Canada. Mackenzie stressed
the advantage of using members of the local
tribes and Inuit as guides for their knowledge of
the area. Almost 30 years later Franklin’s disap-
pearance in an Arctic naval expedition and the
rescue attempts once and for all put to rest the
search for a shipping route over the Canada’s
northern coast that would link the northern At-
lantic trade routes with the Pacific.

GEORGE SUAREZ
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Alejandro Malaspina
1754-1810

Italian Explorer and Naval Captain

lejandro Malaspina sailed on voyages of ex-

ploration in the Pacific Ocean for the King
of Spain on his way to circumnavigating the
globe in the latter part of the eighteenth century.
During his travels he was able to report that the
long-sought Northwest Passage from the Atlantic
to the Pacific did not exist. He also explored the
American west coast, conducted hydrographic
surveys of the Americas, and visited numerous
ports in the Pacific.

Malaspina was born into a distinguished
Italian family in the then-Spanish city of Parma.
He entered the Spanish navy, rising through the
ranks to become a captain while still in his 30s.
He was then given command of a two-ship
squadron, Atrevida (which meant bold) and Des-
cubierta (or discovery). With these ships he was
to complete a number of significant voyages
during his explorations for the Spanish crown,
including his explorations of the American Pa-
cific Coast and his circumnavigation.

Leaving Spain in 1791 with orders from the
King to search for the Northwest Passage,
Malaspina sailed into the Pacific and made his
way north to what is now the state of Washing-
ton, along Vancouver Island, and continued up
to the Alaskan coast. Although he helped chart
many hundreds of miles of coast, including
much of the St. Elias Range, he eventually
turned from this search, concluding that either a
Northwest Passage did not exist or was not navi-
gable. As we know today, there is, indeed, a
Northwest Passage across the Arctic Ocean, but
it is covered with ice for much of the year and is
only marginally navigable with modern ships. In
the days of wooden ships and sail, Malaspina
was completely correct in his assessment.

During his visits to Spanish colonies,
Malaspina grew concerned about ill-treatment of
Native Americans at the hands of Spanish
colonists. In a later report to the Spanish govern-
ment he commented that, in the long run, Spain
would be better served by forming a confedera-
tion of states, encouraging international trade
with her colonies and the natives of other lands
rather than simply conquering and plundering.
He also suggested that Spain would be well-
served by establishing a Pacific Rim trading bloc,
with activities coordinated in the Spanish city of
Acapulco. Unfortunately, his recommendations
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became caught up in political maneuvering and
were completely ignored. In retrospect, especially
in view of the success of former British colonies
in which this approach was largely taken,
Malaspina’s comments seem quite prescient.

Leaving the American Northwest, Malaspina
set sail for the South Seas, making a brief visit to
Tonga in 1793. The first Spaniard to visit Tonga
in 12 years, he claimed the islands for the King
of Spain and departed. He continued on his
journey, returning to Spain in 1795.

Upon his return, Malaspina presented his
reports and recommendations to the Spanish
government, but became embroiled in politics
almost immediately. In spite of the accuracy of
his observations and the perspicacity of his rec-
ommendations, his report was buried and his
recommendations largely ignored. This culmi-
nated in his being imprisoned, where he died at
the age of 55.

P. ANDREW KARAM

Michel-Gabriel Paccard
1757-1827

French Physician and Mountaineer

ichel-Gabriel Paccard and his porter

Jacques Balmat (1762-1834) were the
first to ascend Mont Blanc, the tallest peak in
Europe. With that climb, they became known
as the two men who initiated the sport of mod-
ern mountaineering. Paccard and Balmat made
the climb in 1786, more than two decades
after Genevan scientist Horace-Bénédict de
Saussure (1740-1799) offered a monetary
prize to the first climbers of the mountain.
Mont Blanc had significance not only because
of its height, but because it was the site of
nearly 40 square miles of glaciers, which car-
ried substantial interest for scientists. The glac-
iers were periodically active, having advanced
to such a degree in the seventeenth century
that they buried valley farmland and homes in
the Chamonix area of France.

Paccard was a doctor in the town of Cha-
monix, which lies at the base of Mont Blanc. At
the age of 29, he employed the services of the
24-year-old Balmat, to make an attempt on the
nearly 15,800-ft-tall (4,807-m) peak, which was
often scoured by extreme winds and sudden
weather changes. Like many other educated
people of the time, Paccard was intrigued by the
works of nature and particularly enthralled by
mountains that were considered some of nature’s
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grandest achievements. The prize money offered
by Saussure was an incentive that held little in-
terest for Paccard. Saussure, who first saw the
summit in 1760 on a trip to Chamonix, thought
of climbing it himself, but offered the reward to
ensure that, if not him, someone would make
the ascent.

Paccard and Balmat made their attempt in
August 1786, leaving Chamonix for the north
face of Mont Blanc. Had the men tried the east
or “Brenva” face, they would have been met by a
steep ice- and snow-covered mountainside. The
south face is even steeper and presents 1,500-
foot-tall pillars of rock. Paccard and Balmat set
out on August 7, lacking the tools of modern
mountain climbers. Without even rope, they
began the ascent up relatively gentle but strenu-
ously long snowy slopes, traversing numerous
dangerous crevasses along the way.

The excitement in Chamonix was great as
residents set up telescopes and used binoculars
to watch the men make their way to the top.
When Paccard and Balmat reached the summit
at 6:23 pM. on August 8, the word spread
through the small town, and the church bells
heralded their success. Paccard set aside the
thrill of the conquest long enough to take scien-
tific measurements before he and Balmat began
the trip down.

The two men were cheered as heroes when
they returned to Chamonix. Balmat went to
Geneva to claim the prize money from de
Saussure, but Paccard instructed Balmat to
keep all of the money. The relationship be-
tween the two men turned sour afterward. Bal-
mat told acquaintances—reportedly after im-
bibing in a few alcoholic beverages—that he
was the true hero of the ascent, and that he not
only reached the top first, but had to climb
partway down to haul an exhausted Paccard to
the summit. That story gained widespread ac-
ceptance when the well-known author of The
Three Musketeers, Alexandre Dumas, Sr., pub-
lished Balmat’s account in 1832, five years
after Paccard’s death. Historians have since
found evidence, including documents from
Balmat himself, that the unflattering comments
were untrue and that Paccard was likely the
first to the top of Mont Blanc.

Paccard’s name was forever cleared when
France honored him on the 200th anniversary of
his and Balmat’s initial climb. As part of the cele-
bration, a monument was dedicated in his honor.

LESLIE A. MERTZ
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Mungo Park
1771-1806

Scottish Explorer and Surgeon

ungo Park was a Scottish surgeon best

known for his explorations in Africa. In
two expeditions he navigated large parts of the
Niger River, writing a popular book between
these journeys. Unfortunately, his second expe-
dition ended disastrously, leading to the death of
all members.

Mungo Park was born near the English-
Scottish border in 1771. He studied medicine at
the University of Edinburgh, graduating as a
surgeon in 1791. He was then named an assis-
tant surgeon on the Worcester, which sailed for
Sumatra in 1792. During this journey he made
many important observations about Sumatran
plant and animal life, winning the respect of
many British naturalists. This was sufficient to
earn him command of a small expedition into
Africa, which had the aim of following the Niger
River as far as possible.

Park left Britain in May 1795 and, upon his
arrival in Gambia, studied the local language for
several months before setting out in December
with an interpreter and a slave. By later stan-
dards, he had woefully little equipment for navi-
gation, exploration, or scientific discovery. In
fact, he left with a sextant, a compass, a ther-
mometer, a few guns, and some pistols.

In spite of his relative lack of equipment
and lack of knowledge of Africa, Park managed
to make his way to the Niger and to ascend it
for over 200 miles (322 km) into the African in-
terior. During this part of his trip, he was forced
to deal with thieves, obstinate village leaders,
fearful Arab traders, and more. At times, only
his medical training allowed him to pass, as he
would treat villagers or village chiefs. Other
times he was forced to use his supplies to bribe
his way out of trouble. He finally realized that
his original goal of reaching Timbuku was suici-
dal and, very ill and beset by unimaginable
hardships (including being imprisoned for four
months by an Arab chief), he halted and spent
several months recovering from severe fevers.
Much of this travel was on foot, his horse hav-
ing died earlier. He finally made his way back to
Britain in late 1797, where he wrote a book on
his travels. This book, Travels in the Interior Dis-
tricts of Africa, became an instant success and
earned him no small degree of fame. Unfortu-
nately, he was not very polished socially in ad-
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Mungo Park. (The Granger Collection, Ltd. Reproduced
with permission.)

dition to being a poor public speaker, which
kept him from acceptance as either a public lec-
turer or in the society of the times, so he con-
centrated on trying to find a wife and passing
his medical exams.

In the next few years, Park married and es-
tablished a medical practice in Scotland. Howev-
er, in 1805, he was again asked to lead an expe-
dition along the Niger and, against the wishes of
his wife, accepted. This time he was commis-
sioned as a Captain in the Army and was given
40 men to lead on the expedition. Unfortunately,
this trip was even more difficult than the first,
and only 11 men even reached the Niger River,
finding it near what is now the city of Bamako
(in Mali). The survivors set off in canoes, after
obtaining permission from a local ruler, reaching
the village of Sansanding, slightly down-river
from Segou. Here they rested, then set out again
in November 1805. Although no expedition
members were seen again, their final trip can be
reconstructed somewhat.

According to later reports, mostly from an
expedition made in 1812, they traveled nearly
1,000 miles (1,609 km) down-river before they
were attacked by natives. During this attack,
most expedition members were killed, and Park
was drowned in the river.

P. ANDREW KARAM
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David Thompson
1770-1857

English-Canadian Fur Trader, Surveyor and Explorer

avid Thompson has been characterized as

“one of the greatest practical land geogra-
phers the world has ever known,” having done
all his work in western North America, principal-
ly Canada and the northwestern United States.

Thompson was born in London, England, of
Welsh immigrants. His father died when Thomp-
son was only two years old. His formal education
was limited to seven years of attendance at a Lon-
don charity school for the poor, where he learned
something of navigation and mathematics. In
1784 he went to Canada as an apprentice with
the Hudson’s Bay Company (HBC), landing at
Fort Churchill on Hudson Bay. Though princi-
pally assigned to do clerical work, he soon be-
came a competent woodsman, familiarizing him-
self with the countryside. He learned surveying,
astronomy, and applied mathematics with the
HBC surveyor Philip Turnor (1789-90). During
this time, he also lost the sight in one eye. Over
the years, he spent some time living and trading
with the various western Native American tribes.
In 1794 he became an HBC surveyor, having de-
cided to make that his profession.

In 1797 he accepted employment with the
North West Company (NWC), remaining with
them for 15 years. His motives for leaving the
HBC without the customary one-year notice
were controversial. This probably happened due
to friction with his supervisors, since he was in a
good position to advance and earn bonuses
within HBS. He was at first a surveyor with the
NWC, then a clerk trader, and finally a partner
for six years (1806-12). During his first year
with the NWC, he surveyed the 49th parallel
from Lake Superior west to Lake Winnipeg, as
well as the headwaters of the Mississippi River
and parts of what are now the northern plains
states. Over a period of several decades, he sur-
veyed and mapped many of the river systems in
Western Canada, traveling some 50,000 miles
(80,467 km) over sometimes difficult terrain
through what are now the provinces of British
Columbia, Alberta, Saskatchewan, Manitoba,
and portions of the Northwest Territories. In
June 1799 he contracted a “fur trade” (common
law) marriage with 13-year-old Charlotte Small,
daughter of a retired Scots NWC partner and a
Cree woman, with whom he had 13 children.
They remained very close, and their union was
regularized in Montreal in 1812.
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In 1807 he discovered the source of the Co-
lumbia River, and during 1811 he mapped it
from its source to its mouth. This work was ac-
complished in part because of NWC concern
about American explorations, surveys, and busi-
ness enterprises (mainly fur trading) in what are
now the states of Washington and Oregon. Fol-
lowing his retirement from the NWC in 1812,
Thompson continued a private surveying prac-
tice. At various times between 1817 and 1827, he
surveyed the border between Canada and the
United States from the Lake of the Woods east to
the St. Lawrence River. He compiled a large, ex-
tremely accurate and detailed manuscript map of
the areas he had traversed and studied. Measur-
ing more than 5 by 10 feet, it covered approxi-
mately 1,700,000 square miles (2,735,885 sq
km) in both nations, more than two-thirds of
them in Canada. It included information from his
own surveys and those of other explorers, among
them Meriwether Lewis (1774-1809) and
William Clark (1770-1838). It has been carefully
safeguarded at the National Archives of Canada in
Ottawa. Thompson continued doing occasional
smaller surveys during the 1830s. He purchased a
farm in Ontario in 1815, and later was involved
in several business enterprises, but afterward suf-
fered a series of financial reverses. For a time in
his mid-sixties, he was compelled to take up his
old profession of surveying in order to stave off
bankruptcy. Poverty-stricken in his last years, he
began drafting a narrative of his experiences,
which historians have found an invaluable view
of exploration and fur-trading in the early nine-
teenth-century West. It is more interestingly writ-
ten and refreshingly different from most of the of-
ficial reports and histories put out over the years
by the Hudson’s Bay Company. Unfortunately, he
was unable to complete it because he became
completely blind in 1851. Fortunately, his wife
was strongly supportive of him until the end.
When he died in 1857, he was almost forgotten.
His manuscript, dealing with events in his life
and career down to 1812, was edited and pub-
lished by J. B. Tyrell in 1916. In 1927, 70 years
after his death, a monument was placed over his
hitherto-unmarked gravesite in Montreal.

KEIR B. STERLING

Captain George Vancouver
1758-1798

English Navigator and Explorer

aptain George Vancouver commanded the
British Royal Navy ship Discovery in 1791
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on a four-year journey that surveyed and
mapped the American Northwest coast. Vancou-
ver also searched for the Northwest Passage, a
navigable waterway rumored to flow from the
West coast of America leading to the continent’s
Eastern seaboard. Through meticulous exploring
and charting, Vancouver proved the passage did
not exist.

Born in the English port village of King’s
Lynn, Vancouver spent his childhood near the
sea. In 1772, at the age of fourteen, Vancouver
left home to sail with famed English seaman
Captain James Cook (1728-1779) on his voyage
around the world. Vancouver later served as
midshipman during Cook’s explorations along
the West coast of North America. These voyages
honed Vancouver’s navigational and surveying
skills, and acquainted him with the many inlets,
bays, and coves of the west coastline of America.

Vancouver was given command of the ship
Discovery in 1791, then sent on a three-fold mis-
sion to the American Northwest coast. His or-
ders were to map the coast, accept surrender
documents from the Spanish post at Nootka in
present day British Columbia, and to seek the
existence of the navigable waterway across the
North American continent. Such a waterway
would help insure British naval superiority and
open a trade route to the Orient. The British Ad-
miralty also anticipated that accurate surveys of
the Pacific Northwest would encourage lucrative
commerce in the area. More importantly, accu-
rate charts and maps would bolster British terri-
torial claims.

Vancouver set sail aboard the Discovery, ac-
companied by a smaller ship, the Chatham, with
crews that were well trained and armed with the
best navigational equipment available. Land was
sighted in April 1792, just north of present-day
San Francisco. In an example of Vancouvers
meticulous quest for accuracy, the crew took
more than seventy-five sets of lunar observations
before making landfall to determine an accurate
point from which to begin the survey. Heading
north, the crew mapped the Pacific coastline
until reaching the Strait of Juan de Fuca (off pre-
sent-day Washington state). Here Vancouver and
his crew spent another three years using smaller
boats to accurately map the numerous small in-
lets, islands, and intricacies of the area. He often
named geography he mapped after family or
crew members—Puget Sound, for example, was
named after a lieutenant aboard the Discovery.
Sailing further north, Vancouver discovered that
Vancouver Island had no connection to the con-
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George Vancouver. (The Granger Collection, Ltd.
Reproduced with permission.)

tinent as was assumed, but was indeed an island.
Finally, Vancouver and his crew, often facing ad-
verse weather (the crew complained of continual
mist with nowhere to dry themselves), and with
weather-beaten boats, managed to survey the Pa-
cific coast from Puget Sound north to Alaska
with such accuracy that the charts would be used
by mariners for the next 150 years. He returned
to England, and published his account of the
journey entitled A Voyage of Discovery to the North
Pacific Ocean and Round the World in 1798.

Although Vancouvers survey correctly
showed that a northwest passage did not exist,
Vancouver did miss one important waterway far-
ther south. In May 1792, American Captain
Robert Gray named and claimed the Columbia
River (bordering present-day Oregon and Wash-
ington) for the United States after telling Van-
couver of its presence. Vancouver dismissed the
river’s inlet as unimportant and failed to investi-
gate or find the Columbia. Vancouver returned
later to map the river, and Gray’s claim carried
new significance fifty years later when Britain
and the United States were embroiled in the
Oregon Boundary Dispute.

Nevertheless, Vancouver’s survey inspired
further exploration of the American continent.
At a time when little was known about North
America from the colonial frontier to the west
coast, Vancouver’s charts were treasures to future
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explorers. American President Thomas Jefferson
read them with interest and encouragement as
he and others planned Lewis and Clark’s west-
ward crossing of the continent.

BRENDA WILMOTH LERNER

Pedro Vial
17467-1814

French Explorer

edro Vial was one of the most important

pathfinders in the American Southwest. His
most important accomplishment was blazing
the Santa Fe Trail, connecting New Orleans and
Santa Fe, New Mexico. He was also involved in
an abortive attempt by the Spanish to halt the
Lewis and Clark expedition, traveling overland
to try to persuade local Native Americans to
stop the explorers before they could accomplish
their mission.

Vial was born in Lyons, France, in the middle
part of the eighteenth century, probably in 1746.
Little is known of his childhood, but it is likely
that he moved to North America while in his late
teens or early twenties, based on comments he
made about being familiar with pre-Revolution-
ary America. Unfortunately, there is virtually no
certain knowledge of his life before 1779, when
he first became known to the Spanish govern-
ment in New Orleans and Natchitoches.

He appears to have remained on the move
for the next several years, reaching San Antonio
in 1784 and living among some of the Native
American tribes at times. Because of his experi-
ences with the Taovayas Indians, in the spring of
1784 the Spanish government asked him to
learn what he could of the Comanche Indians,
associates of the Taovayas. Vial spent the next
several months with the Comanche, returning to
San Antonio that autumn. The next year, the
Spanish governor asked him for help again, this
time to find the most direct route between San
Antonio and Santa Fe.

Vial set out with a single companion, mak-
ing notes on distances, directions traveled, Indi-
ans encountered and their numbers, and other
pertinent information. At some point it is
thought he became ill, straying from the most
direct path towards the north. After spending
some time with the Taovayas, he continued on
along the Red and Canadian Rivers, reaching
Santa Fe about six months after departing San
Antonio and traveling about 1,000 miles (1,609
km). Staying in Santa Fe for nearly a year, Vial
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returned to San Antonio via Natchitoches, then
returned to Santa Fe again, for a round-trip dis-
tance of nearly 2,400 miles (3,862 km) in just
over 14 months.

In 1792-93 Vial journeyed again to Santa
Fe, this time ending up in St. Louis. From St.
Louis to New Orleans was simply a boat ride
down the Mississippi River, so Vial had effective-
ly connected Santa Fe with not only San Anto-
nio, but St. Louis and New Orleans, too. By so
doing, he had forged a trail that linked the major
political and economic centers of the Spanish
and French territories in the New World.

The enormity of this accomplishment is dif-
ficult to imagine in today’s world of quick, easy,
and convenient transportation. Vial had covered
over 2,400 miles, much of it on foot across
desert, mountains, and plains. He successfully
traversed lands claimed by several Native Ameri-
can tribes, many of which were not friendly to
Europeans. All of this was accomplished with
little or no help, while hunting for the food and
water needed for survival.

For the next several years, Vial appears to
have worked for the Spanish authorities in their
New World territories, acting as interpreter and
liaison with the Native American tribes. For a
short time after returning from St. Louis, Vial
lived with the Comanche, but he eventually
moved back to the St. Louis area. He returned to
Santa Fe in 1803, apparently living there until
his death in 1814.

P. ANDREW KARAM

Samuel Wallis
1728-1795
English Explorer

amuel Wallis is best known for his voyages as

Captain of the HMS Dolphin, a British vessel
that circumnavigated the world under his com-
mand between 1766 and 1768. During this voy-
age, the Dolphin discovered the island of Tahiti
and many other South Pacific islands that were
soon to become famous. His reports inspired the
voyages of Captain James Cook (1728-1779) and
those of several French explorers who followed.

Wallis was born in Lanteglos-by-Camelford
in 1728. Not much is known of his childhood or
early adulthood, although it is likely that he re-
ceived some degree of formal education before
joining the Navy. It is certain that he was ap-
pointed flag lieutenant for Admiral Boscawen
due to his high levels of performance, and was
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given command of the HMS Dolphin in 1766,
shortly after the Dolphin’s return from a record-
breaking circumnavigation under the command
of John Byron (1723-1786).

