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Foreword

INOSAURS wander about in comic strips and loom up in
D advertiscments. Arc they creatures of the imagination
like the winged horse of the Greeks? If not, how do we
know so much about the structure and life habits of
these prehistoric monsters?

In 1740 a small flect sailed from England to capture
Spanish ships in the Pacific. A year later 525 of the 960
men on board werc dead, most of them struck down with
the strange disease, scurvy. Today scurvy has ceased to
be the “scourge of seamen.” What discoveries cut down
the scurvy death lists?

The Panama Canal could not be built until disease-
carrying insects were conquered. How was the relation-
ship between insects and discases discovered?

For thousands of years plant and animal breeding was
carried on. But until Mendel’s laws of heredity were
discovered, little scientific progress was made in improv-
ing plants and animals. How did Mendel, a Moravian
monk, discover these laws?

Ninety per cent of the patients undergoing operations
once died of blood poisoning. Today surgery is compara-

tively safc. How did this change come about?
vii



X ACKNOWLEDGMENTS

The author further wishes to express appreciation to
Grace S. Kern, Herkimer, and to Richara T. Joncs,
Little Falls, whose encouragement never failed and
whose criticisms madc it possible to clarify portions of
the manuscript that otherwise would have been too
technical for readers without a scientific background.

Emiry IEVELETII SNYDER



Contents

Foreworp . . . . . . . . . . . . . . il
ACKNOWLEDGMENTS. . . . . . . . . . . . ix

CILASSIFICATION

from Aristotle to Linnaeus . 3
11. OBSERVATION AND EXPLRIMENT
Vesalius and Harvey. . . . . . . . . . . . 32

ur. THE CELL THEORY
Hooke, Brown, Schleiden, Schwann and Purkinje . 46

1v. LEARNING FROM FossiLs
-, .
Cuvier and Agassiz . . . . . . . . . . . . 80

v. ExPLAINING THE ORIGIN OF SPECIES
Lamarck and Darwin . . . . . . . . . . . 105

vi. “DIVERSE RLCIP}LS
Galton, Mmdel Weismann, De Irzes, and Morgan 126

vil. MADE-TO-ORDER PLANTS

Grew, Kolreuter, and Burbank . . . . . . . . 162
viil. BEFORE AND AFTER THE GERM THEORY
Jenner, Pasteur, Koch, and Lister . . . . . . 175

1X. MALARIA, YELLOW FEVER, AND VIRUSES
Ross, Gorgas, Reed, and Stanley . . . . . . . 207

xi



xii

X.

XI.

XIII.

XIV.

XVI.

XVII.

XVIII.

XIX.

XXI.

CONTENTS

Trcks, Worms, AND INSECTS
Smith, Stiles, and Howard

ANTITOXINS, TOXIN-ANTITOXINS, AND SERUMS
Roux, Von Behring, Ehrlich, and Flexner . . . .

Broop Wil TELL
Mechnikov and Landsteiner . . . . . . . .

C.ONQUERORS OF PAIN
Long, Morton, and Simpson .

IveEry GREEN Lrar Is A CHEMICAL FACTORY
Ingenhousz, Sachs, Willstaller, and Conant . . .

. CALORIES AND VITAMINS
Rubner, Benedict, McCollum, and Fvans . . . .

‘T'rROPISMS AND REGENERATION
Loeb, Jennings, and Spemann . . . . . . . .

CHEMICAL MESSENGERS
Kendall, Bayliss, Starling, and Banting . . . .

NLRVES AND MuscLES IN REACTIONS
Paylov Hill, Sherrington, and Adrian . . . .

Protozoa AND Ti1SSUE CULTURES

Calkins and Carrel . . . . . . . . . . . .
. MobpERN EXPLORERS

Beebe, Andrews, Byrd, and Lindbergh . . . . .
BiorLogy IN THE MAKING . . . . . . . . .
CHrONOLOGICAL LIsT. . . . . . . . . . .
GLOSSARY. . . . . v v v v v v v

GENERAIL BIBLIOGRAPHY

INDEX . . . . . . . .

299

349

368

393

411

420
441
451
471
495
519



BIOLOGY IN THE MAKING






Classification

FROM ARISTOTLE TO LINNAEUS

HY is it not sufficient to call a cat a cat, and a man
Wa man without bothering with such long Latin
names as Felis domestica and Homo sapiens? What ad-
vantages are to be gained from the use of scientific
classifications? These questions and others like them
are frequently asked. Some people who ask these ques-
tions scem to think that classification was invented to
make the study of botany and zoology difficult.. They do
not realize that by classification knowledge may be
increased and put into a usable form.

