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FOREWORD TO TEACHERS

A CcOURsE in biology given to beginners in the secondary school
should have certain aims. These aims must be determined to a
degree, first, by the ecapabilities of the pupils, second, by their
native interests, and, third, by the environment of the pupils.

The boy or girl of average ability upon admission to the second-
ary school is not a thinking individual. The training given up to
this time, with but rare exeeptions, has been in the forming of
simple eoncepts. These concepts have been reached didactically
and empirically. Drill and memory work have been the peda-
gogic vehicles. Even the elementary secience work given has
resulted at the best in an interpretation of some of the common
factors in the pupil’s environment, and a widening of the mean-
ing of some of his concepts. Therefore, the first science of the
secondary school, elementary biology, should be primarily the
vehicle by which the ehild is taught to solve problems and to think
straight in so doing. No other subject is more eapable of logical
development. No subject is more vital because of its relation
to the vital things in the life of the ehild. A series of experiments
and demonstrations, discussed and applied as definite concrete
problems which have arisen within the child’s horizon, will develop
power in thinking more surely than any other subjeet in the first
year of the secondary school.

But in our eagerness to develop the power of logical thinking
we must not lose sight of the previous training of our pupil. Up
to this time the method of induction, that handmaiden of logical
thought, has been almost unknown. Concepts have been formed
deductively by a series of comparisons. All concepts have been
handed down by the authority of the teacher or the text; the
inductive search for the unknown is as yet a closed book. It is
unwise, then, to directly introduce the pupil to the method of in-
duction with a series of printed directions which, though definite
in the mind of the teacher because of his wider horizon, mean

-
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8 FOREWORD TO TEACHERS

little or nothing as a definite problem to the pupil. The child
must be brought to the appreciation of the problem through the
deductive method, by a comparison of the future problem with
some definite concrete experience within his own field of vision.
Then by the inductive experiment, still led by a series of oral
questions, he comes to the real end of the experiment, the coneclu-
sion, with the true spirit of the investigator. The result is tested
in the light of past experiment and a generalization is formed which
means something to the pupil.

For the above reason the laboratory problems, which naturally
precede the textbook work, should be separated from the subject
matter of the text. A textbook in biology should serve to verify
the student’s observations made in the laboratory, it should round
out his concept or generalization by adding such material as he
cannot readily observe and it should give the student directly
such information as he cannot be expected to gain directly or
indirectly through his laboratory experience. For these reasons
the laboratory manual has been separated from the text.

“The laboratory method was such an emancipation from the old-time
bhookish slavery of pre-laboratory days that we may have been inclined
to overdo it and to subject ourselves to a new slavery. It should never
be forgotten that the laboratory is simply a means to the end; that the
dominant thing should be a consistent chain of ideas which the laboratory
may serve to elucidate. When, however, the laboratory assumes the first
place and other phases of the course are made explanatory to it, we have
taken, in my mind, an attitude fundamentally wrong. The question is,
not what types may be taken up in the laboratory to be fitted into the
general scheme afterwards, but what ideas are most worth while to be
worked out and developed in the laboratory, if that happens to be the
best way of doing it, or if not, some other way to be adopted with perfect
freedom. Too often our course of study of an animal or plant takes the
easiest rather than the most illuminating path. What is casier, for in-
stanee, particularly with large classes of restless pupils who apparently
need to be kept in a condition of uniform occupation, than to kill a supply
of animals, preferably as near alike as possible, and set the pupils to work
drawing the dead remains? This method is usually supplemented by a
series of questions coneerning the remains which are sure to keep the
pupils busy a while longer, perhaps until the bell strikes, and whieh usu-
ally are so planned as to anticipate any ideas that might naturally erop
up in the pupil’s mind during the drawing exercise.
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¢ Sueh an abuse of the laboratory idea is all wrong and should be avoided.
The ideal laboratory ought to be a retreat for rainy days; a substitute
for out of doors; a clearing house of ideas brought in from the outside.
Any course in biology which can be confined within four walls, even if
these walls be of a modern, well-equipped laboratory, is in some measure
a failure. Living things, to be appreciated and correctly interpreted,
must be seen and studied in the open where they will he encountered
throughout life. The place where an animal or plant is found is just as
important a characteristic as its shape or function. Impossible field excur-
sions with large classes within school hours, which only bring confusion to
inflexible school programs, are not necessary to accomplish this result.
Properly administered, it is without doubt one of our most efficient de-
vices for developing biological ideas, but the laboratory should he kept in
its proper relation to the other means at our disposal and never be allowed
to degenerate either into a place for vacuous drawing exercises or a bio-
logical morgue where dead remains are viewed.” — Dr. II. E. Walter.