Wallis was sent to the Pacific with instruc-
tions to search for a postulated great southern
continent, thought to exist in order to counter-
balance the weight of the great land masses in
the Northern Hemisphere. Wallis set out with
the Dolphin and a second ship, HMS Swallow,
which was under the command of Lieutenant
Philip Carteret (1733-1796) for the South Pacif-
ic. Unfortunately, the Swallow and Dolphin be-
came separated in a storm while entering the Pa-
cific and were not to rejoin each other for the
duration of the voyage.

Wallis continued across the Pacific, trying to
stay to low latitudes in search of the southern
continent. Unfortunately, he did not go far
enough south to find Antarctica, partly because
the size the continent was thought to be large—
on the same order of size as Asia and Europe—
and he assumed it would extend to a lower lati-
tude than is the case with Antarctica. For most
of the next 20 months, Wallis searched for the
phantom continent, discovering in the process
Tahiti, the Society Islands, and some of the Tu-
amotu Islands.

Wallis finally gave up on his search in 1768
and returned to Britain to complete his circum-
navigation. This voyage made Dolphin the first
vessel to complete two such trips, accomplishing
this feat in just over four years. Carteret returned
to Britain 1769 after continuing his explorations
at lower latitudes, where he discovered and
mapped many islands in the vicinity of New
Guinea and surrounding islands.

Sadly, although Wallis’s achievements were
important, they consisted primarily of negative
accomplishments; that is, he was able to show
where the southern continent was not located.
Although it is valuable to discover that some-
thing does not exist, explorers were expected to
find new lands, not to find more ocean. Because
of this, Wallis has remained an under-appreciat-
ed explorer for more than two centuries. It is im-
portant to note, however, that Wallis’s explo-
rations and discoveries provided a great deal of
impetus to launch the expeditions led by James
Cook, considered by many to have been the
greatest marine explorer of this time or, indeed,
of any time.

Wallis’s voyage also helped encourage the
French to begin Pacific exploration in earnest. In
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fact, Louis-Antoine de Bougainville (1729-1811)
had already departed for the Pacific when Wallis
returned to England, but his confirmation of
many of Wallis’s findings combined with Wallis’s
reports of new lands helped persuade the
French to invest in exploration, too, in order to
keep up with her European rivals.

Following his return in 1768, Wallis contin-
ued serving Britain as a naval officer. He died in
1795, following a long and honorable career.

P. ANDREW KARAM

Biographical Mentions

George Anson
1697-1762

English explorer who circumnavigated the world
in the early 1740s while leading a group of
British warships during war against Spain.
Anson’s mission was primarily military in na-
ture, designed to harass Spanish shipping in the
Pacific. His squadron returned to England with
nearly £1 million in treasure, the largest haul
ever returned by an English privateer. Anson’s
voyage was also among the last of its kind.

Juan Bautista de Anza
17352-1788

Spanish military leader who headed several ex-
ploratory expeditions through northern Mexico
and California. In 1774 Anza established an
overland route connecting Sonora in northern
Mexico to Monterey in California. Two years
later Anza headed another expedition with
colonists and their cattle that led to the estab-
lishment of the city of San Francisco in 1776.
Later as Governor of New Mexico, Anza bro-
kered peace agreements between colonists and
several tribes in the area.

Jacques Balmat
1762-1834

French gem cutter and fur trader who was part
of a two-man team to first reach the top of the
highest peak in western Europe. Jacques Balmat
and Michel-Gabriel Paccard reached the summit
of the 15,771-foot-tall (4,807-m) Mont Blanc on
August 8, 1786. Their successful ascent spurred
the ascent of the mountain a year later by aristo-
crat and well-known scientist Horace-Bénédict
de Saussure, which in turn introduced moun-
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taineering to the masses. Balmat, Paccard and
Saussure are widely credited with instituting the
modern sport of mountaineering.

Nicolas Baudin
1754-1803

French explorer who helped map the Australian
coast during the late eighteenth and early nine-
teenth centuries. Baudin was among the first of
many French sailors to contribute toward the
mapping of the Australian coast and the islands
of the South Pacific and Indian Ocean. Though
their efforts provided the French with the poten-
tial to launch a huge colonial empire, this ad-
vantage was squandered during the French revo-
lutions and preoccupations with continental Eu-
ropean affairs.

Joseph de Beauchamp
1752-1801

French astronomer who conducted the first
known excavation of a Middle Eastern site. At
the instigation of his uncle Miroudat, the Bishop
of Babylonia, he was appointed Vicar-General in
Baghdad (1781). While exercising the functions
of this office, Beauchamp examined numerous
Mesopotamian ruins and initiated digs in Baby-
lon (1786). His excavations showed the ease
with which cuneiform tablets could be recov-
ered. Reports of his discoveries created a sensa-
tion in France and England.

Jean-Pierre Francois Blanchard
1753-1809

French balloonist who made the first flight
across the English Channel by balloon with
physician John Jeffries on January 7, 1785. Blan-
chard made his first ascent by balloon on March
2, 1784 in Paris. He made the first balloon as-
cent in North America on January 9, 1793,
which was observed by George Washington.
Blanchard also experimented with parachuting
from balloons, on the first occasion with a dog,
and on later occasions by himself.

Juan Bodega y Quadra
1743-1794

Commander of the Spanish ship Sonora on its ex-
ploration of the northwest coast of North Ameri-
ca. In 1775 Bodega y Quadra sailed north along
the California coast as far as what is now Juneau,
Alaska, claiming portions of the coastline for
Spain. Distance from Spain’s other territories
made his claims north of Oregon hard to main-
tain. After years as head of the Spanish Navy in
the area, he surrendered Spain’s exclusive claims
to the area in negotiations with England.
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Napoleon Bonaparte
1769-1821

French general who had an active interest in sci-
ence. He proposed and led a military expedition
to Egypt in 1798 that included scientists and
scholars. Much scientific and scholarly research
was conducted in Egypt, including the discovery
of the Rosetta Stone (1799), which later proved
key to deciphering hieroglyphics. During his 14-
year reign as emperor (1800-1814) Napoleon
encouraged science-based industries and funda-
mental research through substantial prizes and
commissions.

Daniel Boone
1734-1820

American explorer and frontiersman who helped
open the lands beyond the Appalachian Moun-
tains to settlement. A hunter, trapper, and sur-
veyor, he is the best-known pioneer of this era of
American westward expansion. He laid out the
Wilderness Road through Cumberland Gap,
which became the principal route to the West,
and settled Boonesborough, the first permanent
white settlement in Kentucky. He was an effec-
tive Indian fighter and also served as a militia-
man, legislator, and sheriff.

Philip Carteret
1733-1810

English navigator who commanded the Swallow,
which accompanied Samuel Wallis during his
circumnavigation on the Dolphin from 1766-68.
Carteret was uncertain about commanding the
Swallow, questioning her seaworthiness, but com-
pleted the voyage in spite of becoming separated
from Wallis and losing most of his crew to dis-
ease or desertion. He completed a great deal of
exploration in the area of what is now Indonesia,
and discovered Pitcairn Island, where the muti-
neers of the H.M.S Bounty later sought refuge.

Richard Chandler
1738-1810

British traveler and archaeologist who cataloged
the ancient Greek ruins of Asia Minor. Chandler,
a member of the London-based Society of Dilet-
tanti, toured Asia Minor in 1756 on an expedi-
tion funded by the Society. His Ionian Antiquities
(1769) and multi-volume Antiquities of Ionia
(1769-97) presented detailed measurements and
drawings of classical buildings, many of which
have since been destroyed. His books helped to
inspire the Greek Revival movement in eigh-
teenth- and nineteenth-century Anglo-American
architecture.
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Pierre Francois Xavier de Charlevoix
1682-1761

French Jesuit historian and explorer best known
for his travels and explorations in the American
West. Charlevoix traveled from Quebec along
the St. Lawrence River into central North Ameri-
ca, then down the Mississippi River to New Or-
leans. From there, in spite of a shipwreck, he re-
turned to France and published what was to be-
come one of the first accounts of the American
interior, and the best full description of that re-
gion until that time.

Alexsei Chirikov
1703-1748

Russian seafarer and explorer who, with Vitus
Bering, explored the coasts of northern Siberia
and southern Alaska. During the second of two
Kamchatka expeditions, Chirikov became sepa-
rated from the rest of the ships but continued on
to the Aleutian Islands and, in 1741, was the
first to reach Alaska from Siberia. In spite of an
epidemic of scurvy on board, Chirikov returned
to Petropavlovsk with his few surviving crew
members after having been the first European to
discover and name many of the Aleutian Islands.

Pierre de Clérambault
1651-1740

French archaeologist and Louis XIV’s librarian
and genealogist, who conducted the first known
excavation of a medieval site. Captivated by clas-
sical antiquities and prehistoric Celtic culture,
Europeans of the Enlightenment largely ignored
the Middle Ages, which they viewed as a barbaric
period. Attitudes gradually changed in the early
eighteenth century, and articles on medieval an-
tiquities began appearing. In this atmosphere of
increasing medieval interest, Clérambault in
1727 excavated the thirteenth-century graveyard
at Chatenay-Malabry in France.

Alexander Dalrymple
1737-1808

Scottish aristocrat and hydrographer, the first
at the Royal Navy (1795), who made a name
for himself by publishing several works about
the unexplored Pacific in an effort to be named
head of an expedition that ultimately was led
by Captain James Cook (1728-1779). Before
being posted to the Navy, Dalrymple was an
administrator and staff hydrographer for the
British East India Company in the Pacific. His
best-known book was An Historical Collection of
the Several Voyages and Discoveries in the South
Pacific Ocean (1769).
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James Dawkins

British traveler and archaeologist who, with
Robert Wood, surveyed sites in the Eastern
Mediterranean in 1750-51. Dawkins and Wood’s
expedition, which took them to Greece, Asia
Minor, Syria, Palestine, and Egypt, was one of
several in the mid-eighteenth century that re-
vealed the depth and complexity of ancient histo-
ry to the British public. These expeditions stimu-
lated public interest in classical antiquities as ob-
jects of both historical and aesthetic interest.

Antoine Raymond Joseph de Bruni
d’Entrecasteaux
1739-1793

French navigator and explorer who, while in
search of the lost expedition of La Pérouse,
mapped the coasts of southern Australia and
Tasmania. Although La Pérouse was last seen
leaving Botany Bay, Australia, in 1788, d’Entre-
casteaux was not dispatched from France until
1791. In spite of many discoveries, the expedi-
tion never found any trace of La Pérouse. In ad-
dition, through poor luck, d’Entrecasteaux failed
to discover important parts of Australia that
might have resulted in French, rather than Eng-
lish, colonization of that continent. D’Entre-
casteaux died of scurvy on the return voyage.

Silvestre Vélez de Escalante
1751-?

Franciscan priest sent to the Zuni pueblos in
what is now western New Mexico. In the form of
a diary Escalante provided the best record about
the Escalante expedition that left Santa Fe in
1776 for Monterey, California. Instead of follow-
ing its planned route, the expedition made an
extensive 1,000-mile (1,609-km) exploration of
what is now western Colorado and central Utah,
including the discovery of Lake Utah and native
descriptions of the Great Salt Lake.

Johann Friedrich Esper
1732-1781

German pastor and paleontologist who discov-
ered the first human fossils. During Esper’s life-
time the prevailing view was that fossils were
created during the Biblical deluge by sedimenta-
1y processes. Esper discovered fossilized remains
of extinct animals and human bones in the cave
of Gaillenreuth in Barvaria. Though initially
considering that man had lived side-by-side
with these animals, Esper’s Detailed Account of
Newly Discovered Zooliths (1774) adopts the
deluvian interpretation that the fossils were
brought together during the Biblical flood.
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Bryan Faussett
1720-1776

British clergyman and archaeologist who, in the
last 20 years of his life, excavated hundreds of
Anglo-Saxon burial mounds in his home county
of Kent. Faussett was among the first archaeolo-
gists in Britain to mount a systematic program of
fieldwork in pursuit of a specific goal: in this
case a clear understanding of the mounds’ ori-
gins and purpose. His methods, though hurried
and clumsy by modern standards, laid the
groundwork for later, more sophisticated exca-
vations by others.

Matthew Flinders
1774-1814

British naval officer and explorer who was the
first to circumnavigate Australia, publishing an il-
lustrated account of his expedition, A Voyage to
Terra Australis (1814) on the eve of his death.
Flinders began his naval career in 1789, served
from 1791 to 1793 under the famed Captain
William Bligh (1754-1817), explored portions of
Australia’s coast from 1795-99, then commanded
the expedition of the Investigator from 1801-03.
The Investigator and its crew of sailors and scien-
tists (who collected thousands of specimens dur-
ing the expedition) completed the first circum-
navigation of the continent, putting to rest several
false notions about the geography of the island.

Johann Georg Adam Forster
1754-1794

German naturalist who, with his father Johann
Reinhold Forster, accompanied Captain James
Cook on his second major expedition (1772-75).
Following their return to England after Cook’s
wildly successful voyages, the younger Forster
published A Voyage Around the World (1777).
This popular two-volume work preceded Cook’s
own account, but was charged with portraying
Cook in an unfairly negative light. The younger
Forster was also an important influence on Ger-
man naturalist Alexander von Humboldt.

Johann Reinhold Forster
1729-1798

German naturalist who, accompanied by his
son Johann Georg Adams Forster, served with
Captain James Cook on his second major expe-
dition (1772-75). Despite his ill-temper and ac-
rimonious relationship with Cook, the elder
Forster contributed much to knowledge of the
flora and fauna of the South Pacific, as well as
the native people. Though initially forbidden by
Cook to publish anything about the voyage,
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Forster eventually published several significant
accounts of his botanical, zoological, and an-
thropological observations.

John Frere
1740-1807

British landowner and archaeologist whose 1797
description of stone tools found near Hoxne, Suf-
folk, laid the conceptual foundations of prehis-
toric archaeology. Frere, a member of the Lon-
don-based Society of Antiquaries, theorized in a
letter to the society that the tools had been made
by a people far older and far more primitive than
the ancient Britons described in Roman chroni-
cles. Frere’ insistence on the tools’ great antiqui-
ty, and his use of their geological context to
roughly measure that antiquity, challenged estab-
lished archaeological methods and theories and
ultimately helped to create a new understanding
of humankinds origins and early history.

Francisco Tomas Hermenegildo Garcés
1741-1781

Spanish-born Franciscan missionary educated in
Mexico who was later sent to what is now Tucson,
Arizona. In 1776 Garcés traveled from what is now
Yuma, Arizona, up the Colorado River to the
Grand Canyon and east across the Arizona deserts,
where he eventually stopped at the edge of the
New Mexico territory. The voyage established a
route between older Spanish settlements in the Rio
Grande Valley and new settlements in California.

Isabela Godin des Odonnais
1728-1792

Peruvian noblewoman and wife of Jean Godin des
Odonnais, a member of the 1735 La Condamine
expedition, which determined the circumference
of the earth at the equator and was the first scien-
tific expedition to explore the Amazon. Isabela
Godin endured a 20-year separation from her
husband after the expedition and returned to him
via a journey of which she was the only survivor,
traveling over the Andes mountains, through
tropical jungles, and up the Amazon.

Robert Gray
1755-1806

American navigator who explored the northwest
coast of North America and in 1792 discovered
the Columbia River, which he named after his
ship. Gray also circumnavigated the globe twice,
becoming in 1790 the first American to lead a
ship around the world. He was also influential in
opening trade with China, to which he sailed
from Oregon in 1789 and exchanged a load of
furs for tea on his return voyage to Boston.
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Mikhail Spiridonovich Gvozdev

1692-172?

Russian sea captain and explorer who in 1732
was the first European to discover Cape Prince of
Wales, Alaska. Cape Prince of Wales is the near-
est point on the North American continent to
Asia, lying just across the Bering Strait from the
eastern-most point of Siberia. Gvozdev’s discov-
ery ushered in a brief period of Russian explo-
ration and colonization in Alaska, which ceased
when the United States purchased the territory.

Juan Pérez Hernandez
17252-1775

Spanish military officer who in 1774 captained
the ship Santiago further north than any other
Spanish explorer had before on its exploration of
the Pacific coast to what is now the Canadian-
Alaskan border. Unfortunately, shipboard ill-
nesses and the icy waters of late winter prevent-
ed Pérez from landing in many areas and making
accurate maps of the coastlines and islands he
claimed as Spanish territories. Pérez died of
scurvy the following year.

Bruno de Hezeta
c. 1750-?

Spanish military officer who commanded the
Spanish ship Santiago on its exploration of the
Northwest coast of North America. In 1775, ac-
companied by the Sonora and its commander,
Bodega y Quadra, Hezeta and his ship sailed
north along the California coast as far as what is
now Juneau, Alaska, claiming portions of the
coastline for Spain. Spain eventually surren-
dered its claims in the area.

Daniel Houghton
1740-1791

Irish explorer whose travels in Africa were both
valuable and fatal. Houghton traveled inland
along the Gambia River to the Niger River, one
of Africa’s great rivers. In the process he helped
initiate efforts to identify and map some of the
major rivers that traverse the African continent,
offering routes of transportation and explo-
ration. Unfortunately, Houghton was killed by
one of his guides after being robbed.

Friedrich Heinrich Alexander, freiherr
(baron) von Humboldt
1769-1859

German scientist-explorer considered by many
the father of geophysics. His explorations in the
Americas include navigating the length of the
Orinoco, studying Pacific coastal currents, and
setting a world record by climbing Chimorazo
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volcano at 19,279 feet (5,876 m). He was the
first to link mountain sickness with oxygen defi-
ciency, and introduced isobars and isotherms for
weather maps. Humboldt also related geograph-
ical conditions to animal and vegetation distrib-
ution, studied global temperature and pressure
variations, and discovered that Earth’s magnetic
field decreases from the poles to the equator.

John Jeffries
1744-1819

American scientist and physician who was the
first to make scientific observations from a bal-
loon. Jeffries made two ascensions by balloon
with Pierre Blanchard, the first in 1784 and the
second in 1785; they were the first to cross the
English Channel in this manner. On the first as-
cent, after reaching an altitude of 9,309 feet
(2,837 m), Jeffries took samples of air for analy-
sis and made other observations with a ther-
mometer, a barometer, and other instruments.

Estéban José Martinez
1742-1798

Spanish explorer who established the first Span-
ish base at what is now Vancouver Island on the
Pacific coast of Canada. Juan Perez had claimed
the island for Spain in 1774, but English and
American traders began trapping animals in the
area after the English explorer James Cook visit-
ed in 1778. In 1789 Martinez was sent to en-
force Spain’s trading rights to the island. Rela-
tions with foreign traders there quickly soured,
and trade disputes eventually led to Spain aban-
doning its exclusive claims to territories north of
what is now Oregon.

Jose Celestino Mutis
1732-1808

Spanish botanist, physician, astronomer, and
priest who spent over 50 years studying and
meticulously cataloging the biodiversity of New
Granada (Colombia). In 1783 Mutis led a botan-
ical expedition in which over 5,000 plants were
illustrated and classified according to the newly
developed Linnaeus system of modern scientific
nomenclature. Mutis distinguished four species
of chinchona, a valuable plant used for anti-
malarial and heart medications. The Royal
Botanical Gardens in Madrid house most of the
Mutis-expedition illustrations.

Carsten Niebuhr
1733-1815

German explorer who was the only survivor of
the 1761 Danish expedition to Arabia. While in
Egypt, he was the first person to make an accu-
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rate copy of hieroglyphics, and in Persia his work
led to the deciphering of cuneiform writing. His
many maps and calculations were all remarkably
precise. He returned to Denmark in 1767, then
married and lived quietly as a council clerk in
Germany for the remainder of his life.

William Pars
1732-1782

British artist who, with archaeologist James
Chandler and architect Nicholas Revett, sur-
veyed the antiquities of Ionia on a 1756 expedi-
tion funded by London’s Society of Dilettanti.
Pars’s detailed illustrations of ancient Greek
buildings for Chandler’s multi-volume work, An-
tiquities of Ionia (1769-97), contributed to the
Greek revival that shaped British and American
architecture in the late eighteenth and early
nineteenth centuries. They also preserved, for
later archaeologists, a detailed record of struc-
tures long since demolished.

Giovanni Battista Piranesi
1720-1778

Italian draftsman, printmaker, architect, and art
theorist also called Giambattista Piranesi, who
was best known for his highly influential etch-
ings of architectural views and his extraordinary
imagination demonstrated in two series of en-
gravings of imaginary prison scenes (the Carceri
d’Invenzione, c. 1745). A prolific graphic artist,
Piranesi produced more than 2,000 plates of in-
tricate, textured, and highly contrasting imagery,
which depicted a variety of subjects from an-
cient Roman monuments and ruins to imaginary
reconstructions of ancient structures.

Richard Pococke
1704-1765

English bishop and explorer known for his A
Description of the East, and Some Other Countries
(1743, 1754). In this two-volume work Pococke
produced systematic and complete descriptions
of many archaeological sites he visited during
his travels in Egypt and the Middle East, includ-
ing the pyramids at Giza, Sakkara, and Dashur.
His work grew in significance because many of
the monuments he described were destroyed be-
fore the Napoleonic expedition of 1798.