The history of naming and classifying plants and
animals cxtends far back into the past. When primitive
man first gave names to animals or represented them
in crude pictures on the walls of his caves, he began to
classify them.

The carliest and simplest divisions of plant and
animal life were probably strictly on the basis of useful-
ness: those which furnished food or could be used to
make clothing and shelters, and those which were unfit
for use, poisonous, or troublesome. However, the idea

of sacred and taboo objects became important long
3
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before written records were made. The walls of thé-caves
of the paleolithic man had many pictures of animals,
but few, if any, of plants. It is believed that the animals
were drawn in a religious spirit or for the purpose of
magic. Plants did not require prayers or sacrifices, for,
with the exception of large trees, they were within man’s
power to collect and use.

The two ideas, that of use and that of religious signifi-
cance, therefore, might be considered as the first bascs
for classification. But such a classification would include
comparatively few kinds of plants and animals, because
a much greater number of both would seem to be of no
importance whatever—not cven worth naming.

As civilization progressed, therc was a desire to make
an orderly arrangement of knowledge. Added to this was
an interest, still common today, in seeing and talking
about unusual things. Travelers, then as now, brought
back the unusual to show their friends. However, they
could not tell them about the unusual things they had
seen and werc unable to bring back unless they had
names for them. A very early record of plant life, show-
ing the interest in the unusual, is a group of carvings
which have been found in Egypt. These carvings repre-
sent plants collected by an expedition on its return to
Egypt from Syria in 1500 B.c. Becausc thesc plants were
so different from those in Egypt, the ruler, bclieved to
have been Thothmes III, had an inscription made in
which he affirmed their actual existence.

In the story of the flood and in scveral other places
in the Bible, the animals are classified into more or lcss
natural groups according to their habits. Thus we find
them listed as aquatic animals, birds, and land animals.



GCLASSIFICATION 5

The land animals are further divided into wild beasts,
domestic animals, and creeping things. Classification
was carried further when certain animals, such as sheep,
goats, and bullocks were mentioned as acceptable
animals for sacrifices; while the pig, on the other hand,
was taboo cither for sacrifice or for human consumption.

Commerce and conquests gradually brought the
peoples of the countries around the Mecditerranean and
in the valleys of the Nile and the Tigris-Eupbrates in
contact with one another. Since these countries differed
in physical features and climate, the numbers of known
animals and plants were greatly incrcased. By the time
Grecian civilization was in the ascendancy, both plants
and animals wcre being classified in writings. The
extensive use of plants as medicines made the classifica-
tion of them most important. Modern investigators
have found descriptions of between four and five hundred
plants used in the treatment of discases during the fifth
and fourth centurics before Christ.

Aristotle (384 -322 B.c.) is oftcn spoken of as the
“Father of Biology.” His work on the clussification of
animals is cited as a great advance in scientific thought.
In onc of his writings he classified 520 species of animals.
As some of the animals common in Greece are not men-
tioned by him, it is rcasonable to suppose that he was
familiar with a few more than this number. But when it is
remembered that in 1899 William Beebe (see page 421)
had 900 spccies of living birds in the New York Zoological
Gardens, Aristotle’s number seems rather insignificant.

Modern knowledge is based on such different condi-
tions that before it is possible to appreciate Aristotle’s
contributions to biology, it is nccessary to understand
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something of thc civilization existing in this fourth
century before the Christian era. In spitc of the fact that
the known world was greater in extent than it had cver
been before, it was very small in comparison with the
known world today. At the time Aristotlc was a young
man thc Greeks knew well the Grecian peninsula,
Macedonia, the southern part of Italy, Sicily, and Asia
Minor. They knew something about the coastline of
most of the Mediterrancan Sea and the Black Sca. They
had little really accurate knowledge of Asia or northern
Europc. Beyond the limits of the tcrritory they had
explored and colonized, the world existed only in folk
tales and myths and was populated with a variety of
mythical monsters. When we consider what a small
amount of territory was actually known, we can under-
stand one rcason why it was possible for an individual in
Aristotle’s time to have a comprehensive knowledge of
the known world in a way that has never been possible
since.

Further than that, since there werc no intricate
machines, no telescopes nor microscopes, the intellectual
pursuits of an educated man were limited. The possibility
of knowing more and doing more in the branches of
science such as astronomy, biology, physics, and chemis-
try was definitely restricted by lack of tools.

Aristotle was by no means the first Greek to make an
attempt at classifying animals. However, his mental
ability and the circumstances under which his writings
spread throughout Europe in later centuries have made
him an outstanding figure.