For the sake of the pupil the number of technical and scientific
terms has been reduced to a minimum. The language has been
made as simple as possible and the problems made to hinge upon
material already known, by hearsay at least, to the pupil. So far
as consistent with a well-rounded course in the essentials of bio-
logical science, the interests of the children have been kept in the
foreground. In a recent questionaire sent out by the author and
answered by over three thousand children studying biology in the
secondary schools of Connecticut, Massachusetts, New Jersey,
and New York by far the greatest number gave as the most
interesting topies those relating to the care and functions of the
human body and the control and betterment of the environment.
As would be expected, boys have different biological interests from
girls, and children in rural schools wish to study different topics
from those in congested districts in large communities. The time
has come when we must frankly recognize these interests and
adapt the content of our courses in biology to interpret the
immediate world of the pupil.

With this end in view the following pages have been written.
This book shows boys and girls living in an urban community
how they may best live within their own environment and how
they may cooperate with the civie authorities for the betterment
of their environment. A logical course is built up around the
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topics which appeal to the average normal boy or girl, topics given
in a logical sequence so as to work out the solution of problems
bearing on the ultimate problem of the entire course, that of prep-
aration for citizenship in the largest sense.

Seasonal use of materials has been kept in mind in outlining
this course. Field trips, when properly organized and later used
as a basis for discussion in the classroom, make a firm foundation
on which to build the superstructure of a course in biology. The
normal environment, its relation to the artificial environment of
the city, the relations of mutual give and take existing between
plants and animals, are better shown by means of field trips than
in any other way. Field and museum trips are enjoyed by the
pupils as well.  These result in interest and in better work. The
course 1s worked up around certain great biological principles;
hence insects may be studied when abundant in the fall in connec-
tion with their relations to green plants and especially in their re-
lation to flowers. In the winter months material available for the
laboratory 1s used. Saprophytic and parasitic organisms, wild
plants in the household, are studied in their relations to man-
kind, both as destroyers of food, property and life and as man’s
invaluable friends. The economic phase of biology may well be
taken up during the winter months, thus gaining variety in sub-
ject matter and in method of treatment. The apparent emphasis
placed upon economic material in the following pages is not real.
It has been found that material so given makes for variety, as it
may be assigned as a topical reading lesson or simply used as
reference when needed. Cyeclic work in the study of life phenom-
ena and of the needs of organisms for oxygen, food, and reproduc-
tion culminates, as it rightly should, in the study of life-processes
of man and man’s relation to his environment.

In a course in biology the difficulty comes not so much in know-
ing what to teach as in knowing what not to teach. The author
believes that he has made a selection of the topics most vital in a
well-rounded course in elementary biology directed toward civie
betterment. The physiological functions of plants and animals,
the hygiene of the individual within the community, conservation
and the betterment of existing plant and animal products, the



FOREWORD TO TIEACHERS 11

big underlying biological concepts on which society is built, have
all been used to the end that the pupil will become a better,
stronger and more unselfish citizen. The “spiral” or ecyclic
method of treatment has been used throughout, the purpose being
to ultimately build up a number of well-rounded concepts by
constant repetition but with constantly varied viewpoint.