Peter Pond

Canadian explorer who, in 1778, was the first
white man to discover the area around what is
now Athabasca, Canada. His explorations
opened this part of the Canadian wilderness for
the fur trade and helped extend British influence
through central Canada. This began the process
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of exploiting not only the area’s natural re-
sources, but natives living there, too.

Thomas Pownall
1722-1805

English colonial governor and antiquarian who
sought to unite archaeology with history. Elected
to membership in the Society of Antiquaries
(1768), Pownall investigated prehistoric burial
mounds and Roman ruins. He urged a reassess-
ment of the objectives and methods most anti-
quarians employed for collecting artifacts, seek-
ing to promote systematic historical writing in-
formed by reliable archaeological research.
Pownall is better known for advocating the
union of Britain’s North American territories in
Administration of the Colonies (1764).

Francisco Requena
1743-1824

Spanish general and member of the commission
formed to execute the 1777 Treaty of San Idelfon-
so, which set the borders between the Spanish and
Portuguese empires in South America. Requena
led an extensive expedition to map the tributaries
of the Amazon River and settle the boundaries. He
later became governor and commander of the
Mainas territory in what is now Peru.

Nicholas Revett
1720-1804

English architect who, with the artist James
“Athenian” Stuart, traveled to Athens to survey
and draw the monuments and classical antiqui-
ties. Upon returning to England they were admit-
ted to the Society of Dilettanti, whose members
aided them in publishing The Antiquities of Athens
(1761). Jealous that Stuart received the lion’s
share of the credit, Revett broke with him. Revett
later surveyed the antiquities of Asia Minor.

Jacob Roggeveen
1659-1729

Dutch admiral who was the first European to
discover Easter Island. On Easter Sunday in
1722, Jacob Roggeveen and his crew found the
remote island off the coast of Chile. The island,
which has a population of 3,000 people, became
known mostly for the great stone heads that
peer out over the ocean from its shoreline. The
heads, constructed of volcanic ash, weighed up
to 50 tons apiece and still remain on the island.
Anthropologists and linguists have since also
taken a keen interest in the written language of
the island’s inhabitants, who were believed to be
of Polynesian descent.
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Jean-Francois Pilatre de Rozier
1756-1785

French balloonist who, on November 21, 1783,
became the first, along with Francois Laurent, mar-
quis d’Arlandes, to fly a manned balloon over
Paris. The balloon ascended to 500 feet (152.4 m),
free of even a rope tied to the ground, and flew ap-
proximately 20 minutes, traveling 5.5 miles (8.85
km). Rozier was killed in a balloon of his own de-
sign, using hot air with a hydrogen balloon, as he
attempted to cross the English Channel.

Junipero Serra
1713-1784

Spanish missionary who founded a string of
missions in California. Born Miguel José Serra,
he entered the Franciscan order at Palma in
1730, and went with other missionaries to Mexi-
co in 1749 to preach to the native people. In
1767 he went on to California (then known as
Alta California) where he gained such monikers
as “Apostle of California” and “walking friar” as
he traveled on foot—despite an ulcerated leg—
to establish nine missions from 1769 to 1782.
They included missions in San Diego, San Luis
Obispo, and San Juan Capistrano.

Daniel Charles Solander
1736-1782

Swedish geologist and botanist who assisted Joseph
Banks, chief of scientists aboard the HMS Endeavor
captained by James Cook, during their Pacific voy-
age from 1768 to 1771. Solander participated in the
landing on Poverty Bay where he collected, de-
scribed, and drew pictures of many plants. These
pictures were used by Banks for the engravings of
plants in his Bank’ Florilegium. Two islands are
named after Solander; one in the Mergui Archipel-
ago and the other one south of New Zealand.

James Stuart
1713-1788

British architect and writer who helped establish
the resurgence of interest in classic Greek art
and architecture through his enormously influ-
ential Antiquities of Athens, a multi-volume work
whose first volume was published in 1762. Stu-
art’s popular volumes introduced Europe to the
splendor and uniqueness of Greek art versus
“derivative” Roman works, which had been the
model of Classicism since the Renaissance. The
books signaled the beginning of neoclassicism.

William Stukeley
1687-1765

English antiquarian and physician noted for his
archeological work on Neolithic and Bronze Age
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sites. His studies of stone circles and earthworks,
especially at Avebury and Stonehenge, led him
to postulate elaborate theories connecting them
to the ancient Celtic cult of the Druids, main-
taining that the entire prehistoric landscape had
been laid out in a sacred pattern. Stukeley’s
views were widely accepted in the late eigh-
teenth century. His excellent field studies and
surveys remain of interest.

Johann Heinrich Wilhelm Tischbein
1751-1829

German artist known as “Goethe” because of his
celebrated portrait Goethe in the Campagna
(1787). Tischbein began his career as a portrait
painter but was equally well known for his en-
gravings of classical antiquities. He studied art in
Paris and then in Italy, where he was named Di-
rector of the Naples Academy of Art (1789). In
1799 Tischbein returned to his native Germany,
where he developed an interest in German Ro-
manticism before his death in 1829.

Charles Townley
1733-1805

British traveler and collector who stimulated in-
terest in the archaeology of ancient Rome. Like
many wealthy Englishmen of his era, Townley
toured the Continent in order to absorb its his-
tory and culture. Visiting Naples in 1768, Town-
ley met British diplomat Sir William Hamilton
and, following his example, became an enthusi-
astic collector of ancient Roman sculpture.
Willed to the British Museum upon his death,
the Townley marbles became the core of the mu-
seum’s Roman sculpture collection.

Johann Joachim Winckelmann
1717-1768

German scholar considered the father of art his-
tory and modern archaeology. Winckelmann
was the first scholar to study works of art in
context. His methodology and systematic classi-
fication of artistic styles explored geographical,
social, and political circumstances to trace the
history and explain the meaning of art objects.
His scholarly methods profoundly impacted the
development of classical archaeology. Winckel-
mann’s idealized vision of Ancient Greece greatly
influenced the development of European neo-
classical fine arts and literature.

Robert Wood
1717-1771

British traveler and topographer who explored
the ancient ruins of the Eastern Mediterranean
in 1742 and 1750-51. He was the first person to
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systematically survey the supposed site of the
lost city of Troy while working from the assump-
tion that Homer’s Illiad described real historical
events. Wood’s survey, though it did not locate
the actual ruins of Troy, helped to pave the way
for Heinrich Schliemann’s discovery of them in
the nineteenth century.

Bibliography of
Primary Sources

Books

Bruce, James, and B. H. Latrobe. Travels to Discover the
Sources of the Nile, in the Years 1768, 1769, 1771, 1772,
and 1773 (5 vols., 1790). This work describes Bruce’s
expedition to discover the source of the Nile River (he
only discovered the Blue Nile). The book was marked
by controversy, as Bruce refused to pay Latrobe for his
efforts and refused to credit the Italian artist, Balu-
gani, who had died in Ethiopia during the expedi-
tion, for his many superb drawings. In fact, Bruce
took personal credit for the Italian’s drawings. The
book’s reception was dismal.

Chandler, Richard. Ionian Antiquities (1769) and Antiqui-
ties of Ionia (1769-97). In these works Chandler pre-
sented detailed measurements and drawings of classi-
cal buildings, many of which have since been de-
stroyed. His books helped to inspire the Greek
Revival movement in eighteenth- and nineteenth-cen-
tury Anglo-American architecture.

Gmelin, Johann. Journey Across Siberia (1751). This book
consisted of Gmelin’s diaries of his ten-year expedi-
tion to Siberia. Translated into numerous languages,
the book became a best-seller.

Hearne, Samuel. A Journey from Prince of Wales” Fort in
Hudson’s Bay to the Northern Ocean (1795). In this
work Hearne described his landmark expedition
through northern Canada to the Arctic Ocean.

Niebuhr, Carsten. Reisebeschreibung nach Arabien und an-
dern umliegenden Lindern (1774; English translation
as “Travels through Arabia and Other Countries of the
East” by R. Heron, 1799). This work described the
first European scientific expedition to the Near East,
dispatched in 1761, in which the entire crew save
Niebuhr died. Niebuhr continued exploring and,
upon his return, published several important reports.
These included maps that were used for a century,
cuneiform inscriptions copied from the ruins at
Persepolis, and botanical data gathered by the expedi-
tion’s lost naturalist.

Park, Mungo. Travels into the Interior Districts of Africa
(1797). This book, written shortly after Park’s first
trip to explore the course of the Niger River, excited
considerable public interest because it was one of the
first accounts of Africa to be written based on actual
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personal experience, rather than based on the often-
outlandish accounts of others. Park never finished
tracing the course of the river. In fact, none of the dis-
coveries made on his second trip made their way
back to Britain because everyone in the party died.

Pococke, Richard. A Description of the East, and Some
Other Countries (2 vols., 1743, 1754). In this work
Pococke produced systematic and complete descrip-
tions of many archaeological sites he visited during
his travels in Egypt and the Middle East, including
the pyramids at Giza, Sakkara, and Dashur. His work
grew in significance because many of the monuments
he described were destroyed before the Napoleonic
expedition of 1798.

Stuart, James and Nicholas Revett. Antiquities of Athens
(1762, 1789, 1795). These popular volumes, com-
posed after Stuart and Revett traveled to Athens, in-
troduced Europe to the splendor and uniqueness of
Greek art versus “derivative” Roman works, which
had been the model of Classicism since the Renais-
sance. The books signaled the beginning of neoclassi-
cism. Revett later broke with Stuart because the latter
received most of the credit for this work.

Vancouver, George. Voyage of Discovery to the North Pacific
Ocean and Round the World in the years 1790-1795 (3
vols., 1798). Complete with narrative, charts, maps,
and drawings, this work describes Vancouver’s expe-
dition to chart the northwest coast of America and
Canada. The accurate soundings and coastal informa-
tion in Vancouvers book were invaluable. They in-
cluded the location of dangerous rocks and offshore
islands, sandbars, entrances to bays, and the location
of viable, usable harbors. This ground-breaking work
gave the English a significant claim to the northwest
coast, at least enough to satisfy the king and his coun-
trymen.

Wallis, Samuel. Account of the Voyage Undertaken for Mak-
ing Discoveries in the Southern Hemisphere (1773). This
book detailed Wallis’s circumnavigation of the world
in 1766-68. During this voyage, which was an at-
tempt to find the famed and elusive southern conti-
nent, terra australis, Wallis encountered Tahiti.

Articles

Frere, John. “An Account of Flint Weapons Discovered at
Hoxne, in Suffolk” (1800). This paper described
Frere’s discovery of a group of chipped-flint objects in
a brick-earth quarry near Hoxne in 1790. What made
the tools remarkable, first to Frere and later to others,
was that they lay beneath 12 feet (3.66 m) of undis-
turbed soil and gravel, below (and thus older than) a
sand layer containing shells that appeared to be ma-
rine and the bones of a large, apparently extinct
mammal. Frere concluded that the tools and their un-
known makers belonged to a time long before hu-
mans were thought to have existed. Frere’s interpreta-
tion of the stone tools challenged current ideas about
of the early history of the human race and set the
stage for the evolution of a new understanding over
the next 60 years.

NEIL SCHLAGER
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Chronology

1713 The first dissecting room is estab-
lished, in Berlin, Germany.

1725 Histoire Physique de la Mer by Luigi
Ferdinando Marsili is the first scientific
study of the oceans.

1730 Stephen Hales, an English botanist
and chemist, discovers that the reflex
movements of a frogs legs depend upon
the spinal cord.

1735 Swedish botanist Carolus Linnaeus
outlines his system for classifying living
things, with a binomial nomenclature that
includes generic and specific names.

1737 Bijbel der Natuure by Dutch natural-
ist Jan Swammerdam—TIater recognized as
the father of entomology—is finally pub-
lished, 100 years after his birth and long
after his death.

1757 Albrecht von Haller of Switzerland
begins publishing his eight-volume Ele-
menta Physiologiae Corporis Humani,
which marks the beginnings of modern

physiology.

1759 Kaspar Friedrich Wolff, a German
physiologist, launches modern embryolo-
gy with his book Theoria Generationis.
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1761 The publication of De Sedibus et
Causis Morborum per Anatomen Indagatis
by Giovanni Battista Morgagni leads to the
establishment of pathology as a branch of
science.

1763 Joseph Gottlieb Kolreuter, a Ger-
man botanist, publishes his pioneering
work on plant hybridization and gives the
first account of his experiments on the ar-
tificial fertilization of plants.

1768 Lazzaro Spallanzani, who three
years earlier had published data refuting
the theory of spontaneous generation,
concludes that boiling a sealed container
prevents microorganisms from entering
and spoiling its contents.

1771 English surgeon John Hunter
founds scientific dentistry with his treatise
The Natural History of the Human Teeth.

1779 Jan Ingenhousz, a Dutch plant
physiologist, shows that light is necessary
for plants to produce oxygen, and that
sunlight is the energy source for photosyn-
thesis.

1796 English physician Edward Jenner
performs the first successful smallpox in-
oculation, on James Phipps.
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Overview:
Life Sciences and Medicine 1700-1799

Previous Period

Though his research did not directly involve the
life sciences, the seventeenth-century physicist
I[saac Newton (1642-1727) greatly influenced
how living things were studied in the eighteenth
century because of his emphasis on finding sim-
ple laws underlying the complexities of move-
ment. The earlier work of philosopher Francis
Bacon (1561-1626) was also influential in the
eighteenth century. Bacon stressed the impor-
tance of direct observation and of experimenta-
tion as keys to progress in science. In addition,
the explorations around the globe in the six-
teenth and seventeenth centuries, as well as the
development of the microscope in the seven-
teenth century, opened up new worlds filled
with fascinating life to be studied.

Basic Questions

As explorers sent back a treasure trove of new
species to Europe, the problem of how to classify
or organize them became urgent. While the
British botanist John Ray (1628-1705) and oth-
ers developed various classification schemes, it
was the system of Swedish botanist Carolus Lin-
naeus (1707-1778) that became most widely ac-
cepted. He based his classification of plants on
the structure of their flowers and gave each
species two names, the first for the genus, or gen-
eral category to which the organism belonged,
and the second for the species itself. French zool-
ogist Georges Buffon (1707-1788) published a
multi-volume survey of the animal world, while
other zoologists focused on particular groups of
organisms, with René de Réaumur (1683-1757)
publishing a massive work on insects.

One of the driving forces of seventeenth-
century life science, particularly in Britain, had
been natural theology, the attempt to learn about
God by studying design in nature. There were,
however, others who argued that there was no
need to invoke divine intervention to explain life
processes. Following the lead of the seventeenth-
century French philosopher René Descartes
(1596-1650), they developed a mechanistic con-
cept of life, seeing it as governed by the same
physical principles that Newton had identified as
underlying movement in the nonliving world.
Their ideas were opposed by vitalists, who saw
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life processes as involving principles unique to
life and different from those in the nonliving
world. These questions continued to be debated
throughout the eighteenth century.

Another controversy in eighteenth-century
life science involved development—how the
form of an individual emerged. Some scholars,
called preformationists, argued that in the case
of human development, for example, the germ
from which an individual arose contained a tiny
replica of the human body, and all that hap-
pened during gestation was that this preformed
figure increased in size. Others, who adopted
epigenesis, contended that the human form was
not preexisting, but instead only gradually de-
veloped and increased in complexity during that
development.

Another debate at this time involved the
question of spontaneous generation, of whether
living organisms, particularly microscopic or-
ganisms, could arise from nonliving matter or
whether they could only come from others of
their kind. In 1767 Lazzaro Spallanzani (1729-
1799) challenged the theory of spontaneous
generation by demonstrating that microbes will
not appear in flasks of broth that have been
boiled and sealed. This controversy, however,
would continue far into the nineteenth century.

Anatomy and Physiology

Francis Bacon’ call for careful observation and
experimentation influenced the development of
anatomy and physiology. Marie-Francois Bichat
(1771-1802) discovered that the body’s organs
are made up of many different kinds of tissues;
his work opened the way for later studies on the
cellular organization of tissues. There were also
many efforts to discover the relationship be-
tween anatomy and disease, with Giovanni Mor-
gagni (1682-1771) being particularly important
in the growth of pathology, the study of abnor-
mal anatomy.

Physiology, the study of function, also blos-
somed. In plant physiology, careful experimenta-
tion was done in a number of areas: Stephen
Hales (1677-1761) studied the movement of
water through plant tissues; Jan Ingenhousz
(1730-1799) established that sunlight was nec-
essary for the production of oxygen in leaves
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and thus for photosynthesis; Joseph Kolreuter
(1733-1806) described how insects and birds
carry pollen from one plant to another.

In animal physiology, digestion and move-
ment were given particular attention and there
was a great deal of study of the nervous system.
Hales also made important contributions to this
field with his discovery of the connection be-
tween the spinal cord and reflex movements in
frogs. Albrecht von Haller (1708-1777) was the
first to demonstrate that nerves stimulate muscle
contraction, and Luigi Galvani (1737-1798) dis-
covered the electrical basis of nerve impulses.
The field of psychology, a term coined by David
Hartley (1705-1757), began at this time and
dealt with the study of the mind and behavior. A
number of philosophers, including David Hume
(1711-1776) and Francois Voltaire (1694-1778),
originated theories of the mind and of the
human sense of morality.

Medicine: Prevention of Disease

The eighteenth century saw a number of discov-
eries important to the prevention of disease,
though in several cases the full impact of these
discoveries was not felt for some time. For ex-
ample, Percival Pott (1714-1788) found a high
incidence of cancers of the scrotum and nasal
cavity among chimney sweeps. This provided
the first link between environmental factors and
cancer, links that are still being investigated.
James Lind (1716-1794) demonstrated experi-
mentally that citrus fruits could prevent and
cure scurvy, a nutritional deficiency common on
long sea voyages and ultimately linked to a lack
of vitamin C. At the end of the century, Edward
Jenner (1749-1823) developed the first vaccine,
an inoculation to prevent against the dreaded
disease of smallpox. The vaccine contained cow-
pox, a virus that was less dangerous than the
one causing smallpox, yet one that produced an
immune response providing protection against
the more serious infection.

It was also in the eighteenth century that
the field of public health originated with the aim
of improving living conditions, thus controlling
and preventing disease. Johann Peter Frank
(1745-1821) wrote a six-volume work on med-
ical policy and identified poverty as the “mother
of disease.” John Howard (1726-1790) cam-
paigned for improved cleanliness in poorhouses,
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prisons, and hospitals, where sanitary condi-
tions had been abominable. In general, there
was a growth in the number and importance of
hospitals, with a wave of construction occurring
in Europe after 1730 and in America after 1750.

Medicine: Treatment Methods

There were changes in a number of branches of
medicine during the eighteenth century. Franz
Mesmer (1734-1815) developed a controversial
technique of hypnotism to cure disease. Also,
surgery became a more common and respected
field as surgeons developed techniques for treat-
ing such conditions as ear infections and
cataracts and for the removal of cancerous
lymph glands. The British surgeon John Hunter
(1728-1793) was a key figure in the transforma-
tion of surgery from a craft into an experimental
science through his research on inflammation.

Along with the increased status of surgeons,
there was a move in obstetrics from female to
male domination of the field of midwifery, where
new instruments such as the forceps were used
in delivering babies. In dentistry, Pierre
Fauchard (1678)-1761) made advances in tech-
niques for filling cavities and Philipp Pfaff popu-
larized casting methods for making false teeth.

The Future

By the close of the eighteenth century the life
sciences were poised for the great advances that
would occur in the next century. Jean Baptiste
de Lamarck (1744-1829), building on the work
of his teacher Buffon, would soon publish his
theory of evolution, asserting that species
change over time. Later, Charles Darwin (1809-
1882) would offer an even more convincing evo-
lutionary theory. Experimentation would contin-
ue to become more important in the study of or-
ganisms, with Claude Bernard (1813-1878)
popularizing the experimental method in biolo-
gy and doing significant research in physiology.
Work toward improving sanitation would ex-
pand with the building of sewer systems and by
providing cleaner water supplies in cities. Medi-
cine would also see the development of antisep-
tic procedures in surgery and the establishment
of the germ theory of infectious disease.

ROBERT HENDRICK
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Natural Theology

Overview

Natural theology is a system of finding basic
truths about the existence of God and human
destiny by reason. “Natural” refers to the idea
that reason is an essential faculty possessed by
all thinking people. Thus, in this view, rational
thinking may also provide a basis for revelation,
so that reason and revelation go hand in hand.
This approach supports the discovery of reli-
gious truths through rational argument, proofs,
and reason, and is often concerned with two
principal topics: 1) Can God’s existence be logi-
cally and rationally proved?, and 2) Can the im-
mortality of the soul be arrived at through logi-
cal, rational argument?

Several eighteenth-century philosophers
and scientists, notably John Ray (1627-1705),
Robert Boyle (1627-1691), William Derham
(1657-1735), Nehemiah Grew (1641-1712),
and Samuel Clarke (1675-1729), contributed to
and developed these ideas. Natural theology had
a great influence on the sciences, and biology in
particular. Opponents to natural theology were
led by Scottish philosopher David Hume (1711-
1776), who pointed out that while the system
had logic, it was also possible for things to fall
together by chance.