Aristotle was born in the Greek town of Stagira in
384 B.c. His father, Nicomachus, was an Asclepiad. The
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ARISTOTLE
Although better known as a philosopher, Aristotle 1s often called the
“Father of Biology ”” His wiitings about animals influenced the develop-
ment of biology for many centuries (The Bettmann Archive.)
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Asclepiads were the physicians in Greece, who effected
their cures in the name of Aesculapius, the god of healing.
Their treatments were undertaken with a great deal of
mystery and ritual, such as the sacrifice of white cocks
and the use of large harmless snakes. On the other hand,
they kept records of the patients who came to the shrines.
They listed their symptoms and made notes of the way
they responded to treatments. These records were passed
on from generation to gencration, and gradually cffective
mecthods of curing or helping some of the patients were
accepted.

Nicomachus was a physician in the court of the ruler
of Maccdonia. As a child Aristotle played with Philip
who later became a powerful ruler and the father of a
more famous son, Alexander the Great. Nicomachus
died when Aristotle was still a youth. Onc of the vows
taken by the Asclepiads was that they would give their
services in cducating the children of their colleagues;
accordingly, Aristotle received his training in biological
and medical subjects from the friends of his father. This
carly training influenced his thought throughout his
whole life. It is apparent in his philosophy, for which
he is morc widely known than for his studics of living
things.

When he was seventeen or eighteen, Aristotle went to
Athens to study under Plato, the greatest teacher then
living. He remained at Athens until the death of Plato
twenty ycars later. Since he was not named Plato’s
successor as hcad of the Academy, he went to Asia
Minor. There he was attached to the court of Hermelas,
who was a Persian vassal-prince. Aristotle married the
nicce of the prince. A political revolution robbed Herme-
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DEA URCHINS
The eggs and embryos of these mvertebrates are excellent laboratory
matenial for the study of fertilization and segmentation Biologists often
refer to the converging Jaws of the sca urchin as “Arnstotle’s lantern ”
(Courtesy G P Weldon, from ** Economic Biol gy ™)

ias of his power and forced Aristotle to flee to Macedonia,
where by this time, his former playmate, Philip, was the
ruler. Philip put him in charge of the education of his
son, Alexander.

What Aristotle taught to young Alexander is not
definitely known, but it is probable that he taught him
many biological facts, for at all times Aristotle was greatly
interested in living things. Some of his best observations
were made on marine animals. Even today we find that
his name has been preserved in the label “Aristotle’s
Lantern” which was given to the converging Jjaws of the
sea urchin.

After the assassination of Phxhp, Alexander, then abou
twenty years old, became the ruler of Macedonia
Aristotle’s sympathies were quite naturally with the
Macedonians, and for this reason he was not in favol
with the influential party at Athens. Also he approvec
of a monarchic form of government instead of the simple
democratic form that was the ideal of many of the
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Athenians. In spite of the strong fecling against Aristotle,
the power of Alexander was so great that under his pro-
tection it was safe for the philosopher to return to Athens
and found a school.

Herc he was allowed to use a temple dedicated to
Apollo Lykcios for his school. This became known as the
Lyceum. The word “Lyceum” is used today as a term
for an association or institution for literary study, debatcs,
and popular lectures.

Aristotle attracted great numbers of pupils to his
lectures. His former teacher, Plato, had called him
“the brains’ of his school. Now, as a teacher himself,
Aristotle had the opportunity to show his remarkable
mental powers. His days at Athens were fully occupied.
Mornings, he gave lectures to his chosen pupils among
whom were many men well known throughout Athens
for their own accomplishments. In the cvenings, he
lectured to younger men who came to the Lyceum. He
must have devoted a great deal of his time to writing, for
his manuscripts covered a wide field. Some of the subjects
he wrote about were art, biology, logic, mctaphysics,
politics, and psychology.

Aristotle continued his school until the death of
Alexander, when a rebellion in Athens against the
Macedonian government made his life unsafe there.
He fled to the island of Euboea where he died in 322 B.c.

Aristotle’s classification of animals was a standard for
hundreds of years because the groupings were based on
structural difterences rather than on the uses of animals.
In a general way he considered two factors: how the
animals reproduced or from what they were formed, and
whether or not blood was present in the animals.
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According to Aristotle, the highest group of animals
brought forth their young alive and had blood. In this
group he included man and the land and sea mammals
that he knew. The second group reproduced by eggs.
In this group were the birds, reptiles, amphibians, and
fish. These he considered to have blood. However, in this
division he placed the cuttlefish, octopus, and crustaceans
that he considered bloodless. The third group contained
the insects. Over and over again, Aristotle showed the
keenncss of his powers of observation. However, in his
discussion of insects he made a surprising statement.
He thought that all insects began life as worms. He must
have seen the eggs of insects, but he evidently did not
know what they were. In the fourth group, he placed the
lower forms of mollusks. These, he thought, were formed
from slime and mud that in some unknown manner had
become alive, or that new animals grew on the old ones
and then became free from the parents. In the last
group he was shrewd enough to include the coral and
other marine animals in spite of the fact that they resem-
ble plants because they are attached to some base. These
he thought were produced by spontaneous generation.
The idea of spontaneous generation—that organisms
come into being without parent organisms—is a very
old and persistent one.