The sincere thanks of the author is extended to all who have
helped make this book possible, and especially to the members
of the Department of Biology in the De Witt Clinton High School.
Most of the men there have directly or indirectly contributed
their time and ideas to help make this book worth more to teachers
and pupils. The following have read the manuscript in its entirety
and have offered much valuable constructive criticism : Dr. Herbert
E. Walter, Professor of Zoology in Brown University ; Miss Elsie
Kupfer, Head of the Department of Biology in Wadleigh High
School ; George C. Wood, of the Department of Biology in the
Boys” High School, Brooklyn ; Edgar A. Bedford, Head of Depart-
ment of Biology in the Stuyvesant High School; George E. Hew-
itt, George T. Hastings, John D. MecCarthy, and Frank M. Wheat,
all of the Department of Biology in the De Witt Clinton High
School.

Thanks are due, also, to Professor E. B. Wilson, Professor G. N.
Calkins, Mr. William C. Barbour, Dr. John A. Sampson, W. C.
Stevens, and C. W. Beebe, Dr. Alvin Davison, and Dr. Irank
Overton ; to the United States Department of Agriculture; the
New York Aquarium ; the Charity Organization Society ; and the
American Museum of Natural History, for permission to copy and
use certain photographs and cuts which have been found useful in
teaching. Dr. Charles H. Morse and Dr. Lucius J. Mason, of the
De Witt Clinton High School, prepared the hygiene outline in the
appendix. Frank M. Wheat and my former pupil, John W. Teitz,
now a teacher in the school, made many of the line drawings and
took several of the photographs of experiments prepared for this
book. To them especially T wish to express my thanks.

At the end of cach of the following chapters is a list of books
which have proved their use either as reference reading for students
or as aids to the teacher. Most of the books mentioned are within
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the means of the small school. Two sets are expensive : one, The
Natural History of Plants, by Kerner, translated by Oliver, pub-
lished by Henry Holt and Company, in two volumes, at $11 ; the
other, Plant Geography upon a Physiological Basis, by Schimper,
published by the Clarendon Press, $12; but both works are inval-
uable for reference.

For a general introduction to physiological biology, Parker,
Elementary Biology, The Macmillan Company; Sedgwick and
Wilson, General Biology, Henry Holt and Company; Verworn,
General Physiology, The Macmillan Company ; and Needham, Gen-
eral Biology, Comstalk Publishing Company, are most useful and
inspiring books.

Two books stand out from the pedagogical standpoint as by far
the most helpful of their kind on the market. No teacher of
botany or zodlogy can afford to be without them. They are:
Lloyd and Bigelow, The Teaching of Biology, Longmans, Green,
and Company, and C. I'. Hodge, Nature Study and Lafe, Ginn and
Company. Other books of value from the teacher’s standpoint
are: Ganong, The Teaching Botanist, The Macmillan Company ;
L. H. Bailey, The Nature Study Idea, Doubleday, Page, and Com-
pany; and McMurry’s How to Study, Houghton Mifflin Company.



CHAPTER

L
II.
1L
Iv.
V.
VI.

VIIL
VIIL

XIL
XII.
XIV.

XV.
XVI.
SXWIIL
XVIIL
XIX.
XX.

CONTENTS

Forewonrp To T'EACHERS . . . . . .
SoME REASONS FOR THE STUDY OF BrorLogy . .
Tue ENVIRONMENT oF PLANTS AND ANIMALS . . .
THE INTERRELATIONS OF PLANTS AND ANIMALS . .

Tue Fuxcrions axp ComrosiTioNn oF Living Toines

PLANT GROWTH AND NUTRITION — THE CAUSES oF GROWTH

THE ORGANS OF NUTRITION IN PLANTS — THE So1n aAND
1Ts RErLarioN to Roots

PLANT GROWTII AND NUTRITION — PLANTS MakE Foon

Praxt GrOwWTII AND NUTRITION — THE CIRCULATION AND
FinarnL Uses or Foop By Praxts

Our Forests, THEIR USES AND THE NECESSITY OF THEIR
ProreCTION . . . . . . . . .

Tue EcoxoMic ReELaTioN ofF GREEN Praxts 1o MAaN

PrLaxts wiTHOUT CHLOROPHYLL IN THEIR RELaTION TO
Max . . . . . . . .