Background

The idea of the existence of God in nature was
present in the Greco-Roman world. Saint Paul,
in his epistle to the Romans, wrote that since the
creation of the world an eternal God is seen in
things that are made. (Romans 1:20). Design in
nature is a major supportive theme and argu-
ment. These organized designs, it was assumed,
pointed toward a divine Creator who must have
created the patterns. Anselm, an early church
thinker, proposed that all humans possess the
idea of God, which in itself implies the existence
of a corresponding reality.

Thomas Aquinas (1225-1274) posited “five
ways” of establishing the existence of God, so
that from our experience as human beings we
must conclude the existence of an infinite being
on whom the world depends. According to his
schema: 1) when looking at the world of mo-
tion, we must conclude there is a Prime Mover;
2) when looking at result or cause, we must con-
clude there is a First Cause; 3) when we look at

SCIENCE A N D I' TS

TIMES ~

the unsure happenings in life, we must conclude
there is a Necessary Being; 4) when we look at
the imperfections of life, we must conclude there
is a Perfect Being; 5) when we look at order and
design, we must conclude there is a Supreme In-
telligence that created design and order.

The intellectual energy of the Renaissance
sparked an adventuresome exploratory spirit in
Europe. In 1509 Nicholaus Copernicus (1473-
1543) proposed a revolutionary new view of the
cosmos, positioning the sun—not the Earth—at
the center of the solar system. This impact on
traditional thought caused many to question the
values of the Church and the existence of God.

Impact

The Enlightenment of the seventeenth and eigh-
teenth centuries saw a period of great conflict
between science and religion. Many of the En-
lightenment thinkers were also Christians who
did not want to undermine religious beliefs. The
theologians of the time tried to adjust their be-
liefs to the scientific theories of Copernican as-
tronomy and Newtonian physics. Many revived
and revised St. Thomas’s earlier five proofs.
These scientists were involved in different areas
of discovery.

John Ray, the son of a village blacksmith in
Black Notley, Essex, England, came to Cam-
bridge at a time when the organization of chem-
istry and anatomy was just beginning. A devout
Puritan, he became respected and prospered as
part of the regime of Oliver Cromwell. He re-
ceived a bachelor’s degree in 1648 and then
spent the next 13 years as an academic scholar.
With the Restoration of the monarchy, Ray hit
unfortunate times since he was a dedicated Puri-
tan. He had refused to sign the Act of Uniformi-
ty, leading to his dismissal from Cambridge in
1662. Some prosperous friends supported him
for 43 years while he continued to work as a
naturalist.

In 1660 Ray began to catalog plants growing
around Cambridge and, after studying that small
area, explored the rest of Great Britain. His dedi-
cation to taxonomy (the establishment of an or-
derly account of species) was fitting, as he was
also interested in finding order in the world
through natural theology. A turning point in his
life occurred when he met Francis Willughby
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(1635-1672), a fellow naturalist who convinced
him to undertake a study of the complete natural
history of living things. Ray would investigate all
of the plants and Willughby all of the animals.

The two searched Europe for flora (plants)
and fauna (animals). In 1670, just as Ray pro-
duced his “Catalog of English Plants,” Willughby
suddenly died, leaving Ray to finish both pro-
jects. He published Ornithology and History of
Fish, giving all the credit and recognition to
Willughby.

While he was continuing his major works in
botany, Ray also published three volumes on reli-
gion. In an 1691 essay called “The Wisdom of
God Manifested in the Works of Creation” he de-
lineated the full range of his correlation of sci-
ence with natural theology. The essay described
how it was obvious that form and function in or-
ganic nature demonstrated there must be an all-
knowing God. This argument of design support-
ing a static view was contrdicted by the develop-
ment of evolution in the nineteenth century.

Also of importance was Robert Boyle, an
Irish chemist and natural philosopher. Though
known for his work on the properties of gases
and the chemical elements, he was a great de-
fender of the Christian faith. The fourteenth
child of a family of wealth and influence, he
went to Eton College and there began his experi-
mental work while writing moral essays as well.
At his estate in Ireland he was very interested in
anatomical dissection. At the University of Ox-
ford he came into contact with Robert Hooke
(1635-1703), the scientist who discovered cells.
Hooke was also an able inventor, and they
worked to demonstrate the physical characteris-
tics of air and the necessity of air in combustion,
respiration, and the transmission of sound.

Boyle was dedicated to proving the Christ-
ian religion against what he called “notorious
infidels.” He was a devout Protestant and took a
special interest in promoting the Christian reli-
gion abroad. In 1690 he wrote a book called
The Christian Virtuoso, in which he sought to
show the study of nature was a central religious
duty. He believed that nature was a clock-like
mechanism that had been made and set in mo-
tion by a divine Creator. This, it was believed,
was done at the beginning of time and there-
after the world functioned according to sec-
ondary laws. In line with natural theology,
Boyle asserted that science can reveal these sec-
ondary laws. Indeed, he believed the human
soul was much more than just the circulation
and moving blood cells in the body.
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William Derham, a chaplain and ordained
deacon of the Church of England, was very in-
terested in the work of Boyle and delivered lec-
tures on his ideas. He published many papers on
meteorology, astronomy, and natural history, as
well as an outstanding work on the sexes of
wasps. His admiration of the works of Ray and
Hooke led him to natural theology.

Though Derham published new editions of
Ray’s Physico-Theological Discourses and Philo-
sophical Letters, it is for his own works that he is
known. The Artificial Clockmaker and Astro-The-
ology were translated into French, Swedish, and
German. “Astro-theology” concerns the attempt
to argue from astronomy to God. Derham’s
works greatly influenced William Paley (1743-
1805), the great natural theologian of the late
eighteenth century.

Nehemiah Grew, an English physician and
botanist, was one of the founders of the science
of plant anatomy. As he pondered the growth
and anatomy of plants and how they reproduce,
he became convinced that the design must be
part of the wisdom of God, the infinite designer.
Grew was very prominent and was elected to the
Royal Society in 1671. His most famous work
was The Anatomy of Plants (1682), but he also
wrote Cosmologia Sacra, or sacred cosmology, in
1701, in which he described the rational beliefs
of natural theology.

Samuel Clarke, an English theologian,
philosopher, and chaplain to Queen Anne, at-
tempted to prove the existence of God by math-
ematical methods. He presented his ideas in A
Demonstration of the Being and Attributes of God
(1795). He also established a group of moral
principles that aspired to the certainty of mathe-
matical propositions, presented in the essay “A
Discourse Concerning the Unchangeable Oblig-
ation of Natural Religion” (1706). Clarke was a
friend and disciple of Isaac Newton (1642-
1727) at the University of Cambridge, and was
dedicated to spreading Newton’s views. He de-
fended Newton as well as Christian religion in
four collected volumes of his works (1738-42).
It was Clarke in particular who provoked
Hume’s criticism of religion.

Hume, one of the greatest critics of natural
theology, is well known for his skepticism and
empiricism. In his 1779 Dialogues Concerning
Natural Religion he determined that the world
was more or less a smoothly functioning sys-
tem or it would not exist. He argued that the
world may have come about by chance as parti-
cles falling into a temporary or permanent self-
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sustaining order. These chance developments
have the look of design, but really are not.
Hume also pointed out that the world is not
perfect. There are many examples of human
and animal suffering, and one cannot assume a
good and powerful Creator would make such
an imperfect world.

Less than a century later Charles Darwin
(1809-1882) postulated that adaptations of life
forms are the result of natural selection. Those
species that adapted, survived; those that did
not, died. And thus the “survival of the fittest”
was ensured. Darwin’s theory of evolution by
natural selection contradicted the claims of nat-
ural theology. Evolution suggested that life origi-
nated and changed according to scientifically
structured laws with timeframes and outcomes
that directly refuted biblical claims.

Discussions about natural theology now are
generally relegated to philosophers and theolo-
gians. While some groups invoke arguments of
divine design, most modern scientists have rec-
onciled and accepted a separation between sci-
ence and religion.

EVELYN B. KELLY
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The Mechanical Philosophy: Mechanistic
and Materialistic Conceptions of Life

Overview

Physiological studies from ancient times to the
present have been guided implicitly or explic-
itly by a philosophical framework that has
been either mechanistic or vitalistic. The
mechanistic philosophy asserts that all life
phenomena can be completely explained in
terms of the physical-chemical laws that gov-
ern the inanimate world. Vitalist philosophy
claims that the real entity of life is the soul, or
vital force, and that the body exists for and
through the soul, which is incomprehensible
in strictly scientific terms. The triumph of
Newtonian physics is reflected in the mecha-
nistic materialism of the French philosophes of
the Enlightenment and the mechanical philos-
ophy adopted by many naturalists. Among the
eighteenth-century naturalists who applied the
concepts of mechanical philosophy to their
scientific research and writings were Julien de
la Mettrie (1709-51); Georges Louis Leclerc,
comte de Buffon (1707-1788); and Erasmus
Darwin (1731-1802).

Background

New ideas about chemistry, physiology, and
medicine were promoted by teachers at Europe’s
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leading medical schools, including Hermann
Boerhaave (1668-1738), who taught chemistry,
physics, botany, ophthalmology, and clinical
medicine at the University of Leiden. Boerhaave’s
approach to anatomy, physics, and chemistry
was widely disseminated by devoted students
and disciples, such as Albrecht von Haller
(1707-1772). Physiology owes a great debt to
von Haller, who carried out an enormous num-
ber of experiments and summarized the state of
physiology in his Elements of Physiology. For ex-
ample, von Haller’s experiments on the nervous
system led him to conclude that the soul had
nothing in common with the body, except for
sensation and movement that seemed to have
their source in the medulla; therefore, the
medulla must be the seat of the soul. Eigh-
teenth-century chemists also made major contri-
butions to understanding the relationship be-
tween the circulation of the blood and the ex-
change of gases in respiration. Stephen Hales
(1677-1761), who invented the pneumatic
trough, investigated the hydraulics of the vascu-
lar system, the chemistry of gases, the respira-
tion of plants and animals, and the measurement
of blood pressure. Much of this work was re-
ported in Vegetable Staticks (1727) and Statistical
Essays, containing Haemastaticks (1733).
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Erasmus Darwin. (Archive Photos, Inc./Corbis.
Reproduced with permission.)

According to the mechanical philosophy,
also known as materialism, all phenomena, even
if not obviously mechanical in nature, can be re-
duced to primary qualities inherent in matter. In
part, the mechanical philosophy represented the
rejection of Aristotelian physics and the triumph
of the Scientific Revolution, which led to new
ways of thinking about the cosmos and the dy-
namic functions of the body. The mechanical
philosophy systematized by the philosopher and
mathematician René Descartes (1596-1650),
who described animals and the human body as
machines, is of special significance to the history
of physiology.

The writings of Descartes provided the most
influential philosophical framework for a mech-
anistic approach to physiology. The fundamental
platform of Descartes’s mechanical philosophy
was that all natural phenomena could be ex-
plained in terms of matter and motion. Never-
theless, the mechanical philosophy was not nec-
essarily atheistic or incompatible with religious
beliefs in a Creator. Pious naturalists could as-
sume that God was not directly involved in the
ordinary motions of the universe or the normal
activities of living beings.

Cartesian doctrine essentially treated ani-
mals as machines and explained their activities
as the motions of material corpuscles and the
heat generated by the heart. Even human be-
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ings could be seen as earthly machines that
differed from animals by virtue of the “rational
soul,” which governed thought, volition, con-
scious perception, memory, imagination, and
reason. Descartes’s disciples saw him as the
first philosopher to dare to explain human be-
ings in a purely mechanical manner. The
Cartesian concept of animals and the human
body as machines reached its ultimate expres-
sion in the writings of Julien de La Mettrie, au-
thor of Chomme Machine (1748). The mechani-
cal philosophy allowed naturalists to investi-
gate nature without relying on the vitalistic
“soul” and “spirits” that had characterized an-
cient and Renaissance science. Only the ratio-
nal soul of human beings remained as part of
natural history. Some natural philosophers,
such as La Mettrie, were willing to discard
even this “soul” for a fully materialistic and
atheistic system.

Impact

La Mettrie was quite willing to let his materialis-
tic scientific theories conflict with or contradict
Christian dogma. His materialistic interpreta-
tions of psychic and physiological phenomena
were published in A Natural History of the Soul
(1745), LHomme-machine, Discoutrse on Happi-
ness (1748), and The Small Man in a Long Queue
(1751). La Mettrie argued that we cannot really
understand either the soul or matter. Clarity of
thought, however, was obviously affected by
fevers and other illnesses. This proved that
thought, allegedly a function of the rational soul,
was actually a function of the brain and was de-
pendent on physical conditions. Because of the
problems caused by his unorthodox views, La
Mettrie sought refuge in Holland. In CHomme-
machine, which he wrote in Holland, La Mettrie
presented man as a machine whose actions were
entirely the result of physical-chemical factors.
Experiments on animals indicated that peristal-
sis continued even after death and that isolated
muscles could be artificially stimulated to con-
tract. La Mettrie reasoned that if these facts were
true for animals, they must also be true for hu-
mans. In contrast to Descartes, however, La Met-
trie denied the claim that humans were essen-
tially different from animals. For La Mettrie, hu-
mans were essentially a variety of monkey,
superior mainly by virtue of the power of lan-
guage. Rejecting the mind-body dualism of
Descartes, La Mettrie further argued that even
the mind must depend directly on physiochemi-
cal processes. Substances such as opium, coffee,
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and alcohol affected both the body and the
mind, affecting thoughts, mood, imagination,
and volition. Moreover, diseases attacked the
mind as well as the body. La Mettrie taught that
atheism was the only road to happiness and that
the purpose of human life was to experience the
pleasures of the senses. Many aspects of his the-
ories were incorporated into behaviorism and
modern materialism. Eventually, La Mettrie
found refuge at the court of Frederick II of Prus-
sia, where he was able to write, lecture, and
practice medicine until his untimely death.

Although Erasmus Darwin, English natural-
ist and physician, is now primarily remembered
in connection with his grandson Charles Darwin
(1809-1882), he was widely known in his own
time. Indeed, his wide range of scientific inter-
ests established him as the leader of the Lunar
Society, an association that included some of the
most important British scientists and inventors
of the eighteenth century. Erasmus Darwin’s
major treatise, Zoonomia, or the Laws of Organic
Life (1794-1796), deals with medicine, patholo-
gy, and the mutability of species. Unlike
Descartes, Erasmus Darwin attempted to prove
that the same intellectual principle existed in
humans and animals. His Zoonomia dealt with
essentially all of the central questions of late
eighteenth-century biology. He is generally given
little credit for originality despite his sweeping
speculations, particularly about evolution. Ac-
cording to Erasmus Darwin, all animals arose
from a “living filament.” In general, his approach
to vital phenomena was mechanical, especially
his ideas about epigenesis; he believed that all of
nature could be explained in terms of matter
and motion.

Georges Louis Leclerc, comte de Buffon,
the great eighteenth-century French natural his-
torian and mathematician, is primarily remem-
bered for his encyclopedic Natural History (His-
toire naturelle, générale et particuliere, 44 vol-
umes, 1749-1804), a systematic account of
natural history, geology, and anthropology. Buf-
fon was a disciple of Newtonian physics, but he
was aware of certain difficulties involving a
strict application of the mechanical philosophy
to natural history. It seemed impossible to Buf-
fon that simple attraction and repulsion be-
tween inert atoms could produce living beings.
Instead, he suggested that living matter was
made up of “organic molecules” that were di-
rected by an “interior mold.” He also postulated
a special “penetrating force” that guided the or-
ganic molecules to their proper places in the in-
terior mold. Although his writings were very
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popular, Buffon’s ideas about geological history,
the origin of the solar system, biological classifi-
cation, the possibility of a common ancestor for
humans and apes, and the concept of lost
species were considered a challenge to orthodox
religious doctrine. His Epochs of Nature and The-
ory of the Earth were especially controversial.
Buffon was the first naturalist to construct geo-
logical history into a series of stages. He sug-
gested that Earth might be much older than
church doctrine allowed and speculated about
major geological changes that were linked to the
evolution of life on Earth. Buffon suggested that
the seven days of Creation could be thought of
as seven epochs of indeterminate length. These
speculations led to an investigation by the the-
ology faculty of the Sorbonne. Buffon avoided
censure by publishing a recantation in which he
asserted that he had not intended his account of
the formation of the earth as a contradiction of
scriptural truths.

Mechanical philosophy, however, did not
work well when confronted with complex vital
phenomena such as reproduction, development
and differentiation, nutrition, and growth. Opti-
mism about the explanatory power of mechani-
cal philosophy began to decline by the middle of
the eighteenth century. Many physiologists came
to the conclusion that mechanical explanations
for the activities of living beings were impossible
and inappropriate. Naturalists argued that it was
more useful to reduce complex vital (living)
phenomena to simpler components that could
be analyzed, or at least fully described and
linked to each other. The new ideas and meth-
ods that emerged from the revolution in chem-
istry provided new ways of understanding some
vital phenomena, such as digestion, respiration,
and the role of the circulation of the blood. By
the second half of the eighteenth century, new
ideas from chemistry and experimental physics,
especially the study of electricity, were exerting a
profound influence on physiology and medicine.

LOIS N. MAGNER
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The Search for New Systems
of Classification

Overview

As naturalists began to expand their reach and
study more and more of the Earth, they began
to find such a bounty of plants and animals
that the current and relatively informal prac-
tice of naming new discoveries quickly be-
came outdated. Botanists and zoologists found
themselves overwhelmed and unable to keep
track of the different organisms. By the 1700s
the problem had become severe. Swedish nat-
uralist Carolus Linnaeus (1707-1778) recog-
nized the need for a clear and logical method
of classifying and naming living things. Thus,
in his Systema naturae (1735) he introduced
the practice of using two Latin names—one
for genus, the other for species—to identify
each different plant and animal known to
man. This method, termed binomial nomen-
clature, is still used today. Baron Georges Cu-
vier (1769-1832) further refined the system of
classification by providing a description for
so-called “type” animals that are representa-
tives of each species.

Background

The 1700s saw a dramatic rise in the number of
discoveries of living things. Botanists in particu-
lar introduced new species almost daily. At that
time, however, the naming of plants was a very
inexact science without universal guidelines.
The result was a confusing tangle of plant names
that made it difficult, if not impossible, both to
determine how a new plant compared to other
varieties and to simply ascertain whether a
“new” plant had really already been discovered
and given a different name by another botanist.
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Carolus Linnaeus. (Library of Congress. Reproduced
with permission)

The same situation was faced by zoologists and
animal species.

Linnaeus recognized the depth of the prob-
lem early in his career. With only four years of
formal higher education behind him, he went to
Lapland to conduct a five-month survey of its
plants, animals, and minerals. During that five-
month survey he wrote detailed descriptions of
all of the organisms he encountered. Upon his
return, as he summarized his findings and dis-
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coveries, he also drafted the first edition of Sys-
tema naturae.

The first edition of Systema naturae was a
15-page publication that presented a prelimi-
nary view of his thoughts on classification. Over
the years, he published subsequent and much
longer editions, including what would become
the most influential—the 1,300-page 10th edi-
tion in 1758. In all, he published 12 editions.
Under Linnaeuss system, each organism receives
a generic (genus) and specific (species) name.
The generic name helps botanists and zoologists
to determine which organisms are closely relat-
ed. Two species of cattails, for instance, share the
genus Typha. The specific name is unique to that
organism. The common cattail’s specific name is
latifolia, whereas the narrow-leaved cattail car-
ries the specific name of augustifolia. Under the
two-name system, or binomial nomenclature,
the common cattail’s scientific name, then, is
Typha latifolia, while the narrow-leaved cattail is
Typha augustifolia. (The genus name is often ab-
breviated to its first initial in subsequent refer-
ences, such as T. latifolia and T. augustifolia.)

Linnaeus also developed higher levels of or-
ganization—with kingdom at the top, then class,
order, and finally genus and species. He de-
scribed three kingdoms: one for animals, one for
plants and one for minerals. Each kingdom con-
tained classes. His original classes under the ani-
mal kingdom, for example, included Amphibia
(amphibians), Aves (birds), Insecta (insects),
Mammalia (mammals), Pisces (fish), and Vermes
(worms). While he arranged animals with an eye
toward morphological similarities, he classified
plants based on their flowers and other parts of
their reproductive systems, such as the stamens
and pistils.

Other eighteenth-century scientists also
made important contributions to the classifica-
tion system. French zoologist Cuvier introduced
to Linnaeus’s animal hierarchy the phylum level,
which falls between kingdom and class. His four
phyla included Vertebrata (animals with a back-
bone), Mollusca (including clams and squid),
Articulata (including worms and insects), and
Radiata (including sea anemones and jellyfish).
Scientists Michel Adanson (1727-1806) and
Georges Buffon (1707-1788), who was actually a
critic of Linnaeus, furnished the classification
system with the level of family between genus
and order.

Cuvier also developed the concept of
“types” to represent animal species. One particu-
lar species of grasshopper, then, would have one
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individual—the “type”—to represent and de-
scribe the entire species. That type would carry
the species’ different characteristics.