Aristotle’s influence on his contemporaries was great.
His influence many centuries later was so powerful
that it shaped the development of biological thought for
generations. In time his works acquired a sort of sanctity:
that is, what Aristotle had written was considered the
truth even if a person could sec with his own eyes that
Aristotlec had been mistaken.
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The principal treatises about animals that have been
preserved are—to translate the titles—The History of
Animals, The Parts of Animals, and The Generation of
Animals.

One of Aristotle’s pupils and contemporarics carried
on his work of classification. This man was Thecophrastus
(372288 B.c.). To him Aristotle passed over the manage-
ment of the Lyceum when political troubles drove him
from Greece. He also gave him his personal library and
manuscripts. Theophrastus was particularly interested
in botany. As companion works to those of Aristotle, he
wrote The History of Plants and The Study of Plants.

Competent investigators have concluded that Theo-
phrastus is justly deserving of the title of “Founder of
Scientific Botany.” As late as the cighteenth century he
was recognized as a scientific botanist. Some of the
reasons for his importance arc: he divided plants into
flowering and flowerless groups: and he first used the
term fruzt in the botanical sense in which it is used today
—a ripened ovary with any parts of the flower that may
be attached.

The story of classification begun by Aristotle and his
pupil was interrupted by the course of history. Greeee
was in time absorbed in the expanding Roman Empire.
The civilization of the Romans ditlered greatly from that
of the Greeks. They expended their encrgies in politics,
warfare, colonization, and the construction of roads and
aqueducts. Practical agriculture appecaied to them more
than the study of plants and animals as an intellectual
pursuit. Even the practice of medicine, until recent
times the foster parent of so much that is now included
in bhiology, did not make great advances.
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One Roman, nevertheless, occupies a unique place in
the literature of the natural sciences. He was Pliny the
Elder (a.p. 23-79). His vast work, divided into thirty-
seven books, influenced students for fifteen hundred
years. The title of this work Naturalis Historia, translated
Natural History, does not give a correct idea of the vast
number of subjects it contained. It was more like an
encyclopedia than any other type of book.

In the scction about zoology, Pliny described both
rcal and imaginary animals. With complete sincerity he
wrote about unicorns; dragons breathing fire hot enough
to wither anything it touched; clephants that would not
board a ship until the master had sworn to return them
to their native land. Pliny listed the animals without
regard to likenesses in structure, but usually with the
largest and most remarkable coming first. Each animal
was considered in its relation to man, whether it was
beneficial or harmful. In many instances the importance
of an animal was based on its use as a medicine. Two
of the hundreds of remarkable cures from the book are:

“A tooth stops aching when worms are taken
from a certain prickly plant, put with some bread
in a pill-box and bound to the arm on the same
side of the body as the aching tooth.”

“Two bed-bugs bound to the left arm in wool
stolen from shepherds are a charm against noctural
fevers; against diurnal fevers if wrapped in russet
cloth instcad.”*

Bed-bugs are also listed as a cure for snake bites.

* THORNDIKE, LYNN, ITistory of Aagic and Experimental Science. New York:
The Macmillan Co., 1923. Vol. I, p. 89.
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Pliny gave the uses of medicinal plants in great detail.
He believed that all plants were of medicinal value;
only in some cases their exact uses werc not as yet
known.

There are two reasons for mentioning Pliny in a
chapter on classification. First, in his Natural History
he made an attempt to summarize all the information
known about plants and animals. This summarization
took the place of and dclayed classification on more
scientific lines. Second, his writings were so popular in
the fifteenth century that between 1469 and 1499 seven
editions were brought out in Italy alone. Not until 1492
was there a book written which called attention to the
errors to be found in Pliny. No wonder that, with such
popularity, all sorts of romantic and unusual ideas about
plants and animals continued to be believed by the
educated for centuries, and arc still more than hali-
believed by the ignorant. Charles Singer in From Magic
to Science says that the spells recited even now by gypsy
fortunc tellers are inaccurate formulas taken f{rom
Pliny’s works and handed down by word of mouth
through the centuries.