THE RELATIONS OF PLANTS TO ANIMALS

SINGLE-CELLED ANIMALS CONSIDERED AS ORGANISMS .

DivisioNn oF LABOR, THE VaARIOUs Foryms or PLANTS AND
ANIMALS . . . . . . . . .

Tue Ecoxoyic IMPORTANCE OF ANIMALS

AN INTRODUCTORY STUDY OF VERTEBRATES

HErEDITY, VARIATION, PLANT AND ANIMAL BREEDING

ToeE Humax MACHINE AND ITS NEEDS ’ . .
Foops Axp DIETARIES . X . . . . .
DIGESTION AND ABSORPTION . ; . . . ; .

13

PAGE

296



14
CHAPTER
XXI.
XXII.
NXXIL
XXIV.
RO,

CONTENTS

Tue BrLoob AND 118 CIRCULATION . . y .
RespiraTION AND EXCRETION . . . s .
Bopy CoxtrorL axp Hasir Formartion . . : .
MaxN’s TMPROVEMENT OF HIS LNVIRONMENT . .
SoMeE GREAT NaMES IN Birorogy ’ . . . .

APPENDIX . ; . . . . c : -

[N XS

SUGGESTED COURSE WITH TIME ALLOTMENT AND SEQUENCE
or Torics For COURSE BEGINNING IN FALL
SUGGESTED SYLLABUS FOR COURSE 1N BIOLOGY BEGINNING

IN FEBRUARY AND ENDING THE NEXT JANUARY

Hyciexe OUTLINE . ) . . . . .
WEIGHTS, MEASUKES, AND TEMPERATURES 3 . .
SUGGESTIONS FOR LABORATORY LQUIPMENT . . .

. . . . . - . . . . . - .

PAGFE
315
329
348

B Ll

DY

398

107

407

411
415
417
1S

119



A CIVIC BIOLOGY

I. THE GENERAL PROBLEM — SOMIS REASONS FOR
THE STUDY OF BIOLOGY

What is Biology? — Biology (s the study of lLiving beings, both
plant and animal. Inasmuch as man is an animal, the study of
biology includes the study of man in his relations to the plants
and the animals which surround him. Most important of all
is that branch of biology which treats of the mechanisin we call
the human body, — of its parts and their uses, and its repair.
This subject we call human physiology.

Why study Biology? — Although biology i1s a very modern
science, it has found its way into most high schools; and an in-
creasingly large number of girls and boys are yearly engaged in its
study. These questions might well be asked by any of the students :
Why do I take up the study of biology? Of what practical value
is it to me? Besides the discipline it gives me, is there anything
that I can take away which will help me in my future life ?

Human Physiology. — The answer to this question is plain.
If the study of biology will give us a better understanding of our
own bodies and their care, then it certainly is of use to us. That
phase of biology known as physiology deals with the uses of the
parts of a plant or animal ; human physiology and hygiene deal
with the uses and care of the parts of the human animal. The
prevention of sickness is due in a large part to the study of hygiene.
It is estimated that over twenty-five per cent of the deaths that
occur yearly in this country could be averted if all people lived in
a hygienic manner. In its application to the lives of each of us, as
a member of our family, as a member of the school we attend,
and as a future citizen, a knowledge of hygiene is of the greatest
importance.

Relations of Plants to Animals. — But there are other reasons

why an educated person should know something about biology.
15



16 SOME REASONS FOR STUDYING BIOLOGY

We do not always realize that if it were not for the green plants,
there would be no animals on the earth. Green plants furnish
food to animals. Kven the meat-eating animals feed upon those
that feed upon plants. How the plants manufacture this food
and the relation they bear to animals will be discussed in later
chapters. Plants furnish man with the greater part of his food
in the form of grains and cereals, fruits and nuts, edible roots and
leaves; they provide his domesticated animals with food; they
give him timber for his houses and wood and coal for his fires;
they provide him with pulp wood, from which he makes his paper,
and oak galls, from which he may make ink. Much of man’s eloth-
ing and the thread with which it is sewed together come from
fiber-producing plants. Most medicines, beverages, flavoring ex-
tracts, and spices are plant products, while plants are made use of
in hundreds of ways in the useful arts and trades, producing var-
nishes, dyestuffs, rubber, and other products.