Impact

The classification system introduced by Lin-
naeus in the 1700s has shaped the way botanists
and zoologists view the natural world. Linnaeus
brought logic and organization to the naming of
plants and animals, and also put in place a taxo-
nomic system that encouraged scientists to look
for similarities and differences among organ-
isms.

In his Systema naturae Linnaeus described
kingdom, class, order, genus, and species. All of
these levels of hierarchy remain in use today,
along with many of the titles he assigned. His
original class names of Mammalia, Aves, Am-
phibia, and Insecta, along with his kingdoms of
Plantae and Animalia, have survived the test of
time. Scientists have since more than quadru-
pled the number of classes, and added many,
many genera to Linnaeus’ original list. His clas-
sification system, however, was so versatile that
it allowed for this massive growth.

With his system—along with the additions
in hierarchy levels, such as the family and phy-
lum—scientists can now understand a great deal
about an animal or plant just by knowing where
it is placed taxonomically. For example, a new
species can usually be immediately identified as
belonging to only one of the multitude of orders.
All frogs and toads, for example, fall under
Order Anura. All members of the Order Anura
share certain characteristics, so although a zool-
ogist may not have done a complete study of
that particular organism, he or she can initially
assume that the specimen shares the order’s
characteristics, such as the presence of a short-
ened backbone or the use of external fertiliza-
tion in reproduction. By noting other character-
istics, which are often readily apparent, scien-
tists can then quickly place the plant or animal
in the correct family. For example, members of
the Bufonidae (true toads) family of the Order
Anura have thick, warty skin, and likely lay their
eggs in long strings.

As this process of deduction continues, the
identification follows down to the species level.
Species are defined as groups of organisms that
breed with one another and produce viable off-
spring. In all of the taxonomic levels, only the
species is a natural unit. The others—from genus
all the way to kingdom—are artificially created
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groupings formed to help scientists wend their
way through the tangle of living things.

Zoologists and botanists officially accepted
Linnaeus’s classification system in the early
twentieth century. Botanists regard Linnaeus’s
1753 Species plantarum as the starting point for
plant naming, and zoologists chose his 1758
tenth edition of Systema naturae as the starting
point for animal names. For animals, the official
recognition demanded that all names given to
organisms become applicable only from 1758
hence, with the earlier names taking precedence
over later names. In other words, the first name
stands. Linnaeus provided a massive list of
species in the 1758 publication. Some of the
species he had collected himself, but many oth-
ers came from the entourage of students who
studied under him. Since Linnaeus named so
many species, and his listing falls at the starting
point of 1758, his genus and species names are
still used today. Often the scientific literature
will list the year the species was named along
with the person who named it. An example is
the northern pike, which may appear as Esox lu-
cius Linnaeus 1758. If the genus has changed
since the original naming, parentheses will sur-
round the person’s name in the listing. Linnaeus
spent many years providing names for organ-
isms, so it is common to find “Linnaeus” or sim-
ply “L.” following scientific names.

The designation of a single, universal scien-
tific name for each species was a giant step for-
ward for zoologists and botanists. Scientists
around the world used the same name to de-
scribe the same species. No matter how far apart
they worked, scientists could finally exchange
and share data with the confidence that all con-
cerned were working with the same organism.

Both Linnaeus’s organizational system and
Cuvier’s contribution of the “type” organism also
proved to be great aids for zoologists and
botanists trying to determine whether a newly

found organism was actually a member of a new
species. The taxonomical hierarchy provided a
clear path to the correct group of comparison
organisms, while the “type” provided one—and
only one—accepted description for that species.

Linnaeus was also well known for his im-
mense collection of plants and animals. Over his
lifetime, he received specimens not only from his
nearly 200 students but from botanists and zool-
ogists worldwide. His work continued after his
death most notably through his student Johan
Christian Fabricius (1743-1808), a Danish zool-
ogist. Fabricius began to classify the huge class of
insects based on their mouthparts. His work en-
couraged early eighteenth-century entomologists
to describe and arrange the invertebrates.

The Linnaean Society formed shortly after
Linnaeus died, and became the caretaker of his
library and specimen collection, which had be-
come the largest in Europe. His manuscripts and
collection are now housed in London.

Since Linnaeus developed his classification
system, scientists have made new discoveries of
organisms, and have proceeded with a wide
range of morphological, genetic, and other stud-
ies. As new research presses on, the placement
of plants and animals within the taxonomical hi-
erarchy may change, but Linnaeus’s classification
system remains the foundation that directs the
way scientists look at the natural world.

LESLIE A. MERTZ
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The Great Debate:
Preformation versus Epigenesis

Overview

During the 1700s in Europe, embryology was
the focus of a controversial and lively debate that
involved many of the greatest and most celebrat-
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ed scientists and philosophers of that time. Most
scientists were convinced that all embryos exist-
ed since Creation as preformed miniatures, held
within their parents, ready to simply grow larger
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and emerge when their time arrived. But a few
scientists believed that each embryo was formed
gradually, structure by structure, in a develop-
mental series that started with the undifferentiat-
ed materials of the egg. Both sides of “The Great
Debate” used the subjective philosophies of the
Enlightenment period, such as rationalism and
vitalism, to fill the gaps created by the limita-
tions of their eyes and early microscopes, which
left them unable to advance embryology any fur-
ther. The Great Debate has come to symbolize
the effects that cultural and nonscientific factors
can have on scientists and their interpretation of
scientific facts and theories.

Background

The biology of reproduction, or the ability to
recreate new individual organisms, is possibly
the single most remarkable phenomenon of life,
and this process has remained a central issue of
biology for several centuries. Man’s quest to un-
derstand exactly how a new organism forms, re-
ferred to as “generation” in the past and current-
ly termed “embryology,” challenged the ability of
many of history’s greatest scientists and philoso-
phers. The difficulty of studying such minute
structures left anatomists and physiologists of
the seventeenth and eighteenth centuries with-
out the requisite facts needed to understand the
events and processes of embryo formation. This
period of scientific research and discovery was
dominated by philosophers and scientists who
were deeply affected by their own subjective in-
terpretation of the world around them. The
Great Debate that followed occurred among a
group of men—women scientists were very rare
during this period—who were passionate about
science and the natural world, and many were
devoted to God and what they saw as the illumi-
nation of his divine plan. Though concerned
with the specific facts of embryo development,
at its core the Great Debate questioned the role
of God as divine Creator and ultimate source of
all living organisms.

Most scientists and philosophers of the
eighteenth century were preformationists, based
on the works of researchers such as Joseph of
Aromatari, who claimed to see miniature chick
embryos in chicken eggs even before incubation
(1626). Later, Jan Swammerdam (1637-1680)
stated a distinct theory of preformation based on
similar research with insect, chicken, and frog
eggs (1669). Swammerdam’s ideas on preforma-
tion were further expanded in 1674 by Nicolas
de Malebranche, who postulated emboitement, or
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the encasement theory, in which completely pre-
formed embryos were arranged in a box within a
box system. Preformationists believed that all
living organisms, plant and animal, were created
in complete but miniature form, within the eggs
that each parent contained. Emboitement postu-
lated that all future generations existed in a long
series of miniature, complete embryos held in
place and awaiting their appointed time to grow
and emerge. During the eighteenth century Al-
brecht von Haller (1708-1777), an accom-
plished and distinguished scientist as well as a
deeply religious man, became the preeminent
advocate and supporter of preformation.

On the opposite side of this debate were the
epigenesists, united in their complete rejection
of preformation. They sought to explain the de-
velopment of the embryo as a gradual formation
of embryonic structures from the undifferentiat-
ed materials of the egg. One classic version of
embryo formation was postulated by Aristotle
(384-322 B.C.), who observed that the chicken
embryo and its internal structures were not pre-
formed but rather formed gradually. Two thou-
sand years later in 1651, William Harvey (1578-
1657), studying chicken and deer embryos,
reached the same conclusion. Harvey stated that
all life comes from an egg and that the embryo
builds its organs and other parts individually, in
succession and due order, in a process he
termed “epigenesis.” And like Aristotle, Harvey
also postulated that a life force, which he called
the “generative principle,” initiated the embryo’s
growth after fertilization. Later, Caspar Friedrich
Wollf (1738-1794) would take the lead in re-
searching and advocating a theory of epigenesis
that would counter the preformationists and
their often implausible explanations.

Impact

Interestingly, the theory of preformation that de-
veloped in the eighteenth century was based on
the apparently erroneous results reported by two
researchers both considered by their contempo-
raries to be prime founders of preformation.
First, Swammerdam reported dissecting com-
plete butterflies from chrysalids as well as from
within caterpillars. He went further in not only
claiming that a complete butterfly would also be
found in the egg, but that all animals are pre-
formed as minute embryos awaiting an embry-
ological development of simple enlargement.
Perhaps more scientific than Swammerdam, but
similarly in error, was Marcello Malpighi (1628-
1694), who made detailed observations of
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chicken embryos at various developmental
stages, including the presence of a beating heart
at 38 hours of incubation. However, Malpighi
also reported finding advanced organ develop-
ment in fertilized but unincubated eggs. He be-
lieved (apparently incorrectly) that these eggs
had not yet begun to undergo any development
but still possessed the preformed rudimentary
structures of the embryo. Other scientists and
philosophers used these reports to bolster their
support for and establishment of preformation.

After Harvey, further support for epigenesis
came from Abraham Tremblay (1710-1784),
who reported on the unusual ability of the hydra
to reproduce through budding and by artificial
means. Tremblay cut hydras into small pieces,
which re-grew into whole new individuals. This
discovery sent shock waves through the prefor-
mationists and their theories, including Haller,
then a preformationist influenced by his univer-
sity mentor. Haller now rethought his position
and predicted the eventual abandonment of pre-
formation theory due to several overwhelming
observational facts. First, Tremblay’s work re-
vealed that the hydra possessed the ability to or-
ganize itself as necessary. It was believed that
this power could also be seen in the embryo,
when its original fluid state gradually changed
into organs and internal structures, which con-
tinue to change over time. Finally, how could it
be that offspring typically resemble both of their
parents if they are the result of preformed em-
bryos from one parent or the other? Still, for
most scientists, the philosophy and religious im-
plications of preformation held sway over both
the ideas of epigenesis and the observed facts of
embryo formation.

Previously, when Anton van Leeuwenhoek
(1632-1723) confirmed the presence of “sper-
matic animalcules” in semen (1677), some sci-
entists began to argue that the sperm held the
preformed embryo, and some animalculists
(spermatists) even imagined that a homunculus,
or very minute human, was found in the head of
the sperm. Animalculists, including Haller, saw
the female as merely providing a supportive and
nutritive environment for the enlarging sperm-
fetus. Then in 1745 Charles Bonnet (1720-
1793) reported that female aphids could pro-
duce miniature aphid offspring without fertiliza-
tion, giving support for ovism, or the belief that
the female egg housed the preformed embryo. In
1758 Haller, influenced by Bonnet and studying
chicken embryos, returned to preformationism,
supporting the ovist view, thus rejecting his view
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of epigenesis. For a period of time, a major sci-
entific conflict raged between animalculists and
ovists, both groups doing vigorous battle despite
their inability to accurately see most of the de-
tails of either germ cells or of embryo develop-
ment. Instead, philosophical beliefs and ratio-
nalist ideas were substituted, even displacing the
actual observed facts.

Epigenesis slowly began to gather renewed
support in response to both the successes of the
new mechanical laws of physics and astronomy
and the apparent deficiencies and inconsistencies
of the preformationist theories. With the advent
of gravitational and mechanical laws, new ap-
proaches were being applied to living organisms,
with the idea that matter and its “forces” could
reasonably be applied to living organisms. Al-
though epigenesists used more observational and
empirical data to support their belief that em-
bryos formed gradually from undifferentiated ma-
terials in the egg, they had great difficulty in pro-
viding explanations as to just how and why these
changes actually happened. This was the great de-
ficiency that discredited epigenesis in the minds
of most scientists of the eighteenth century.

Haller was a well respected physician,
anatomist, and physiologist as well as a botanist,
poet, and noted writer when he concluded that
the egg contained the preformed embryo. He
would quickly become the foremost advocate
and ardent supporter of preformation. Haller be-
lieved that science should aim to confirm the
presence of God and his divine Creation, and
must be carried on within the limits of religion,
rejecting any theories that promoted materialism
or atheism. Haller could not accept any theory
in which matter itself possessed creative powers
or formative abilities that were the domain of
God alone. Thus Haller rejected epigenesis and
embraced performation, despite the observed
factual conflicts he once advocated. He argued
that preformed embryos were simply too small
to be seen before development, or that they were
invisible until they gained their colored forms,
and furthermore, there was a limit to what man
could learn and understand about the world and
nature, and that limit was set by God.

Pierre Louis Moreau de Maupertuis (1698-
1759), already widely accomplished and cele-
brated for his research confirming Newtonian
principles, published Venus physique (1745), in
which he boldly supported epigenesis. He ar-
gued largely on the basis of the biparental
human inheritance patterns he had studied in
detail. Maupertuis believed that embryos result-
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ed from the uniform mixing of particles present
in the semen of the male and female, which rep-
resented all the body parts and structures. Em-
bryos are thus composites of both parents, and
the gradual formation of the embryo was the re-
sult of a cohesive natural force that directs this
process. This position was a great challenge to
Haller and the preformationists, who once again
chose to ignore any conflicting observational
data, while attacking and rejecting any idea that
a force of nature not directly of the divine Cre-
ation could form or fashion a living organism,
much less a human being.

Into this scientific and philosophical fray
boldly stepped the youthful Caspar FE Wollff,
who published his doctoral dissertation in
1758, advocating a “rational embryology” in
which epigenesis could be the only process of
true embryo formation. Wolff believed that only
sound scientific methodology could lead to true
knowledge of any biological question, and the
empirical findings of detailed observation com-
bined with the use of rational logic was the best
method. Scientists, Wolff proposed, should as-
pire to gain philosophical knowledge based on
their acquired historical knowledge. Wolff stud-
ied actual embryo formation in great detail, rec-
ognizing that embryos and their structures were
not preformed but rather developed gradually
from the undifferentiated egg. Wolff proposed
that embryos form as a result of a solidification
process of the liquid material in the egg, and
this process is controlled by the vis essentialis, a
life force conceived by Wolff and not very dif-
ferent from previous philosophers. Wolff con-
tinued to research embryology and epigenesis
throughout his considerable career. But the in-
fluence of preformation would not be replaced
by epigenesis until later in the nineteenth cen-
tury, when it received support from another
venerated German scientist, Johann Blumen-
bach (1752-1840), who confirmed the regener-
ation results of Tremblay and announced his ac-
ceptance of epigenesis.

Meanwhile, Haller responded to the chal-
lenge created by Wolff quickly and with rigor, if
not the same arguments he employed previously.
The preformed embryo is both too small and its
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components invisible to the human eye until it
undergoes further growth, he countered once
again. Haller and Wolff corresponded with each
other by letter many times over the next decade,
though neither side apparently moved the other
to any degree. These two men could not have
been more polar in their views: Haller, deeply
convinced of divine Creation and the support
that Newtonian principles gave to the existence
of God’s plan; and Wolff, entrenched in the Ger-
man school of rationalism and in support of a
modified type of vitalism. Haller, with the
weight of his considerable stature, maintained
general support for preformation beyond the
end of the eighteenth century.

The Great Debate still serves to illustrate
how arbitrary hypotheses lead to false systems of
knowledge, and that scientific advancement and
understanding requires sound scientific method-
ology, including proper experimental designs
and observations, followed by empirical analy-
sis. Both sides of this debate, striving to advance
embryology, were unable to overcome the limita-
tions of observation imposed by the size of the
embryo, a situation that would not be resolved
until the nineteenth century, when microscope
efficiency improved dramatically. It is interesting
to note further that preformation and epigenesis
have been synthesized into a contemporary the-
ory in which preformed molecular instructions,
the DNA of the sperm and egg, are combined
and used to create an embryo from the undiffer-
entiated material in the egg.

KENNETH E. BARBER
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The Spontaneous-Generation Debate

Overview

According to the ancient theory of spontaneous
generation, living organisms could originate from
nonliving matter. During the seventeenth and
eighteenth centuries, however, naturalists began
to conduct experiments that challenged the doc-
trine of spontaneous generation. After Francesco
Redi published his Experiments on the Generation
of Insects, the spontaneous-generation debate was
essentially limited to microscopic forms of life.
During the eighteenth century, the French natu-
ralist Georges Buffon and the English micro-
scopist John Turbeville Needham carried out a
series of experiments that seemed to support the
doctrine of spontaneous generation, but their
conclusions and experimental methods were
challenged by the Italian physiologist Lazzaro
Spallanzani. After conducting a series of rigorous
experiments on the growth of microorganisms,
Spallanzani vigorously challenged the belief in
spontaneous generation. Spallanzani claimed
that Needham had not heated his tubes enough
and that he had not sealed them properly.

Background

According to the theory of spontaneous genera-
tion, living organisms can originate from nonliv-
ing matter. Belief in the spontaneous generation
of life was almost universal from the earliest
times up to the seventeenth century. Small,
lowly creatures and all sorts of vermin, which
often appeared suddenly from no known par-
ents, seemed to arise from lifeless materials. In-
sects, frogs, and even mice were thought to arise
from slime, mud, and manure in conjunction
with moisture and heat. In ancient times, this
belief seemed to conform to common observa-
tions about the sudden appearance of insects,
small animals, and parasites. Spontaneous gen-
eration also provided an answer to philosophical
and religious questions about the origin of life.

During the seventeenth and eighteenth cen-
turies, however, some naturalists began to con-
duct experiments that tested and challenged the
doctrine of spontaneous generation. Italian
physician and poet Francesco Redi (1626-1698)
was one of the first to question the spontaneous
origin of living things. In 1668 Redi initiated a
now-famous experimental attack on the ques-
tion of spontaneous generation. Redi discovered
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that when adult flies were excluded from rotting
meat, maggots did not develop. If flies were not
excluded, they laid eggs on the meat and the
eggs developed into maggots. Thus, Redi
demonstrated that maggots and flies were not
spontaneously generated from rotting meats but
instead developed from eggs that were deposited
by adult flies. Although Redis Experiments on the
Generation of Insects (1668) did not totally dis-
credit the doctrine of spontaneous generation,
the eighteenth-century spontaneous-generation
debate was essentially limited to microscopic
forms of life.

Seventeenth-century microscopists were
able to see a new world teeming with previously
invisible entities, including protozoa, molds,
yeasts, and bacteria. Many naturalists thought
that the new world of microscopic “animalcules”
discovered by the great microscopist Anton van
Leeuwenhoek (1632-1723) provided proof that
minute plants and animals were spontaneously
generated in pond water or similar media. Some
naturalists thought that these minute entities
might even be the living molecules, or “mon-
ads,” postulated by the mathematician and
philosopher Gottfried Wilhelm Liebniz (1646-
1716). While Leeuwenhoek was quite sure that
he had discovered “little animals” that must have
descended from parents like themselves, others
took exception to this conclusion. Indeed, ques-
tions concerning the nature, origin, and activi-
ties of microorganisms were not clarified until
the late nineteenth century.

Several interesting accounts of “infusoria”
were, however, published in the eighteenth cen-
tury. Louis Joblot (1645-1723), for example,
confirmed the existence of some of Leeuwen-
hoek’s animalcules. In 1718 Joblot published an
illustrated treatise on the construction of micro-
scopes that described his observations of the ani-
malcules that could be found in various infu-
sions. Joblot is now remembered primarily for
his opposition to the doctrine of spontaneous
generation. To prove that infusoria were not
spontaneously generated, Joblot boiled his
growth medium and divided it into two portions.
A flask containing one portion was sealed off and
the other sample was left uncovered. The open
flask was soon teeming with microbial life, but
the sealed vessel was free of infusoria. To prove
that the medium was still susceptible to putrefac-
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tion, Joblot exposed it to the air and showed that
infusoria were soon actively growing. Joblot con-
cluded that something from the air had to enter
the medium to produce microorganisms.

Impact

Joblot’s experiments were repeated with many
variations by other naturalists, but the results
obtained were not consistent. Among the most
notable eighteenth-century advocates of the doc-
trine of the spontaneous generation of microor-
ganisms were the French naturalist Georges Buf-
fon (1707-1788) and the English microscopist
John Turbeville Needham (1713-1781). Togeth-
er as well as separately, Needham and Buffon
carried out a series of experiments to disprove
the work of Joblot.

John Turberville Needham was a naturalist
as well as a teacher and a clergyman. He was the
first Roman Catholic to become a member of the
Royal Society of London. In 1767 Needham re-
tired to the English seminary in Paris. He devot-
ed the rest of his life to his studies and experi-
ments. Needham had decided to study natural
history after reading accounts of “animalcules”
and “infusoria” and philosophical speculations
about microorganisms, spontaneous generation,
and the origin of life. Having rejected mechanis-
tic theories of physiology, Needham adopted vi-
talism (the idea that life processes cannot be ex-
plained by the laws of chemistry and physics)
and the doctrine of spontaneous generation. In
1745 he published a book entitled An Account of
Some New Microscopical Discoveries, in which he
presented his experimental evidence for the the-
ory of spontaneous generation.