During that period of history known as the Middle
Ages, changes took place which influenced intellectual
activities in cvery field. The monasteries were the seats
of learning. In them the monks spent long hours writing,
copying, and illuminating manuscripts. However, their
activities were not entirely confined within the monastery
walls. They considered that taking care of the sick was a
form of charity they should practice. For this purpose
they carefully cultivated many kinds of herbs. The value
of some of these plants was real; of some, imaginary. As
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a natural result of circumstances a new kind of book
appcared, the herbal. As the title suggests, the herbals
were written about medicinal plants.

The plants in the herbals were listed according to their
specific uses. Some of these herbals were beautifully
illustrated with drawings by which plants could be
recognized. In others, the drawings were so conventional-
ized that they resembled no particular plants. In a few
of these books an even more bewildering situation
occurred. The plants of one locality were described while
the drawings were of plants found in an entirely different
locality. For example, in a manuscript prepared in
England about 1050, the illustration accompanying a
plant called “henbane” is not of the English form, but
of one growing ncar the Mediterranean. Naturally,
such inaccuracies led to confusion in the minds of people
who were anxious to learn about plants.

Before taking up the modern idea of classification, we
must note with particular interest a book written by
Konrad von Gesner. Gesner was born in Ziirich, Switzer-
land, in 1516. Friends who had becn attracted by
Konrad’s ability and carnestness in his school work con-
tributed enough money to make it possible for him to
study in Basle, Paris, and Montpellier. After the com-
pletion of his education he was for a time professor of
Greek in Lausanne and was then appointed town-
physician of Zurich. He died in 1565 while fighting an
cpidemic of the plaguc in that city.

During his life Gesner wrote an immense work called
Historia  Animalism. It was about thirty-five hundred
pages in length and was published in four volumes. It
is difficult to translate the Latin titles of many books
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Grsvir N His Musrowm
Thus picture gives an idea of the specimans to be found 1n a museum
the sixteenth century The few and simplc tools used m preparing spea-
mens indicate that no very delicate work was undertaken (7 he Bettmann
Archive )

into concise English The contents of Gesner's book can
be more clearly mdicated by calhing 1t a description
rather than a history of ammals

In classifying animals he followed the same grouping
that had been estabhished by Aristotle in the fourth
century before Christ However, to make the book
easier to use, he arranged the animals i alphabetical
order within the groups Lach anmimal was discussed
from eight ponts of view Firsty all the known names of
the animal were given, mcluding names i different
languages Second, a description of the ammal, including
s habits and origin, was given Third, “the natural
funcuon of the body™ was discussed The fourth point
would be a surprise 1f found 1n a modern textbook, for
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it concerned the qualities of the soul of the animal.
The next item gave the gencral uses of thc animal to
man, and the sixth its use as food. The scventh section
contained the medicinal uses of the animal, many of
which were based on the uses found in Pliny’s Natural
History. The last item cannot help but amuse the modern
student of biology. It consisted of “poctical and philo-
sophical speculations” about the animal, together with
stories to be found about it in other books.

Gesner’s book was interesting and it was widely read.
The author reported many accurate observations of his
own. At the same time, he relied so much on Aristotle
and Pliny for information that his book preserved old
inaccuracies. Furthermore, he included descriptions
and drawings of animals that he had been told existed
in America. Actually, these strange creatures existed
only in somebody’s vivid imagination. Nevertheless, the
book was valuable in many ways and it marks a dividing
linc between the medieval and modern points of view
in biology.

Since Gesner’s book was the best of its kind when it
was published, it is easy to see that classification was not
carried on in a very scientific way. During the next two
centuries a ncw impetus was given to the study of plants
and animals. Expeditions of conquest and cxploration
took Europcans to countries hitherto unknown to them.
New animals and plants were found. For example, the
opossum in North America and the kangaroo in Australia
greatly surprised the first Europeans who saw them.
Ship captains brought back large collections of living
and prescrved specimens of plants and animals to
exhibit to their friends. Some of them were mere curiosi-
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ties, but others, such as the white potato, proved 1o be of
cconomic importance.

Many cducated people who werce intercsted in plants
and animals did not have opportunities to travel to new
countries. They amused and instructed themselves by
making collections and by growing unusual plants.
Amateur and professional gardeners induced their friends
who traveled to bring back any strange plants they might
find. They exchanged the bulbs and seeds from their
gardens with as much enthusiasm as boys show when
trading stamps. The wealthier gardeners paid high
prices for exotic plants.

It can be easily understood that the influx of new kinds
of plants and animals made apparcnt the need of a
reasonable method of classification. Many disputes also
arose about the factors which determined a species.
How different must two plants or animals be in order
that they should be considered examples of two species?