Bacteria in their Relation to Man. — In still another way, cer-
tain plants vitally affect mankind. Tiny plants, called bacteria,
so small that millions can exist in a single drop of fluid, exist
almost everywhere about us, — in water, soil, food, and the air.
They play a tremendous part in shaping the destiny of man on
the earth. They help him in that they act as scavengers, causing
things to decay; thus they remove the dead bodies of plants and
animals from the surface of the earth, and turn this material back
to the ground ; they assist the tanner; they help make cheese and
butter ; they improve the soil for crop growing ; so the farmer can-
not do without them. But they likewise sometimes spoil our meat
and fish, and our vegetables and fruits; they sour our milk, and
may make our canned goods spoil.  Worst of all, they cause dis-
eases, among others tuberculosis, a disease so harmful as to be
called the ““ white plague.” Fully one half of all yearly deaths are
«aused by these plants.  So important are the bacteria that a sub-
division of biology, called bacteriology, has been named after them,
and hundreds of scientists are devoting their lives to the study of
bacteria and their control. The greatest of all baeteriologists,
Louis Pasteur, once said, ‘“ It is within the power of man to cause
all parasitie diseases (diseases mostly caused by bacteria) to disap-
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pear from the world.” His prophecy is gradually being fulfilled,
and it may be the lot of some boys or girls who read this book to
do their share in helping to bring this condition of affairs about.

The Relation of Animals to Man. — Animals also play an im-
portant part in the world in causing and carrying disease. Ani-
mals that cause disease are usually tiny, and live in other
animals as parasites; that is, they get their living from their hosts
on which they feed. Among the diseases caused by parasitie
animals are malaria, yellow fever, the sleeping sickness, and the
hookworm disease. Animals also carry disease, especially the
flies and mosquitoes; rats and other animals are also well known
as spreaders of disease.

From a money standpoint, animals called insects do much harm.
It is estimated that in this country alone they are annually re-
sponsible for $800,000,000 worth of damage by eating crops, forest
trees, stored food, and other material wealth.

The Uses of Animals to Man. — We all know the uses man
has made of the domesticated animals for food and as beasts of
burden. But many other uses are found for animal products,
and materials made from animals. Wool, furs, leather, hides,
feathers, and silk are examples. The arts make use of ivory, tor-
toise shell, corals, and mother-of-pearl; from animals come per-
fumes and oils, glue, lard, and butter; animals produce honey,
wax, milk, eggs, and various other commodities.

The Conservation of our Natural Resources. — Still another
reason why we should study biology is that we may work under-
standingly for the conservation of our natural resources, especially
of our forests. The forest, aside from its beauty and its health-
giving properties, holds water in the earth. It keeps the water
from drying out of the earth on hot days and from running off on
rainy days. Thus a more even supply of water 1s given to our
rivers, and thus freshets are prevented. Countries that have been
deforested, such as China, Italy, and parts of France, are now sub-
ject to floods, and are in many places barren. On the forests
depend our supply of timber, our future water power, and the
future commercial importance of cities which, like New York, arc
located at the mouths of our navigable rivers.

HUNTER, CIV. BI. —2
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Plants and Animals mutually Helpful. — Most plants and ani-
mals stand in an attitude of mutual helpfulness to one another,
plants providing food and shelter for animals; animals giving off
waste materials useful to plants in the making of food. We also
learn that plants and animals need the same conditions in their
surroundings in order to live : water, air, food, a favorable temper-
ature, and usually light. The life processes of both plants and
animals are essentially the same, and the living matter of a tree is
as much alive as is the living matter in a fish, a dog, or a man.

Biology in its Relation to Society. — Again, the study of biology
should be part of the education of every boy and girl, because so-
ciety itself is founded upon the principles which biology teaches.
Plants and animals are living things, taking what they can from
their surroundings ; they enter into competition with one another,
and those which are the best fitted for life outstrip the others.
Animals and plants tend to vary each from its nearest relative in all
details of structure. The strong may thus hand down to their
offspring the characteristics which make them the winners. Health
and strength of body and mind are factors which tell in winning.