According to Needham, many organisms
developed in prepared infusions of various sub-
stances even if the infusions had been placed in
sealed tubes and heated for 30 minutes. When
Needham repeated Joblot's experiments,
whether the flasks were open or closed and the
medium boiled or not boiled, all vessels soon
swarmed with microscopic life. Needham as-
sumed that this heat treatment should have
killed any living organisms that might have been
in the original medium. According to Needham,
a powerful vegetative force remained in every
particle of matter that had previously been part
of a living being. Therefore, when animals or
plants died, they slowly decomposed and re-
leased the “common principle,” which Needham
thought of as a kind of universal semen from
which new life arose. He concluded that the
growth of microorganisms under his experimen-
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tal conditions proved that spontaneous genera-
tion of microbial life had occurred. Published in
the Philosophical Transactions of the Royal Society
in 1748, Needham’s views were well known.
The claims of Needham and Buffon did not,
however, stand unchallenged for very long.

When the Italian physiologist Lazzaro Spal-
lanzani (1729-1799) repeated Needham’ exper-
iments, he obtained conflicting results. Spallan-
zani, who had studied philosophy, theology, law,
and mathematics, was appointed professor of
logic, metaphysics, and Greek at Reggio College
in 1754. Six years later, he became professor of
physics at the University of Modena. In 1769 he
accepted a position at the University of Pavia
and remained there until his death. (After at-
tacking Needham and Buffon on the subject of
spontaneous generation, Spallanzani investigat-
ed regeneration, transplantation, reproduction,
generation, artificial insemination, the circula-
tion of the blood, digestion, and the electric
organ of the torpedo fish before returning to
studies of microscopic plants and animals at the
end of his career.) Like his friends Albrecht von
Haller (1708-1777) and Charles Bonnet (1720-
1793), Spallanzani supported an ovist preforma-
tionist view of generation and he attacked Buf-
fon’s mechanistic epigenetic theory.

After examining various forms of microscop-
ic life, Spallanzani concluded that Leeuwenhoek
had been correct in identifying these minute en-
tities as living organisms. To prove that these en-
tities were alive, he carried out a series of experi-
ments in which he boiled rich growth media for
fairly long periods of time. He found that, if he
placed media that had been boiled for 30 min-
utes into phials and immediately sealed them by
fusing the glass, no microorganisms were pro-
duced. He concluded, therefore, that the infuso-
ria found in pond water and other preparations
were actually living organisms.

In another series of experiments, Spallan-
zani exposed significant errors in the experi-
ments conducted by Needham and Buffon. By
heating a series of flasks for different lengths of
time, Spallanzani determined that various sorts
of microbes differed in their susceptibility to
heat. Whereas some of the larger animalcules
were destroyed by slight heating, other, very
minute, entities seemed to survive in liquids that
had been boiled for almost an hour. Further ex-
periments convinced Spallanzani that all these
little animals entered the media from the air.
Convinced that a great variety of animalcular
“eggs” must be disseminated through the air,
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Spallanzani concluded that the air could either
convey the germs to the infusions or assist in the
multiplication of those germs already in them.

In 1767 Spallanzani published an account
of his research on the growth of microorganisms
and his criticism of the theory proposed by Buf-
fon and Needham. According to Buffon and
Needham, living things contained special “vital
atoms” that were responsible for all physiologi-
cal activities. They suggested that after the death
of an individual these living atoms were released
into the soil and water and taken up by plants.
They thought that the “infusoria” that could be
found in pond water or infusions of plant and
animal material were actually evidence of these
vital atoms.

Despite Spallanzani’s criticisms, Needham
and Buffon continued to champion the doctrine
of spontaneous generation. Indeed, the debate
was not resolved until the nineteenth century,
when the great French chemist Louis Pasteur and
the English physicist John Tyndall declared war
on spontaneous generation. Although Spallan-
zani’s experiments answered many of the ques-
tions raised by advocates of spontaneous genera-
tion as well as proved the importance of steriliza-
tion, his critics claimed that he had tortured the
all important “vital force” out of the organic mat-
ter by his cruel treatment of his media. The vital
force was, by definition, capricious and unstable,
rendering it impossible to expect reproducibility
in experiments involving organic matter.

During the nineteenth century, the design of
experiments for and against spontaneous gener-
ation became increasingly sophisticated as pro-
ponents of the doctrine challenged the univer-
sality of negative experiments. Because any ap-
parent exception could allow proponents of the
theory to maintain that spontaneous generation
only occurred under special conditions, howev-
er, opponents were always on the defensive. The
work of Louis Pasteur (1822-1895) and John
Tyndall (1820-1893) effectively proved that the
existence of germs in the air was the critical
issue in establishing the experimental basis of
the debate. Pasteur was convinced that microbi-
ology and medicine could only progress when
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the idea of spontaneous generation was totally
vanquished. Although both knew that it is logi-
cally impossible to prove a universal negative,
they demonstrated that under present condi-
tions living beings arise from “parents” like
themselves. Pasteur and Tyndall proved that the
microbes that Needham and Buffon thought
arose from the media actually came from mi-
crobes carried by particulate matter in the air.
Pasteur proved that microorganisms come from
the multiplication of parent microorganisms of
their own kind. The experiments conducted by
Pasteur and Tyndall did not deal with the ques-
tion of the ultimate origin of life, but they did
demonstrate that microbes do not arise de novo
in properly sterilized media under the condi-
tions prevailing today. Advocates of the doctrine
of spontaneous generation have argued that
some form of the doctrine is necessarily true in
the sense that if life did not always exist on earth
it must have been spontaneously generated at
some point.

LOIS N. MAGNER
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Abraham Trembley and the Hydra

Overview

The hydra is a small organism, often less than an
inch (2.5 c¢cm) long, that became the focus of
much attention and debate during the eigh-
teenth century. Abraham Trembley (1710-1784),
along with a number of others, used the hydra
to investigate basic issues concerning develop-
ment, regeneration after damage, and the differ-
ences between plants and animals. Because of
this and related work, by the end of the century
the extents of both the plant and animal king-
doms were more clearly defined and how devel-
opment occurs was more fully understood.

Background

Trembley, who was born in Geneva, Switzerland,
was working as a tutor in Holland when he first
encountered a green hydra called Chlorohydra
viridissima in a sample of pond water. It was
clinging to a plant, and at first he thought it was
itself a plant because of its green color. But when
he saw that its finger-like projections or tentacles
actually moved, a characteristic of animal, not
plant, life, he became uncertain as to how to
classify this creature. Some few plants do move
quickly when stimulated, as is the case with the
Venus flytrap, which rapidly closes its leaf-
shaped “trap” when a fly lands on it, but these
quick movements are always triggered by some
stimulus, they are never spontaneous as the
movements of the hydra were.

To try to determine whether the hydra was
a plant or an animal, Trembley decided to cut
the organism in two. He reasoned that if it were
an animal, this operation would kill it, but if it
were a plant, each of the two parts was likely to
survive. He split the hydra so that one part had
all the tentacles. Over the next several days,
Trembley continued to observe the hydra seg-
ments and found that each regenerated to the
point where it looked like the original hydra.
In another experiment, he removed the tenta-
cles from several hydras, each of which he then
put in a separate tank where they bore young
by asexual budding with the buds separating
from the parent, a separation that would not
have occurred with plant buds. These experi-
ments and the fact that the hydra had sponta-
neous movements made Trembley uneasy
about classifying it as a plant.
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To settle the question of whether the hydra
was a plant or an animal, Trembley sent a letter
describing his observations as well as some spec-
imens to René Antoine Ferchault de Réaumur
(1683-1757) at the Royal Academy of Sciences
in Paris in 1741. Réaumur assured Trembley that
the hydra was indeed an animal and that a relat-
ed brown species, Hydra vulgaris, had been dis-
covered by the great Dutch microscopist Anton
van Leeuwenhoek (1632-1723) in 1702. After
having Trembley’s long letter read at two meet-
ings of the Academy, Réaumur himself con-
firmed Trembley’s results with his own experi-
ments, as did two researchers in England. This
work was exciting to those interested in zoology
because this was the first case of an animal that
could be multiplied by cutting it into pieces,
though it was commonly known that many
plant species could be propagated from cuttings.
Here was a creature that seemed to be on the
border between the plant and animal kingdoms.

Trembley continued to experiment with
several species of hydra. He even managed to
turn specimens of Hydra vulgaris inside out, and
found that this reversed form could survive and
feed without returning to its original form. He
also performed the first permanent graft of ani-
mal tissues when he successfully fused two hy-
dras by placing one inside the other: he pushed
it in tail first through the mouth of the second
individual.

His studies on the hydra were not Tremb-
ley’s only contributions to the life sciences. He
also was the first to identify the process of cell
division by examining specimens of the one-
celled diatom Synedra. This was cell division in
the strict sense of the term, that is, a cell with
one nucleus dividing to form two cells, each
with a nucleus.

Impact

Trembley’s research was important for a number
of reasons. First, it focused attention on the
hydra and other members of the phylum
Cnidaria, formerly called Coelenterata, which
includes jellyfish, corals, and sea anemones.
Like the hydra, other cnidarian species fascinat-
ed students of nature because they seemed to
have characteristics of both plants and animals.
The branch-like structure of corals and the fact
that most cnidarians spend part of their lifecycle
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attached to some solid surface made them seem
plantlike. The sedentary form of the organism is
called the polyp and the mobile form is the
medusa, with jellyfish being the cnidarians with
the most developed medusae. Extensive obser-
vations and experimentation, often following
Trembley’s lead, made it obvious that though
they sometimes superficially resemble plants,
these organisms were in fact animals since they
could respond rapidly to stimuli, digest food,
and reproduce in ways similar to other animals.

During the eighteenth century the idea of
the great chain of being was still widely accept-
ed. This held that all organisms could be orga-
nized into a chain from the simplest to the most
complex—one-celled organisms would be at one
end of the chain and humans at the other. It was
further held that there were no breaks in the
chain, that where there seemed to be a great dif-
ference between one link or organism type and
the next, the assumption was that this was sim-
ply because missing links had yet to be discov-
ered. This is where the term “missing link”
arose; much later it was used in referring to an
animal with a mixture of ape and human charac-
teristics that was thought to have existed before
the evolution of modern humans.

But the concept of a great chain of being
was developed long before the idea of evolution
became widely accepted, and in the seventeenth
and eighteenth centuries missing links were
sought not as support for evolution, but because
it was thought that God had created a perfect
chain of organisms, with all possible types. If
this were the case, the apparent rather signifi-
cant differences between plants and animals
posed a problem, and some observers of nature
saw the hydra and other cnidarians as links be-
tween the two. The debate over the proper way
to classify cnidarians continued for some time
until the evidence for their animal nature be-
came overwhelming. Other research also made it
clear that there were obviously major differences
between plants and animals and no half-way or-
ganisms bridging the gap between the two king-
doms; so the idea of a great chain of being slow-
ly lost support.

Trembley’s studies were significant because
they focused attention on the basic question of
what makes plants different from animals. While
this was usually an easy enough question to an-
swer in the case of large plants and animals, at
and near the microscopic level the distinctions
were not so obvious. Also, at this time many
botanists were seeking to understand plants in
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terms of animal anatomy and physiology. For ex-
ample, they saw a similarity between the circula-
tion of blood in animals and the movement of
sap in plants, between the fertilization of eggs by
sperm in animals and the fusion of eggs and
pollen cells in plants. While the exploration of
some of these similarities was useful, in many
cases the assumption of similarity went too far.
The careful observations of investigators like
Trembley showed that surface similarities, such
as green color, might hide deeper differences.

Another area that had long fascinated biolo-
gists is regeneration, the regrowth of structures
that have been removed from an organism; it is
interesting to see regrowth of a kind that is not
possible in humans and mammals in general.
While a hydra seems to be able to easily regrow
a tentacle, we can’t regrow our own limbs. The
fact that a portion of the hydra could give rise to
an entire organism was also appealing to re-
searchers because it provided support for the
idea of epigenesis, the concept that during de-
velopment tissues are organized and changed
radically in form as organs arise from shapeless
masses of cells. Epigenesis was opposed by those
who accepted preformation, the idea that in the
plant seed or beginning animal embryo was a
tiny copy of the adult of that species, so that all
that happens during development is that the
copy enlarges and its organs become functional.

Preformation seems a rather odd idea today,
especially because it implies that within each
tiny adult form is a still smaller copy represent-
ing the next generation. But preformation was
widely accepted during the seventeenth and
eighteeenth centuries because many found it
even more difficult to conceive of how an organ-
ism as complex as a human being could arise
from a shapeless mass of cells. Experiments such
as Trembley’s, however, indicated that cells
could indeed organize and reorganize them-
selves into different formations, that a whole
hydra could develop from just a portion of one.
If this were the case, then it became more likely
that clumps of cells within an embryo could also
organize themselves into more complex struc-
tures, as the theory of epigenesis suggested.

Finally, Trembley’s work served as a model
for the experimental study of organisms and for
the use of the microscope in experimentation.
The microscope had been developed in the sev-
enteenth century and had opened up a whole
new world of organisms to investigation. Before
this time, no one had suspected that pond water,
saliva, and milk were teaming with life. By the
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eighteenth century, looking through a micro-
scope and being amazed by the great enlarge-
ment of everything from a hair to a snowflake
became a popular form of entertainment, and
the microscope became less a tool of science
than of amusement. Investigators like Trembley
showed the tremendous power of this instru-
ment to also further understanding of living
things. Some of the hydras he worked with were
only a quarter of an inch long; it would have
been impossible to manipulate these creatures as
he did—cutting them into pieces, forcing one
inside the other, and observing the results of
these operations—without the aid of magnifying
lenses. His research and that of his contempo-
raries foreshadowed the experiments on em-
bryos that were done in the nineteenth century

and that led to the flowering of the fields of ex-
perimental zoology and embryology.
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Advances in Botany

Overview

The eighteenth century saw the development of
a new approach to the study of plants: an exper-
imental approach. Botanists were influenced by
the great strides that had been made in physics
as a result of Isaac Newton’s (1642-1727) work
on finding the basic principles underlying the
complexities of motion, and they wished simi-
larly to find unifying concepts governing the
structure and activity of plants. One way to do
this was to study plant physiology, that is, to de-
vise experiments that would tease apart particu-
lar aspects of plant function. By the end of the
century great progress had been made in deter-
mining how plants transport water, use sunlight
to produce oxygen, and rely on insects and birds
in pollination (the process by which pollen, con-
taining the male sex cell, is transported from one
plant to another of the same species).

Background

While at the beginning of the seventeenth centu-
1y the English philosopher Francis Bacon (1561-
1626) had encouraged experimentation as a way
to discover information about the natural world,
it took some time for those interested in nature
to develop experimental techniques, to devise
ways to test their ideas about the world under
carefully controlled conditions. One of the eigh-
teenth-century investigators who made impor-
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Stephan Hales. (Library of Congress. Reproduced with
permission)

tant contributions to this development and to
botany was Stephen Hales (1677-1761). He is
the founder of experimental plant physiology, al-
though he also did significant research on ani-
mal blood pressure as well as important work on
improving conditions in mines and on ships.
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In 1727 Hales published Vegetable Staticks
in which he reported on his studies of the move-
ment of water in plants. At the time, some
thought that water, in the form of sap, circulated
through plants as blood circulates through ani-
mals. This was one of several such comparisons
made during the eighteenth century between
plant and animal physiology that were later
found to be erroneous. Hales discovered that
there was no pump comparable to the animal
heart propelling water in plants, but that tran-
spiration, the loss of water from the surface of
leaves, caused more water to be drawn up into
the leaves. There was also root pressure forcing
water up into the stem from the roots.

Although the information he discovered
about water movement in plants was important,
what was even more significant about Hales’ re-
search is the way it was conducted. His work
was not just descriptive, but quantitative. He
took precise measurements to show not only
that water evaporated from the leaves but the
rate at which this occurred; to do this he cov-
ered tree branches with glass vessels in order to
collect the water, and he worked with several
different species to establish that this was a gen-
eral phenomenon.

Hales also devised ways to measure plant
growth. He drew equidistant marks on leaves, so
the rate of expansion could be measured by the
amount of displacement of the marks from each
other over time. Though such techniques were
simple, they had never been attempted before in
botany. They led to many quantitative studies on
plant growth, though it wasn’t until the second
half of the eighteenth century that significant
progress beyond Haless research took place.

Impact

Among the other areas of plant physiology he in-
vestigated, Hales studied the role of air in plant
life, but he was hampered by the fact that the
components of the air were not well understood
at that time. He did make the important observa-
tion that air seemed involved in nourishing
plants and that one component of the air was ab-
sorbed by the leaves. It was Jan Ingenhousz
(1730-1799), a Dutch physician and botanist,
who built on this work later in the century, pub-
lishing his Experiments upon Vegetables in 1779. A
little earlier, the English chemist Joseph Priestley
(1733-1804) had found that if he placed a mouse
in a sealed container, it would quickly use up a
component of air that was necessary for its life,
though the rest of the air would remain. He also
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Jan Ingenhousz. (Library of Congress. Reproduced with
permission)

found that if a plant were then put into this con-
tainer, it would sometimes restore to the air the
component that the mouse had removed from it.
Unfortunately, Priestley couldn’t get consistent
results; while this experiment sometimes
worked, other times it didn.

Ingenhousz used the techniques that Priest-
ley developed to show that plants only restored
the component of the air which the mouse used
when they were exposed to light. He also
showed that the generation of this component,
which the French chemist Antoine-Laurent
Lavoisier (1743-1794) named oxygen, didn’t
occur everywhere in the plant but only in the
green parts, particularly the leaves. Finally, In-
genhousz demonstrated that plants absorbed the
component of the air that the mouse had gener-
ated, called carbon dioxide, and that this gas
was the source of carbon in plant material, not
carbon in the soil. In other words, Ingenhousz
worked out the basics of photosynthesis, the
process by which plants use the Sun’s energy to
convert carbon dioxide and water into sugar and
oxygen. At the beginning of the nineteenth cen-
tury Nicholas de Saussure (1767-1845) built on
Ingenhousz’s work and showed that the amount
of oxygen generated in photosynthesis was equal
to the amount of carbon dioxide absorbed by a
plant, indicating that the two gases were indeed
involved in the same process.
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Another area of botany that received a good
deal of attention in the eighteenth century was
plant reproduction. In 1694 Rudolf Camerarius
(1665-1721) published a paper outlining his ar-
gument for the existence of sexual reproduction
in plants. As was mentioned earlier, it was a
popular idea at the time that there were similari-
ties between plant and animal anatomy and
physiology. While some attempts at showing
likeness were misguided, Camerarius’s work re-
vealed that exploring similarities could some-
times be useful in understanding plants. He
studied plant species such as mulberry that are
called dioecious, meaning that there are two
forms, one with stamens that produce pollen
and one with pistils that produce seeds. He
found that a mulberry plant with pistils won’t
produce any seeds unless there is a mulberry
with stamens in the vicinity. He hypothesized
that pollen grains were comparable to sperm in
animals and were necessary for fertilization of
eggs and their development into seeds within
the pistils. Camerarius also studied the more
common monoecious species, in which the sta-
men and the pistil are found on the same plant
and often in the same flower structure, forming
what is called a complete flower. By carefully re-
moving the stamens from the flower of the cas-
tor bean, a monoecious species, he was able to
prevent seed development, thus again showing
the necessity of pollen for this process.

When Carolus Linnaeus (1707-1778) creat-
ed his plant classification system in the mid-
eighteenth century, he focused on the sexual or-
gans found in flowers as the basis for his
method. At the time of his research, significant
advances were also being made on the work of
Camerarius in terms of the mechanisms of fertil-
ization. Joseph Gottlieb Kolreuter (1733-1806)
dealt with a number of questions related to fer-
tilization, using careful experimentation and ob-
servation. Camerarius had pointed out that sex-
uality in plants suggested that hybrids were like-
ly, that is, that the pollen of one species could
fertilize the egg of another, producing a plant
with a mix of characteristics of both species. To
investigate this question, Kolreuter developed a
technique for artificial fertilization in plants. He
removed the pollen-producing stamens from a
Nicotiana rustica plant, and then brushed pollen
from Nicotiana paniculata onto the pistil of the N.
rustica plant. The hybrid offspring of this cross
had distinct characteristics that were a mix of
those of the two parent species. When the oppo-
site cross was made—when pollen of N. rustica
was applied to the pistil of N. paniculata—the
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offspring had the same characteristics as the off-
spring of the original cross, and these character-
istics were stable, that is, always appearing when
crosses were made between these two species.
This suggested to Kolreuter that stable charac-
teristics were at the basis of inheritance and that
laws governing inheritance could therefore be
discovered; in other words, a science of genetics
was possible, though it would be a century be-
fore Gregor Mendel’s (1822-1884) work on pea
plants formed the basis for this science.

One important characteristic of the off-
spring of crosses between Nicotiana species was
that they were sterile, that is, they could not re-
produce. In later work on crosses between other
species, Kolreuter found that most, though not
all, of the hybrids were sterile, suggesting that
sterility is what prevents such hybrids from be-
coming more common in nature. In the nine-
teenth century this finding became important to
Charles Darwin’s (1809-1882) theory of evolu-
tion because it helped to explain how the num-
ber of species increased over time: once new
species came into existence, hybrid sterility
helped to maintain their integrity.