Unless one is aware of this interest in nature mani-
fested by many educated people in the eighteenth
century, it will be impossible to appreciate the impor-
tance of Linnaeus to his contemporaries and to his
followers.

Carolus Linnaeus was born in Rashult, Sweden, in
1707. How his father, Nils, happened to have thc name
Linnaeus is told by a Swedish writer. Nils was a peasant
lad from Sunncrbo, in the province of Smaland in
Sweden. As was the case with country pcople in general
in Sweden, he had no family name. When he was at
school preparing for the ministry, he adopted the name
of Linnaeus after a mighty linden trce growing near his
home, which was regarded by the country folk as a sort
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of sacred tree. Nils Linnaeus loved plants and in the
parishes where he lived he was known for the unusual
collection of herbs he raised in his garden. Carolus, when
he was old enough, had his own garden in which he
took great delight.

In 1717 young Linnacus was sent to Vaxj6 to school.
His progress was far below the standard of the school,
cspecially in Latin. Therefore, the authorities sent word
to his father that hc would be wisc to apprentice his
son to a cobbler and give up the idea of making him a
priest. Fortunately Dr. Johann S. Rothman, the boy’s
teacher in physics, had observed his interest in natural
science. He did not agrec with the other teachers that
Linnaeus was wasting his time when he spent the hours
on collecting trips that they thought he should have spent
on books. Dr. Rothman persuaded the father to let the
boy continue his schooling. Not only that, but he took
a personal interest in him. He gave him Pliny’s Natural
History and books by Joseph de Tournefort and Hermann
Boerhaave to study. Tournefort was a French botanist
who had advanced a theory that the higher plants
could be classified according to peculiarities of the
flowers. Boerhaave, many years later, becamec very
much interested in Linnaeus and recommended him
for a position that influenced his life from that time.

When Carolus was twenty he went to Lund, where he
studied at the University. He lived in the home of Dr.
Kilian Stobaeus, professor of medicine. Here the boy
had many advantages, such as the use of the professor’s
large library, but unfortunately he incurred the jealousy
of another student named Nicholas Rosen. The unpleas-
antness which arose made matters very difficult for
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Linnaeus. During the succeeding years the paths of
these two crossed several times to the disadvantage of
Linnacus.

The following year Dr. Rothman, his former teacher,
advised the young man to go to Upsala where there was
a superior school of medicine and botany. Linnacus had
no moncy, but his family hoped that a relative connected
with the university would be able to find him employ-
ment. He arrived in Upsala on the day of the funeral
of the relative. His other hope for aid was that he might
find favor with Olof Celsius, the dean of the college.
Cclsiu; was away when Linnaeus arrived. Before long,
Carolus and a fellow student, Peter Artedi, with whom
he had formed a firm friendship, were reduced to abject
poverty. Linnaeus was eventually forced to mend his
shoes with birch bark and paper. When he was on the
point of giving up all hope, Celsius returned. He was at
once impressed by Linnacus’s knowledge of botany. He
gave him employment as tutor to his children and as
assistant in helping him prepare a dissertation on the
flowers mentioned in the Bible. While aiding in this
work, Linnaeus was allowed to use the library of Celsius.
Here he found a small treatise on the scx of plants. This
with the previously mentioned work by Tournefort
made him think more and more about the problems of
classification.

At Upsala, Linnacus came to the attention of Olaus
R. Rudbeck, Jr., an elderly professor of botany. The
old professor talked for hours about a trip which his
father had taken through Lapland. He himself had
always intended to take such a trip but had never found
the time. Linnaeus was intrigued by the descriptions he
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LinNarus IN His GARDEN
Botanical gardens filled with rare and unusual plants, such as the one
represented 1n this picture, were popular during the time of Linnacus The
naturalist 1s shown here using a magnifying glass There 1s no evidence that
he used a microscope 1n his work (7he Bettmann Archiwe )
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heard. Thereforc when the Academy of Sciences at
Upsala decided to have another survey of plant life made
in this little-known region, Linnaeus was appointed to
make it. In 1732, he set out on a journey through
Lapland as an observer and collector.

He made the journey of approximately 3,798 miles
alone or with an occasional guide. He traveled on foot,
by horseback, and in a few places, in crude boats.
Great stretches of the country were desolate. Several
times he was so short of food that his strength nearly
gave out. He carried only such extra clothing and
equipment as he could get into a knapsack. For days he
walked through swamplands where he frequently sank
to his knces in the mud. While he lived among the
Laplanders, his bed was made of two layers of moss, one
for a mattress and the other for a blanket.