Man has made use of this message of nature, and has developed
improved breeds of horses, cattle, and other domestic animals.
Plant breeders have likewise selected the plants or seeds that have
varied toward better plants, and thus have stocked the earth with
hardier and more fruitful domesticated plants. DMan’s dominion
over the living things of the earth is tremendous. This is due to his
understanding the prineciples which underlie the science of biology.

Finally the study of biology ought to make us better men
and women by teaching us that unselfishness exists in the natural
world as well as among the highest members of society. Ani-
mals, lowly and complex, sacrifice their comfort and their very
lives for their young. In the insect communities the welfare of
the individual is given up for the best interests of the community.
The law of mutual give and take, of sacrifice for the common good,
is seen everywhere. This should teach us, as we come to take our
places in society, to be willing to give up our individual pleasure
or selfish gain for the good of the community in which we live.
Thus the application of biological prineiples will benefit society.



II. THE ENVIRONMENT OF PLANTS AND ANIMALS

Problem. —To discover some of the fuctors of the environ-
ment of plants and animals.

(@) Environment of a plant.

(O) Environment of an animal.

(¢) Home environment of a girl or boy.

LABORATORY SUGGESTIONS

Laboratory demonstrations. — Factors of the environment of a living
plant or animal in the vivarium.

Home cxercise. — The study of the factors making up my own environ-
ment and how I ean aid in their control.

Environment. — Each one of us, no matter where he lives, comes
in contact with certain surroundings. Air is everywhere around
us; light is necessary to us, so much so
that we use artificial light at night. The
city street, with its dirty and hard paving
stones, has come to take the
place of the soil of the village
or farm. Water and food are
a necessary part of our sur-
roundings.  Our clothing,
useful to maintain a certain
temperature, must also be
included. All these things
— air, light, heat, water, food — together
make up our environment.

All other animals, and all plants as
well, are surrounded by and use prac-

An unfavorable city environ- ) i .
e tically the same things from their en-

vironment as we do. The potted plant

in the window, the goldfish in the aquarium, your pet dog at

home, all use, as we will later prove, the factors of their environ-
19
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ment in the same manner. Air, water, light, a certain amount of
heat, soil to live in or on, and food form parts of the surroundings
of every living thing.

The Same Elements found in Plants
and Animals as in their Environment.
— It has been found by chemists that
the plants and animals as well as their
environment may be reduced to about
eighty very simple substances known
as chemical elements. For example,
the air is made up largely of two ele-
ments, oxygen and nitrogen. Water,
by means of an electrie current, may
be broken up into two elements, oxygen
and hydrogen. The elements in water
are combined to make a chemical com-
pound. The oxygen and nitrogen of
the air are not so united, but exist as
separate gases. If we were to study

Apparatus for separating
water by means of an

An experiment that shows the eleetric eurrent into the
air contains about four fifths two elements, hydrogen
nitrogen. and oxygen.

the chemistry of the bodies of plants and animals and of their
foods, we would find them to be made up of certain chemical
elements combined in various complex compounds. These ele-
ments are principally carbon, hydrogen, oxygen, nitrogen, and
perhaps a dozen others in very minute proportions. But the
same elements present in the living things might also be found
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in the environment, for example, water, food, the air, and the soil.
It is logical to believe that living things use the chemical elements

in their surroundings and in some won-
SULPHUR_ 0.031bs. ¥, %

derful manner bl.lil(l up their. own l.)o(,lies PHOSPHORUﬁ 026t
from the materials found in their en- CALCIUM Q375 Ws % %
vironment. How this is done we will o)
learn in later chapters. 3

What Plants and Animals take from HYDROGEN
their Environment. Air. — It is a self- '3-8?%’5-
evident fact that animals need air. '
Even those living in the water use the
air dissolved in the water. A fish CARBON

; o . . . 2R.251bs.

placed in an air-tight jar will soon die. 135%
It will be proven later that plants also
need air in order to live.