Kolreuter also did microscopic studies on
pollen, examining how the pollen adhered to the
sticky stigma at the top of the egg-containing
pistil. He disagreed with earlier botanists who
had assumed that the pollen grains normally be-
came swollen and burst. He correctly found that
this only occurred when the grains absorbed ab-
normal amounts of water, and pollen normally
didn’t enlarge but instead sometimes grew an ex-
tension into the pistil. He didn’t continue this
research far enough to find, as later botanists
did, that this extension, the pollen tube, carries
the male sex cell down to the egg.

While Kolreuter made great strides using ar-
tificial fertilization techniques, he also did studies
on natural fertilization. He found that few plant
species were capable of self-fertilization in which
pollen fertilizes an egg produced by the same
plant; instead, pollen from a different plant of the
same species was necessary for successful fertil-
ization. This being the case, the question became
how did pollen travel from one plant to another.
Kolreuter’s observations revealed that some pollen
was wind-borne, but in other cases the pollen
was carried from one plant to another by animals,
most often by insects and birds. He also correctly
hypothesized that the sugary liquid called nectar
produced in some flowers was used to attract in-
sect and bird pollinators. Kolreuter’s long years of
research contributed a great deal to botanists’ un-
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derstanding of fertilization, and this information
was important in breeding studies that yielded
many hybrids that became important food crops.
Today, for example, most of the corn produced in
the United States is hybrid corn and many of the
most popular garden plants are also hybrids.

MAURA C. FLANNERY
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Toward the Science of Entomology

Overview

In the eighteenth century entomology, the study
of insects, developed as a separate branch of the
life sciences. At the beginning of the century, it
was not clear precisely what an insect was, with
many organisms including spiders and worms
being referred to as insects. By the beginning of
the next century it was clear that the class of in-
sects was defined as those invertebrates (animals
without backbones) having three pairs legs and
segmented bodies. It was primarily through the
work of two men, Jan Swammerdam (1637-
1680) and René Antoine Ferchault de Réaumur
(1683-1757), that the study of insects blos-
somed. Although Swammerdam’s work was
done in the previous century, most of it re-
mained unpublished until 1737, so it was only
then that it influenced other researchers’ views
on insects. Réaumur’s six-volume study of in-
sects appeared between 1734 and 1742.

Background

Swammerdam and Réaumur were interested in
different aspects of insect life, with Swammer-
dam focusing on development and Réaumur on
behavior. Swammerdam was Dutch and also did
extensive work in animal physiology. He at-
tempted to disprove the old assumption, origi-
nating with Aristotle, that insects were less per-
fect than other so-called “higher” animals such
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as those with backbones. This assumption was
based on three ideas: insects lacked internal
anatomy, they could form by spontaneous gener-
ation from nonliving matter, and they developed
by metamorphosis, that is, their internal struc-
ture changed completely during development.

Swammerdam brought a wealth of observa-
tions to bear in his arguments against all three of
these assumptions. He supported the views of
Francesco Redi (1626-1698), who had demon-
strated in 1668 that flies did not arise by sponta-
neous generation from rotten meat, but rather
developed from eggs laid on the meat by adult
flies. With the aid of the microscope, Swammer-
dam’s careful dissections of insects revealed that
they did indeed have a complex internal anato-
my. His was the first major study of insect mi-
croanatomy. But it was in his investigations on
insect development that he made his greatest
contributions to entomology.

Swammerdam studied development in
order to refute the idea of metamorphosis that
was then current. Though we still use this word
today to describe development in some insect
species, namely in those that undergo an ex-
treme transformation in body form such as that
of a caterpillar metamorphosing into a butterfly,
the word had a different meaning in Swammer-
dam’ time. Then it meant a sudden and total
change from one kind of organism into another,
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something like the transmutation of lead into
gold that alchemists sought. Through dissections
of caterpillars and of cocoons, which caterpillars
create from fine fibers they spin and from which
the adult butterflies emerge, Swammerdam
showed that the change was not all that sudden,
that the butterflies’ wings and other body parts
developed for some time within the cocoons.

Swammerdam studied development in so
many different insect species that he was able to
create a classification system based on the differ-
ent types of development. He divided insects into
four groups, with those in the first group hatch-
ing directly from the egg into the adult form. De-
velopment in the other three categories involves a
pupal or immature stage. In the second group,
the insect emerges from the egg without wings,
but usually with its six legs, and then gradually
develops adult traits; the mayfly, which
Swammerdam studied in great detail, belongs to
this group. For those species in the third category,
the change during development is more extreme,
and this group includes butterflies and moths. In
the last group, the pupa is hidden within a case
called the puparium, as with most flies where the
maggot is found within a puparium. To summa-
rize his findings, Swammerdam created a table
showing the stages in insect development in the
different groups. This approach to the organiza-
tion of knowledge was less common at the time
than it is today and made his results more note-
worthy and convincing. For reasons that are un-
clear, Swammerdam didn’t publish most of his re-
sults. Fifty years later, the Dutch physician Herman
Boerhaave (1668-1738) bought Swammerdam’s
papers and published them in two volumes as Bij-
bel der Natuure (The Bible of Nature) (1737-38).

Impact

At the time that Swammerdam’s books appeared,
René de Réaumur was publishing his work on
insects. Born in the French town of La Rochelle,
Réaumur spent most of the rest of his life in
Paris, where he eventually became an influential
member of the prestigious Academy of Sciences.
His interests were broad and included techno-
logical studies, particularly on the production of
iron and steel.

Réaumur’s greatest contribution to natural
history was his six-volume study of insects. He
was fascinated by bees, to which he devoted an
entire volume. He discovered that in all hives
there is only one queen that produces all the
eggs. He kept track of individual bees by color-
ing them with various dyes, a technique that is
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still used by entomologists. Réaumur was one of
the first to do comprehensive quantitative stud-
ies on insects. He found that by dunking a bee-
hive in cold water, he could slow the activity of
the bees to the point where he could separate
them into several categories and count the num-
ber of each.

Caterpillars and butterflies were the focus of
the first two volumes of Réaumur’s work. He re-
peated Swammerdam’s studies on the develop-
ment of the butterfly within the cocoon. Like
Swammerdam, he came to the conclusion that
the fact that parts of the adult butterfly are pre-
sent in a smaller size within the cocoon support-
ed the idea of preformation. This was the con-
cept that development simply involved the en-
largement of a tiny, preformed adult found in the
egg. This idea received a lot of support in the
eighteenth century, in part because of the obser-
vations of Swammerdam and Réaumur on insect
development.

Preformation was popular because it neatly
explained how the complexities of organisms
arose. With preformation, all these complexities
were created in the original individuals of a
species, which have been compared to those toy
boxes which when opened reveal a smaller ver-
sion of the same figure, which when opened re-
veals a still smaller version, and so on. The view
opposite to preformation was epigenesis, mean-
ing that a beginning embryo was merely a form-
less clump of cells that slowly became more
complex and ordered as it grew, with cells be-
coming organized into tissues and organs as they
developed. Epigenesis was difficult for many to
accept; it seemed mechanistic and even atheistic
since the tissue appeared to develop on its own
without any help from a creator. On the other
hand, preformation implied the existence of a
creator who formed all the adults-within-adults
at the time of the original creation.

Réaumur contributed to an important ob-
servation that seemed to support the idea of pre-
formation. Studies on aphids, small insects that
live on plants, suggested they could arise from
eggs that had not been fertilized by sperm. This
process is called parthenogenesis, and it implied
that the form of the individual was already pre-
sent in the egg and that the sperm did not add
anything essential for development. Réaumur at-
tempted to test this idea by raising aphids in iso-
lation from birth, so that there would be no sex-
ual contact. Though this work was unsuccessful
because the insects died before they became sex-
ually mature, his student Charles Bonnet (1720-
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1793) was able to show that aphid eggs could
indeed develop without fertilization. Réaumur
did come up with another interesting finding on
aphids. He calculated that, under ideal condi-
tions, a single female aphid could produce 5
million offspring during her reproductive life-
time of about four to six weeks. Again, he used
quantification to make a point about insect char-
acteristics, in this case, about reproductive po-
tential. It should be mentioned that aphids don’t
take over the world, despite being able to pro-
duce so many offspring, because not only would
such numbers only be produced under ideal
conditions, but most aphid offspring are eaten
by predators or die from other dangers before
they themselves become sexually mature.

Since Réaumur had done economically im-
portant work in technology and was interested
in insect behavior, it’s not surprising that he in-
vestigated the economic significance of insects.
He argued that research on insects was impor-
tant because of the destruction they can do at-
tacking plants, the wood of houses and furni-
ture, and even clothes. He himself did research
on the lifecycle of the clothes moth in order to
find the best way of eliminating it. But Réaumur
also saw the positive benefits insects provide in
the form of the products they produce—from
the fibers of silkworms to the wax and honey of
bees and the red dye produced from ground
cochineal insects.

While Réaumur is the most noted entomol-
ogist of the eighteenth century, a number of oth-
ers also made important contributions to the
field. In 1760 Pierre Lyonnet (17072-1789) pub-
lished a comprehensive study of the goat-moth
caterpillar, and this foreshadowed the increasing
specialization and narrowing focus that was to
be seen in the work of many nineteenth-century
entomologists. C. de Geer (1720-1778) of Swe-
den continued Réaumur’s work; he did further
studies in insect classification that, in turn, in-

fluenced Carolus Linnaeus’s (1707-1778) system
of insect classification, and it was Linnaeus’s
work that put classification on a new, more orga-
nized footing. Réaumur’s writings also influ-
enced the studies of Georges Buffon (1707-
1788), who produced a monumental 10-volume
work on natural history during the second half
of the eighteenth century. At the beginning of
the nineteenth century two other French zoolo-
gists, Jean Baptiste de Lamarck (1744-1829) and
Georges Cuvier (1769-1832), published works
that built on Réaumur’s entomological research,
and these publications were followed by those of
the English entomologist W. E. Leach. All three
contributed to clarifying precisely which organ-
isms qualified as insects and which belonged in
other classes such as the Arachnida (spiders)
and the Crustacea (lobsters and shrimp).
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Experimental Physiology in the 1700s

Overview

Physiology is the study of the function of liv-
ing organisms and their components, includ-
ing the physical and chemical processes in-
volved. The eighteenth century has been re-
ferred to as the Age of Enlightenment, or the

SCIENCE A N D I' TS

TIMES ~

Age of Reason, when knowledge in general
advanced, and especially that relating to sci-
ence and medicine. During this time, discov-
eries in physiology expanded due to a group
of investigators known as experimental physi-
ologists.
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The study of human anatomy had been ad-
vanced by the daring work of Leonardo da Vinci
(1452-1519) and Andreas Vesalius (1514-1564)
in the previous two centuries, yet the processes
by which the internal systems worked were still
an enigma. Eighteenth-century scientists built
upon this work. Unlike modern scientists who
have distinct specialties, these early investigators
would master several diverse fields. Scholars such
as René de Réaumur (1683-1757) studied many
disciplines in addition to physiology. Italian phys-
iologist Lazzaro Spallanzani (1729-1799) con-
tributed not only to human biology but made un-
usual discoveries concerning animal reproduc-
tion. In addition, Giovanni Borelli (1608-1679)
studied movement, and Francis Glisson (1597-
677) and Albrecht von Haller (1708-1777) stud-
ied irritability (muscle contraction).

The eighteenth century was rife with conflicts
between science and religion. It saw the advent of
mechanism, which envisioned living things as
simple machines. This rivaled the ancient philoso-
phy of vitalism, which proposed that all living
things have an internal or “vital force” that is not
accessible and cannot be measured. This force ac-
tivates living things. Georg Ernst Stahl (1660-
1734), German physician and chemist, supported
vitalism, which held sway over biology until the
early twentieth century. Stahl even lost his best
friend, Friedrich Hoffmann (1660-1742), over dif-
ferences of philosophical opinion. This quarrel be-
tween friends is just one example of how the opti-
mism of their time was tempered by heated emo-
tional debates over theory.

Background

The Age of Enlightenment had its roots in
the brilliant breakthroughs of the previous cen-
turies, including the work of Vesalius, a Flemish
anatomist and physician who is often called the
founder of anatomy. The Greek physician Galen
A.D. 129-216?) had earlier established many of
the basic principles of medicine accepted for
centuries. Galen’s beliefs about physiology were
a composite of the ideas of Plato (427?-347 B.C.),
Aristotle (384-322 B.c.), and Hippocrates (460?-
377? B.C.). He believed that human health was
the balance of four major humors, or bodily flu-
ids. The humors were blood, yellow bile, black
bile, and phlegm. Each humor contained two of
the four elements (fire, earth, air, and water) and
displayed two of the four of the primary quali-
ties of hot, cold, wet, and dry. Galen proposed
that humor imbalances could be in specific or-
gans and the body as a whole. He prescribed
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certain remedies to put the body back in bal-
ance. Galen’s ideas held sway in all areas of med-
icine until the mid-1600s

In 1543 Vesalius dared to point out errors in
the Galen’s assumptions and proceeded to con-
duct dissections and experimental research. He
showed that Galen had more information about
animals than about humans, and also that trans-
lators throughout the ages had introduced many
errors into Galen’s texts. The ideas of physiology
lasted until William Harvey (1578-1657) correct-
ly explained the circulation of the blood.

Some scholars mark the beginning of the
scientific revolution at 1543, the year that Ver-
salius published On the Fabric of the Human Body
and Nicholaus Copernicus (1473-1543) pub-
lished On the Revolutions of the Heavenly Spheres,
in which he challenged the old Ptolemaic belief
that the Earth was the center of the universe.
Both books did much to diminish the hold of
classical Greek science, making possible the de-
velopment of new ideas.

English physician William Harvey discov-
ered how blood circulates in mammals, a finding
that conflicted with the accepted ideas of Galen.
Many of these achievements were impressive on
paper, but did not impact the daily work of
medicine. Major problems with disease existed
in the beginning of the 1700s. War, plagues, and
crowding in cities brought health hazards and
high mortality rates.

Sir Isaac Newton (1642-1727) became an
idol of the Enlightenment. His experiments and
natural philosophy established a model. He led
Herman Boerhaave (1668-1738), a Dutch pro-
fessor, to apply physics to the expression of dis-
ease. According to Boerhaave, health and sick-
ness were explained in terms of forces, weights,
and hydrostatic pressure.

These views definitely encouraged experi-
mentation. While the Church stymied new sci-
ence and encouraged the acceptance of ancient
truths, scientists began to observe, dissect, and
challenge, leading to many new discoveries—as
well as controversies. Physiology was only one
of the fields advanced.

Impact

The impact of eighteenth-century science was not
limited to changes in research methodology, but ef-
fected a fundamental new concept of reality with
its foundation in observation and experiment. This
basic change in perspective is called a paradigm
shift, where one model is changed for another.
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The eighteenth century as also an age of op-
timism. Even though war and disease took a toll,
“enlightened” intellectuals in the Netherlands,
Britain, France, and Germany proclaimed better
times were on the way. Science and technology
would give man control over nature, social
progress, and disease. In the 1790s the marquis
de Condorcet (1743-1794) declared that future
medical advances, along with civil reason, would
extend longevity even to the point of immortality.

Today, scientists typically focus their efforts
in one field, or even a subspecialty of a particu-
lar field. For example, a molecular biologist may
concentrate on one particular structure within
the cells, such as the DNA of ribosomes. It is
now difficult to imagine how diversely knowl-
edgeable many of the early investigators were.

René de Réaumur was an eighteenth-centu-
ry French scientist who researched and worked
in a multitude of fields. In 1710 King Louis XIV
put him in charge of compiling lists of all the in-
dustrial and natural resources in France. He de-
vised a thermometer that bears his name, im-
proved techniques for making iron and steel,
and worked to uncover the secret of Chinese
porcelain. He was one of the first to describe the
regeneration of lost appendages by lobsters and
crayfish. His work with animals led him to the
study of digestion.

Scientists were beginning to ask key ques-
tions about how things worked. For example:
How does digestion happen? By some internal
vital force? By chemical action of gastric juice?
By mechanical churning and pulverizing? Pon-
dering these problems, Reaumur conceived of
brilliant studies of digestion in birds. Since birds
do not have teeth to grind food, he was con-
vinced the structure called the gizzard acts to
masticate and make food pieces smaller. He
forced seed- or grain-eating birds to swallow
tubes of glass and tin. The animals were dissect-
ed two days later. He was amazed to find the
glass tubes shattered, but the action of the giz-
zard had smoothed and polished the pieces. The
tin tubes were crushed and flattened.

Turning his attention to carnivorous or
meat-eating birds, he trained a pet kite to swal-
low small food-filled tubes. He enclosed pieces
of meat in a tube, closed the ends, then encour-
aged the bird to swallow. Later the bird would
regurgitate the tube with the food in it. Analysis
of the food showed that it had been partially di-
gested and that digestion was more chemical
than physical. He also attacked the prevalent
idea of the day that putrefaction or rotting was
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the way food is digested. Réaumur had a great
impact on the debate over digestion. He was one
of the most esteemed members of the Academy
of Sciences during the first part of the century,
who wrote widely, and became known through-
out the European community.

Lazzaro Spallanzani was an Italian physiolo-
gist who also contributed to many areas of sci-
ence. Spallanzani received a sound classical edu-
cation and became a professor of logic, meta-
physics, Greek, and physics at the University of
Modena in 1760. Although he worked during
the day teaching, he devoted all of his leisure
time to scientific investigation. Two scientists,
Georges Buffon and John Turbeville Needham
(1713-1781), had published a biological theory
that all living things contain not only inanimate
matter but “vital atoms” that go out into the soil
and are recycled into plants. They claimed that
the small moving objects found in pond water
were the vital atoms from organic material.
However, studying samples of pond water, Spal-
lanzani was led to agree with Anton van
Leeuwenhoek (1632-1722), the Dutch scientist
who observed microscopic organisms. Spallan-
zani concluded that these moving objects were
indeed small “beasties” or animals, and not just
vital atoms.

Spallanzani was fascinated by the mecha-
nism of how tails of salamanders, snails, and
tadpoles regenerate. He devised several experi-
ments to disprove the idea of spontaneous gen-
eration. This idea held that things like maggots
came from nonliving decaying meat. Francesco
Redi (1626-98) conducted a famous experiment
with decaying meat that disproved this notion,
but the idea of spontaneous generation persisted
in many circles.

In 1773 Spallanzani did an important series
of experiments on digestion. Using himself as the
subject, he swallowed small linen bags that had
different kinds of food. He would then regurgi-
tate the bags and study the content. This enabled
him to determine that digestive juice has special
chemicals that target different kinds of foods. He
also determined the solvent powers of saliva.

Spallanzani received much recognition for
his study of reproduction. He also revealed that
oxidation occurred in the blood. By 1800 it was
accepted that oxygen combined with carbon in
food to generate animal heat. Spallanzani took
every opportunity to travel, exchange informa-
tion with other scientists, and study new phe-
nomena. This was also within the true spirit of
the age of Enlightenment.
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A tradition was developing among physiolo-
gists called “iatrochemistry,” the chemistry of
healing living things. This term might today be
related to biochemistry. The iatrochemists ex-
plored links between respiration and combus-
tion. Joseph Black (1728-1799), a Scottish pro-
fessor, developed the idea of latent heat, which
is given off in breathing. Later, Antoine Lavoisier
(1743-1794) identified this as carbon dioxide.
Black noted that this breathed-out air was not
toxic, but could not be breathed to sustain life.

Giovanni Borelli was an Italian physiologist
who first explained muscular movement. He
studied muscular action, gland secretion, respi-
ration, heart rhythm, and neural responses. He
attempted to analyze these body movements in
terms of physics. In his book The Movement of
Animals he used the principles of mechanics to
analyze movement. Looking at the contraction
of muscles, he proposed that their operation was
triggered by processes similar to chemical fer-
mentation. He assumed respiration was a me-
chanical process, with the lungs driving air into
the bloodstream. He described the bone struc-
ture as a series of levers, where muscles worked
by pushing and pulling. He also believed air had
something in it that sustained life. Air was a
medium for elastic-like particles that went into
the blood, enabling motion. According to Borel-
li, what could not be measured or weighed was
mysticism and not scientific.

Borelli used the term iatrophysics, or iatro-
chemistry, to relate physics and chemistry to
medicine. The word “iatro” is a Greek term that
means to heal. One can see the word in “psychi-
atry,” meaning to heal the mind, or in the word
“pediatrics,” meaning to heal children.

Francis Glisson was the first researcher to
grapple with the idea of irritability. Glisson was a
professor of physics at Cambridge and did a pio-
neering study on a “new” disease—rickets. As he
studied the excretion of bile into the intestines,
he noted that the reaction implied nerves were
present. He became convinced that irritability
(contraction) was a property of tissue and that
nerves were independent structures. The idea of
irritability was forgotten until Swiss biologist Al-
brecht von Haller (1708-1777) revived it in the
next century. Glissons’s observations were radi-
cal for his time, and prompted by Harvey’ dis-
coveries and mechanical philosophy.