At one place Linnaeus did the natives a great service.
Their reindeer werc dying of some strange poison.
Linnaeus discovered that the poisonous water hemlock
grew there in abundance. He pointed out this noxious
plant to the Laplanders and advised them to keep their
herds away from thc places where it grew. On his way
back to Upsala, he spent ten days in the mining region
near the head of the Gulf of Bothnia, where he studied
the art of assaying metals. '

In 1733 Linaeus returned to the mining district to
make a further study of the minerals of his native land.
During this trip he met Baron Nils Esbjérnson Reuter-
holm, governor at Falun and director of mines in Sweden,
who had heard of Linnaeus’s journey into Lapland.
Linnaeus proposed a trip through Dalecarlia, which
Reuterholm agreed to finance. The plans were left in an
indefinite statc when Linnaeus returned to Upsala.
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Fortunately later, at a time when Linnaeus was again
reduced to want, the Baron remembered the proposed
trip and sent for Linnaeus. On this trip he was accom-
panied by nine young mecn, each of whom had some
particular intcrest in natural science. They covered
about 533 miles, for the most part on horseback.

Linnaeus returned to Falun, the home of the Baron.
On his previous visit therc he had met Sara Elizabeth
Moraeus, the daughter of a well-to-do physician. He
had fallen in love with her and wanted to marry her.
Her father would not consent to the marriage until
Linnaeus had a definite means of earning a living. The
hest plan seemed for him to go to Harderwijk in Holland
and get a degree in medicine. This would have been
impossible except for the fact that Sara Elizabeth gave
him her savings, which amounted to about a hundred
dollars (Swedish).

The year 1735 was an cventful one for Linnaeus in
spite of his poverty. In Holland he received his doctor’s
degree and with the financial aid of a friend published
his Systema Naturae. This was the first of his books in
which he presented the scheme of classification now
known as binomial nomenclature. Immediately botanists
in Europe and England took notice of it.

After several years in Holland, Linnaeus became so
homesick for Sweden that he returned. He settled in
Stockholm and subsequently married Sara Elizabeth. At
first his practice was small; but before long he came to the
attention of the court, and his practice increased rapidly.

In 1739 Linnacus was appointed physician to the
Swedish Navy. He gave considcrable attention to the
dietary, or allotment of food for the sailors. Later it was
brought to his attention that large amounts of lumber in
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the shipyards were being destroyed by the borings of the
larvac of an insect. At his direction the wood was kept
under water during the short time when the female
insects were laying their eggs. The carrying out of his
instructions saved the government many thousands of
dollars.

For years Linnaeus had hoped that some day he might
return to Upsala as a professor. An opportunity came in
1741 when he was asked to lecture on anatomy. The
subject was not what he most wanted; nevertheless, he
accepted the post. Curiously cnough, the lectures on
botany, materia medica, and natural history, the subjects
in which he was most interested, were being given by his
old rival, Rosen. But Rosen was dissatisfied. He wanted
to lecture on anatomy. In spite of the bitterness between
them caused by earlier diffcrences, the two men came to
terms and exchanged professorships during the following
year. Linnaeus held his professorship until 1763, when
he had his son appointed to succeed him.

In the later years of his life, Linnaeus reccived many
honors. He was awarded the Order of the Polar Star in
1753. Eight years later he was ennobled and took the
name of von Linné. At that time he designed his own
coat of arms which bore the motto that translated means
“To spread fame by deeds.” Carl von Linné, the son,
who had few of the father’s talents, died without heirs, so
according to custom, this coat of arms was broken over
his grave.

After Linnaeus’s death in 1778, a quarrel in the family
resulted over his collections. In an indirect way this was
the reason why the collection, library, and correspond-
ence of Linnaeus left Sweden and were taken to England
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Caro1us LINNAEUS
In this engraving the Swedish naturalist holds a spray of his favorite
flower It 1s commonly called twin flower, but in Latin 1t perpetuates hie
name as Linnaea borealis He wears the msigma of the Order of the Polar
Star (7 he Bettmann Archwe )
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where they became cherished possessions of the Linnaean
Society. This society has exerted a wide influence on
scientific thought in England since its founding.

Linnacus was an exccllent teacher. His courses in
botany were conducted largely by means of field trips
and were very popular. He believed that a botanist
should know the plants in his own country first, but he
encouraged a wider experience, if possible. Daniel
Charles Solander, who was a botanist with one of
Captain James Cook’s expeditions in the South Pacific,
wa¥ a pupil of Linnaeus.

The writings which brought Linnacus to the attention
of all botanists were Systema Naturae, published in the
same year that he received his degree in medicinc;
Fundamenta Botanica, Genera Plantarum, and Crilica Bolanica.
They were published in Latin, as were all scientific
books at the time. In these four books he fully expounded
his famous system of classification.