Experimental physiology reached new
heights through the work of Haller, a prolific
writer who has been dubbed the father of exper-
imental physiology. Born in Bern, Switzerland,
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he was a child prodigy who came under the in-
fluence of Hermann Boerhaave. One of his first
labors of love was to revise an edition of Boer-
haave’s Institutes of Medicine, which showed that
experimentation would produce new accounts
of vitality and the relationship between the body
and soul. Boerhaave’s model of balance focused
on the nervous system. He also became a strong
advocate of the mechanistic philosophy.

Haller went to the University of Gottingen
and served as professor of medicine, anatomy,
surgery, and botany, He became very well known
in the scientific community because of impres-
sive experimental work at the newly formed uni-
versity. He wrote an eight-volume encyclopedia
called Physiological Elements of the Human Body
(1757), regarded as a landmark in medical histo-
ry. A devout Christian, Haller’s writings evince
the view that human beings consist of a physical
body, which may be analyzed in terms of forces
and matter, and an eternal soul.

Haller shocked the scientific community in
1753 when he suddenly resigned his prestigious
position at Gottingen to return to Bern to contin-
ue his experiments, write, and develop a private
practice. Experiments into breathing and circula-
tion led Haller to be the first to recognize how
respiration works and how the heart functions
with it. He found that bile digests fats and identi-
fied many of the stages of embryonic develop-
ment. He conducted anatomical studies of the
brain and reproductive and circulatory systems.

However, his outstanding contribution was
in the study of muscle contractions. Building on
the results of 567 experiments—with 190 per-
formed on himself—he showed that irritability is
a special property of muscle. Irritability in medi-
cine means capable of reacting to a stimulus or is
sensitive to stimuli. He found a slight stimulus
applied directly to a muscle causes a sharp con-
traction. He found that sensibility is the specific
property of nerves. Sensibility is defined medical-
ly as the capacity to receive and respond to stim-
uli. In his book On the Sensible and Irritable Parts
of the Human Body, he clearly established that irri-
tability or contracting was a property of all mus-
cular fibers, and that sensibility or carrying the
message was the domain of nerves. His studies
and writings became the foundation of neurology.

In his later years Haller spent much time
cataloging scientific literature. His four volume
Bibliography of the Practice of Medicine lists
52,000 publications on anatomy, botany,
surgery, and medicine.

VOLUME 4



The idea of applying mathematics and mea-
surements to science was also spurred by Boer-
haave, who called the studies “iatromathemat-
ics.” An Anglican clergyman, Stephen Hales
(1677-1761), devised a unique experiment to
measure the force of blood. He inserted a goose
trachea, attached to a 11-ft (3.4 m) glass tube,
into the jugular vein and carotid artery of a
horse. This enabled him to measure how far the
blood would extend into the tube.

Hales was fascinated with experiments with
animals and used many different animals in in-
humane ways. For example, interested in nerve
action, he cut off the head of frogs and pricked
the skin in different places to study nerve reflex-
es. His callous use of animals incited the strong
disapproval of animal rights people of his day.
These were called anti-vivisectionists, and they
developed a strong voice in opposing physiology
experimentation on animals. Led by Samuel
Johnson, a great literary figure in Britain, the
group proclaimed that such torture of animals
had never healed anyone. This debate would
continue into later centuries.

In the Age of Reason two philosophies of the
biological nature of life were debated: vitalism
and mechanism. The mechanistic theory viewed
living organisms as machines. Thus, the whole of
the body is the sum of its parts, programmed to
run and operate on its own. This is called a re-
ductionist position because it proposed that biol-
ogy is simply reduced to physical and chemical
laws. Vitalism, on the other hand, is a school of
thought dating back to Aristotle. In this view the
nature of life is seen as a result of a vital force pe-
culiar to living organisms. This force is different
from all other forces and controls the develop-
ment and activities of the organism. One propo-
nent of vitalism was Georg Ernst Stahl.

Stahl studied medicine at Jena and as a stu-
dent became friends with Frederich Hoffman.
Both went to the newly created medical school
at Halle, where Stahl became a professor of prac-
tical medicine, anatomy, physics, and chemistry.
When Hoffmann became an ardent convert to
iatromechanics—a staunch mechanistic belief
that living things were machines—he and Stahl
parted ways after 20 years of friendship. Their
philosophical differences had made the former
friends bitter rivals.

Stahl was influenced by the German
Pietists, a Protestant group that stressed devo-
tion and the tolerant aspects of Christianity, sim-
ilar to the Quakers or Friends. He insisted that
mechanical and chemical laws were not enough
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to explain the mysteries of living beings. He de-
termined that life must have direction by a spe-
cial force and described this force using the
Latin word anima. This gave rise to the name an-
imism for the theory. Vitalism and anti-material-
ism are later words for this same view.

Stahl developed the constructs of the phlogis-
ton theory. According to him, phlogiston was a
substance that escaped from or was exchanged be-
tween materials involved in combustion. Phlogis-
ton was from the Greek phlogiston, which means
“to burn.” Stahl built a practical theory that phlo-
giston was also a part of body physics and energy.

When Lavoisier discovered the role of oxy-
gen in combustion, the phlogiston theory was
proved wrong. However, modern researchers
have praised Stahl for pioneering the use of mol-
ecular research in chemical analysis, and recog-
nizing the difference between physical and
chemical reactions.

Seeking to understand the workings of
physiology, Enlightenment researchers made
enormous contributions to the human capacity
to master the environment. In searching for the
answer to questions concerning the nature and
internal processes of living things, they were
able to advance knowledge of both the structure
and the function of living systems.

Though historians note that the Age of Rea-
son was marked by enthusiasm and hope, such
great expectations were often tempered by dis-
appointment, particularly when an overempha-
sis on theory and philosophical speculation ac-
tually inhibited scientific reason. However, the
work of these eighteenth-century scientists laid
the foundations for nineteenth-century advances
in biology.

EVELYN B. KELLY
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Marie-Francois-Xavier Bichat and the Tissue
Doctrine of General Anatomy

Overview

Long before the development of cell theory,
philosophers and anatomists speculated about the
nature of constituents of the human body that
might exist below the level of ordinary vision.
Even after the introduction of the microscope in
the seventeenth century, however, investigators
still argued about the level of resolution that might
be applicable to studies of the human body. By the
eighteenth century, many anatomists had aban-
doned humoral pathology and, in analyzing the
structure and function of organs and organ sys-
tems, hoped to discover correlations between lo-
calized lesions and the process of disease. Tissue
doctrine was elaborated by the great French
anatomist Marie-Francois-Xavier Bichat (1771-
1802) as an answer to the question about the con-
stituents of the body. As a result of Bichats inge-
nious approach to the study of the construction of
the body, he is considered the founder of modern
histology and tissue pathology. His pioneering
work in anatomy and histology has been of lasting
value to biomedical science. Bichat’s approach in-
volved studying the body in terms of organs,
which were then dissected and analyzed into their
fundamental structural and vital elements, called
“tissues.” This attempt to create a new system for
understanding the structure of the body culminat-
ed in the tissue doctrine of general anatomy.

Background

As the son of a respected doctor, Bichat was ex-
pected to enter the same profession. After study-
ing medicine at Montpellier, Bichat continued his
surgical training at the Hotel Dieu in Lyons. The
turmoil caused by the French Revolution, how-
ever, forced him to leave the city for service in
the army. In 1793 he was able to resume his
studies in Paris and became a student of the emi-
nent surgeon and anatomist Pierre-Joseph De-
sault (1744-95). In 1800 Bichat became physi-
cian at the Hotel Dieu. One year later, he was ap-
pointed professor. Completely dedicated to
anatomical and pathological research, Bichat es-
sentially lived in the anatomical theater and dis-
section rooms of the Hotel Dieu, where he per-
formed at least 600 autopsies in one year. In
1802 he became ill with a fever and, barely 31
years of age, died before completing his last
anatomical treatise.
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Working in the autopsy rooms and wards of
the hospitals of Paris, Bichat and his colleagues
were committed to the goal of transforming the art
of medicine into a true science. Bichat believed
this goal could only occur when physicians adopt-
ed the method of philosophical analysis used in
the other natural sciences. Research on the funda-
mental structure of the body would transform ob-
servations of complex phenomena into precise
and distinct categories. This approach and the
movement to link postmortem observations with
clinical studies of disease were largely inspired by
the work of the great French physician Philippe
Pinel (1755-1826). Honored for his Philosophical
Nosography (1798), Pinel argued that diseases
must be understood not by references to humoral
pathology but by tracing them back to the organic
lesions that were their sources. Because organs
were composed of different elements, research, in
turn, must be directed towards revealing the fun-
damental constituents of organs.

Impact

Bichat reasoned that organs that manifested
analogous traits in health or disease must share
some common structural or functional compo-
nents. Failing to find this analogy at the organ
level, he conceived the idea that there might be
some such analogy at a deeper level. His ap-
proach involved studying the body in terms of
organs that could be broken down into their
fundamental structural and vital elements,
which he called “tissues.” Organs had to be
teased apart by dissection, maceration, cooking,
drying, and exposure to chemical agents such as
acids, alkalis, and alcohol. According to Bichat,
the human body could be resolved into 21 dif-
ferent kinds of tissue, such as the nervous, vas-
cular, connective, bone, fibrous, and cellular tis-
sues. Organs, which were made up of assem-
blages of tissues, were, in turn, components of
more complex entities known as organ systems.

Tissues were units of function as well as
structure. The actions of tissues were explained
in terms of irritability (the ability to react to stim-
uli), sensibility (the ability to perceive stimuli),
and sympathy (the mutual effect parts of the
body exert on each other in sickness and health).
Obviously, Bichat’s “simple” tissues were them-
selves complex; they were just simpler than or-
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Marie-Frangois-Xavier Bichat. (Corbis Corporation.
Reproduced with permission.)

gans, organ systems, or the body as a whole. Tis-
sues, as Bichat himself acknowledged, consisted
of combinations of interlaced vessels and fibers.
Thus, Bichat’s tissue theory of general anatomy
provided no actual unit of basic structure that
could not be further subdivided. Thus, Bichat’s
concept of the tissue is not like the concepts now
associated with the cell or the atom. Neverthe-
less, Bichat hoped that his analysis of the struc-
ture of the human body would lead to a better
understanding of the specific lesions of disease
and improvements in therapeutic methods.

Embryology was essentially outside the
boundaries of Bichat’s own research program,
and his account of the arrangement of animal tis-
sues generally ignored the problem of tracing the
origins of specific organs and tissues back
through their embryological development.
Bichat’s goals and guiding principles were thus
different from those that motivated the founders
of cell theory. In formulating his doctrine,
Bichat’s objective was not merely to extend the
knowledge of descriptive anatomy but to provide
a scientific language with which to describe
pathological changes. Through an understanding
of the specific sites of disease, he expected better
therapeutic methods eventually to emerge.

Bichat’s dedicated disciples studied his writ-
ings and arranged to have them translated into
other languages. In Treatise on Tissues (1800),
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Bichat presented his objectives for a new science
of anatomy and pathology. In essence, he be-
lieved that an accurate classification of the differ-
ent tissues of the body was fundamental to the
new science. An anatomist would have to know
the distribution of tissues in the various organs
and parts of the body and the susceptibilities of
specific tissues to disease. These themes were
developed further in his General Anatomy, Ap-
plied to Physiology and Medicine, a work which
has been called one of the most important books
in the history of medicine. Bichat’s last great
work, the five-volume Treatise of Descriptive
Anatomy, was unfinished at the time of his death.

Clearly, Bichats tissue theory of general
anatomy is quite different from the cell theory
that was elaborated in the nineteenth century by
Matthias Jacob Schleiden (1804-1881) and
Theodor Schwann (1810-1882). Cell theory is a
fundamental aspect of modern biology and im-
plicit in our concepts of the structure of the body,
the mechanism of inheritance, development and
differentiation, and evolutionary theory.

Many of Bichat’s followers came to regard
the tissue as the body’s ultimate level of resolu-
tion. Among the more conservative French
physicians—even after cell theory had been well
established for both plants and animals—the tis-
sue was still considered the natural unit of struc-
ture and function. Many agreed with Bichat’s
well-known skepticism concerning microscopic
observations. The microscope was not a trust-
worthy tool for exploring the structure of the
body, Bichat cautioned, because every person
using it saw a different vision. Many micro-
scopists had reported that biological materials
were composed of various sorts of globules.
While some of these entities might have been
cells, in many cases they were probably just op-
tical illusions or artifacts. Although Bichat’s work
is often regarded as the foundation for the sci-
ence of histology, the word “histology” was actu-
ally coined about 20 years after his death.

LOIS N. MAGNER
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Neurology

Overview

Neurology is the study of the body’s brain and
nervous system. Although modern neurology was
not established until the twentieth century when
surgery, antibiotics, and imaging techniques were
well known, the cornerstones for neurology were
laid two hundred years earlier. During the eigh-
teenth century, scientists in England and Europe
began studies on the function of nerves and why
they made muscles contract. Claims of “animal
electricity” traveling through the nervous system
sparked new discoveries in physiology and tech-
nology, and influenced the prevailing literature
and culture. Eventually, eighteenth century scien-
tists contemplated the spark of vitality itself, de-
bating its natural, spiritual, or electrical origin in
the perception of the human brain.

Background

Prior to the eighteenth century, the fledgling sci-
ence of neurology, named by English anatomist
Thomas Willis (1621-1675), consisted mostly of
anatomical observations. Willis was the first to
try to link the structure of the brain to its func-
tion. By removing the brain from the cranium,
Willis was able to describe the brain more clear-
ly, especially illustrating the arterial supply.
Willis surmised that the disease of epilepsy and
many paralytic conditions were linked with
brain or nervous system dysfunction. With
vague ideas of brain function, Willis attempted
to map particular areas of the brain as responsi-
ble for certain mental functions such as vision,
hearing, and touch. Willis also observed basic
reflexes and attributed them to brain function.

The first scientific studies of nerve function
were undertaken in the early 1700s by the Eng-
lish clergyman Stephen Hales (1677-1761). By
1730, Hales had discovered a connection be-
tween the spinal cord and reflex action. An avid
animal experimenter, Hales was the first to mea-
sure blood pressure in an animal by attaching a
goose’s trachea to a living horse’s carotid artery,
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then observing how far up a glass tube the force
of the heart pumped the horse’s blood. The sci-
ence of the day included the belief that muscle
contraction was also caused by the force of the
blood and its pressure in the muscles. Hales mea-
sured blood pressure in smaller and smaller blood
vessels, and determined that blood pressure was
so reduced in muscles it could not possibly be re-
sponsible for their movement. Instead, Hales sug-
gested that muscle movement was electrical in
origin. Turning to smaller animals for this experi-
mentation, Hales studied muscle movement in
decapitated frogs. By pricking the frogs skin and
stimulating the frog’s reflexes, Hales noted that
the nerve action continued without the frog
brain. Hales concluded that this action was relat-
ed to the frog’s extended nervous system which
communicated with the spinal cord.

As to what force sparked the nervous sys-
tem, it was thought at the time to be the domain
of the soul. In his 1751 publication On the Vital
and other Involuntary Motions of Animals, English
physician Robert Whytt (1714-1766) explained
the soul as the vital force from a rational and
natural stance, rather than a religious one. This
soul, Whytt reasoned, was equally distributed
throughout the nervous system and was respon-
sible for communicating sensory stimulus to
muscles during a reflex action. Whytt demon-
strated for the first time that the entire intact
spinal cord is not necessary for a reflex action,
but that only a small segment is necessary and
sufficient to produce a reflex arc. Whytt also
showed that certain reflexes could be destroyed
(contraction of the pupils to light, known as
Whytt's reflex) when cranial nerves were sev-
ered. In the clinical setting, Whytt observed and
reported spinal shock and was the first to de-
scribe tuberculosis meningitis in children.

Swiss physiologist Albrecht von Haller
(1708-1777), professor of medicine, anatomy,
surgery, and botany at the University of Gottin-
gen, made essential contributions to the devel-
oping study of neurology by delineating muscle
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An illustration depicting Luigi Galvani’s frog-leg experiments in 1771. (Corbis Corporation. Reproduced with permission.)

action from nerve action. Haller’s animal experi-
mentation on the irritability (contractility) of
muscles and the sensitivity of nerves was exten-
sive—Haller himself performed almost two hun-
dred of over five hundred experiments. Based on
the theory of general irritability proposed earlier
by English scientist Francis Glisson (1597-
1677), Haller showed in 1752 that contractility
is a property inherent in muscle fibers, while
sensibility is an exclusive property of nerves. By
this experimentation, the fundamental division
of fibers according to their reactive properties
was established. Haller concluded that muscle
fibers contracted independently of the nerve tis-
sue around it. Haller thus explained why the
heart beats: contraction of muscular tissue stim-
ulated by the influx of blood. Even after the
electrophysiology pertaining to the heart was
understood more than one hundred years later,
Haller’s basic suppositions regarding tissue con-
tractility remained essentially correct. Haller’s
experiments also showed that nerves were inher-
ently unchanged when stimulated, but caused
the muscle around it to contract, thus implying
that nerves carry impulses which cause sensa-
tion. This distinction between nerve and muscle
action illustrated by Haller provided the frame-
work for the advent of modern neurology.

After an accidental discovery of the relation-
ship between electricity and muscle movement
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while studying frogs, Italian physician Luigi Gal-
vani (1737-1798) proposed a theory of “animal
electricity.” By suspending the legs of frogs with
copper wire from an iron balustrade, Galvani no-
ticed that the frog feet twitched when they came
in contact with the iron balustrade. While dis-
secting frogs for study, Galvani also noticed that
contact between certain metal instruments and
the specimen’s nerves provoked muscular con-
tractions in the frog. Believing the contractions to
be caused by electrostatic impulses, Galvani ac-
quired a crude electrostatic machine and Leyden
jar (used together to store static electricity), and
began to experiment with muscular stimulation.
Galvani also experimented with natural electro-
static-static occurrences. In 1786, Galvani ob-
served muscular contractions in the legs of a
specimen while touching a pair of scissors to the
frog’s lumbar nerve during a lightning storm. The
detailed observations on Galvani’s neurophysio-
logical experiments on frogs, and his theories on
muscular movement were not published until a
decade after their coincidental discovery. In
1792, Galvani published De Viribus Electricitatis
in Motu Musculari (On Electrical Powers in the
Movement of Muscles). The work set forth Gal-
vani’s conclusions that nerves were detectors of
minute differences in external electrical potential,
and that animal tissues possessed electricity dif-
ferent from the “natural” electricity found in
lightning or an electrostatic machine. Galvani
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later proved the existence of bioelectricity by
stimulating muscular contractions with the use
of only one metallic contact—a pool of mercury.

Impact

The accomplishments of eighteenth century sci-
entists such as Hales, Whytt, Haller, and Galvani
laid the foundation for the independent discipline
of neurology. The fact that it was a new field,
largely due to the recent knowledge of the under-
lying anatomy and physiology, made it an attrac-
tive choice for many outstanding clinicians of the
early nineteenth century. From 1790 until the
1840s, hardly a year lapsed between major dis-
coveries of the structure or physiology of the
brain and nervous system. Aided by the eigh-
teenth century invention of the microscope, neu-
rons (nerve cells) were some of the first cells
clearly described (in 1837 by J.E. Purkinje). Once
the anatomy and elementary physiology were un-
derstood, scientists began to link various disease
states solely to the brain and nervous system.

The fascination with “animal electricity”
continued, although the minute electrical activity
in the body was later proved to hold no special
animal properties. Alessandro Volta (1745-
1827), professor at Pavia, showed that a muscle
could be made to contract continuously (as in
tetany) by applying excessive electrical stimula-
tion. Volta also developed the Voltic pile, the first
electrical battery, in 1799, by following Galvani’s
example of alternating metallic conductors. In
the late 1700s, some physicians used static elec-
tricity to treat a variety of ailments. The treat-
ments were both fad and fake. The works of sci-
entists such as Galvani and Volta inspired sci-
ence-fiction fantasies. English author Mary
Shelley (1797-1851) published an account of a
monstrous life created with the aid of an electri-
cal spark in Frankenstein, published in 1818.

The animal experiments of Hales, Galvani,
and Haller were at times performed while the
animals were still alive, provoking protest
among some scientific and social contempo-
raries. Although a live animal was fundamental
to some experiments, (Hale’s measurement of
blood pressure, for example) news of the
protests against vivisection (live animal dissec-
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tion) reached the scientists. The anti-vivisection-
ists argued that the experimentation had not re-
sulted in a cure for any maladies known to man.
Even the straightforward and occasionally terse
English writer Samuel Johnson (1709-1784)
softened to the animal cause, claiming vivisec-
tion as cruel and denouncing the doctors who
“extend the arts of torture.” Haller, also a poet,
later refrained from further animal research and
turned his interests to compiling vast bibliogra-
phies on botany and physiology.

The prevailing philosophy of the Enlighten-
ment encouraged most experimentation and rea-
soned intellectualism, both of which made accept-
able the scientific study of the nervous system. Ex-
perimentation prompted new consideration for
the nature of vitality. The prevailing philosophy
of French physician René Descartes (1594-
1650), held that the body functioned mechani-
cally as a result of stimulus and reflex. Religion
held that the soul supplied by God superseded
and influen