In the attempt to make names of plants signify charac-
teristics, botanists prior to Linnaeus often used so many
words that the name was really a description of the
plant. For example, the name of one kind of grass con-
tained fifteen Latin words. Written in a line, the namec
is as long as a blade of grass. Linnaeus felt that such
terminology was absurd.

In a letter to Albrecht von Haller, dated June 8, 1737,
Linnaeus asked this question: “Why should we retain
the ell-long names of Monolasiocallenomenphyllorum,
Hypophyllocarpodendium, etc., and other barbarian
jargon?”’

His solution to the problem was to give each species a
generic and a specific name. The generic name indicates
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its relationship to allied species. The specific name distin-
guishes it from allied species. As an example of the econ-
omy resulting from this method, we find that the name
of the grass mentioned above was changed to Poa bulbosa.

It must always be kept in mind that classification is an
invention of man’s brain by which he tries to show the
similarities and differences between things. No method
of classification is perfect, becausc an organism may bec
like another organism in some characteristics and
different from it in other characteristics. The question
then arises: on what basis shall it be classified? By his
schemes of classification, Linnaeus brought a large
measure of order to the task of classification. He pointed
out what characteristics should be used as standards in
distinguishing species.

Although many of the terms have been changed or
modified and plants and animals have been shifted
around, yet the whole modern scheme of classification
has a foundation in Linnaeus’s work. It is not necessary
to describe exactly what Linnaeus meant by his terms;
it is more important to outline briefly what is meant by
classification today.

The housc cat can be classified as follows:

Kingdom Animal
Phylum Chordata
Subphylum Vertebrata
Class Mammalia
Order Carnivora
Family Felidae
Genus Felis

Species domestica



28 BIOLOGY IN THE MAKING

To explain classification it may be more simple to
begin at the bottom of the scheme and go to the top.
Species is a term applied to a group of individuals which
closely resemble each other. In the case of the cat, the
word domesiica means household or domestic. (Sub-
species, varieties, and so on may also be included.)
At the time Linnaeus published Systema Naturae he be-
lieved in the fixity of species. By this term students of
natural history expressed their belief that a species had
bred true since its first appcarance on the earth and
would continue to do so. Before his death Linnaeus
somewhat modified his views on this point, but not
sufficiently to causc any great change in his methods of
classification. In later chapters the modern conception
of the changing of species by mutations will be discussed
(see page 157).

A Genus is a group of related Species. A lion and a tiger
have many characteristics in common with a house cat.
The names Felis leo and Felis tigris express that relation-
ship. A Family is a group of Genera which have common
characteristics. In the same way an Order is made up of
Families. In the classification of the cat, Carnivora means
flesh eating. Related Orders are grouped in a Class.
The word Mammalia refers to animals that nourish
their young by milk secreted from the mammary glands.
A consideration of the four-legged domestic animals will
at once show that these belong to the Class Mammalia.
A Subphylum is made up of Classes. Vertebrata refers to the
fact that the animals have backbones. The Phylum
Chordata includes animals which have a more or less well
developed nervous system, dorsally situated. The Phyla
make up the Kingdom. There are two Kingdoms of living
things—Animal and Plant. Recently, some of the very
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simplc organisms having the characteristics of both have
been placed ir a group called the Protista.

Having worked from the bottom of the system up,
we will now work down, as would be natural in using a
table of classification. Taking man as an organism to bc
classified, we first find that hc belongs to the Animal
hingdom. A wcll-developed dorsal nervous system places
him in the Phylum Chordala; a backbonc, in the Sub-
phylum Vertebrala. As a baby he is fed by milk from
the mammary glands of the mother, so he belongs in the
Class Mammalia. So far, thc man and the house cat, the
lion and the tiger, the cow, the pig, and the horse arc
members of the same groups. Now comes a great differ-
ence. Normally, man stands in an crect position on two
legs. For this reason, he belongs to the Order Primates,
animals which stand crect or nearly so. The Family to
which he belongs is Hominidae; the Genus, Homo; and the
Species, sapiens. Sapiens refers to the ability of man to
know—to think.

When one considers the rapidity with which a new
craze like that of crossword puzzles can spread, it is
easy to understand how classification of cverything
became a vogue. To many people classification of all
sorts of things became a kind of game. Even scientists
put altogether too much importance on mere catalogu-
ing. Many more useful and practical types of research
were neglected. As with cverything else, enthusiasm
waned after a time. Now classification has rcached a more
normal level of importance and is recognized as the
means to an end and