Water. — We all know that water
must form part of the environment of OXYGEN
plants and animals. It is a matter of ID%él?lbs.
common knowledge that pets need 1%
water to drink; so do other animals.
Every one knows we must water a ¥

potted plant if we expect it to grow. Chart to show the poreentage
Water is of so much importance to man iiflI‘;};‘:‘;i:‘;‘ll\:"l““"‘“t"' it
that from the time of the Csars until "

now he has spent enormous sums of money to bring pure water
to his cities. The United States government is spending millions
of dollars at the present time to bring by irrigation the water
needed to support life in the western desert lands.

Light as Condition of the Environment. — Light is another im-
portant factor of the environment. A study of the leaves on any
green plant growing near a window will convince one that such
plants grow toward the light. All green plants are thus influenced
by the sun. Other plants which are not green seem either indif-
ferent or are negatively influenced (move away from) the source
of light. Animals may or may not be attracted by light. A
moth, for example, will fly toward a flame, an earthworm will
move away from light. Some animals prefer a moderate or
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The effect of water upon the growth of trees. These trees were all planted at the
same time in soil that is sandy and uniform. They are watered by a small
stream which runs from left to right in the picture. Most of the water soaks
into the ground before reaching the last trees.

weak intensity of light and live in shady forests or jungles,
prowling about at night. Others seem to need much and strong
light. And man himself
enjoys only moderate in-
tensity of light and heat.
Look at the shady side of
a city street on any hot
day to prove this state-
ment.

Heat. — Animals and
plants are both affected
by heat or the absence of

The effect of light upon a growing plant. it. In cold weather green

: plants either die or their
life activities are temporarily suspended, — the plant becomes
dormant. Likewise small animals, such as insects, may be killed
by cold or they may hibernate under stones or boards. Their
life activities are stilled until the coming of warm weather. Bears
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and other large animals go to sleep during the winter and awake
thin and active at the approach of warm weather. Animals or
plants used to certain temperatures are killed if removed from
those temperatures. Even man, the most adaptable of all ani-
mals, cannot stand great changes without discomfort and some-
times death. He heats his houses in winter and cools them in
summer so as to have the amount of heat most acceptable to him,
1.e. about 70° Fahrenheit.

The Environment determines the Kind of Animals and Plants
within It. — In our study of geography we learned that certain

Vegetation in Northern Russia. The trees in this picture are nearly one hundred
years old. They live under eonditions of extreme cold most of the year.

luxuriant growths of trees and climbing plants were characteristic
of the tropics with its moist, warm climate. No one would expect
to find living there the hardy stunted plants of the arctic region.
Nor would we expect to find the same kinds of animal life in warm
regions as in cold. The surroundings determine the kind of living
things there. Plants or animals fitted to Live in a given locality
will probably be found there if they have had an opportunity to
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reach that locality. If, for example, temperate forms of life were
introduced by man into the tropies, they would either die or they
would gradually change so as to become fitted to live in their new
environment. Sheep with long wool fitted to live in England,
when removed to Cuba, where conditions of greater heat exist,

Plant life in a moist tropical forest. Notice the air plants to the left and the
resurrection ferns on the tree trunk.

soon died because they were not fitted or adapted to live in their
changed environment.

Adaptations. — Plants and animals are not only fitted to live
under certain conditions, but each part of the body may be fitted to
do certain work. I notice that as T write these words the fingers
of my right hand grasp the pen firmly and the hand and arm exe-
cute some very complicated movements. This they are able to
do because of the free movement given through the arrangement
of the delicate bones of the wrist and fingers, their attachment
to the bones of the arm, a wonderful complex of musecles which
move the bones, and a directing nervous system which plans
the work. Beecause of the peculiar fitness in the structure of the
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hand for this work we say it is adapted to its function of grasping
objects. Each part of a plant or animal is usually fitted for some
particular work. The root of a green plant, for example, is fitted
to take in water by having tiny absorbing organs growing from it,
the stems have pipes or tubes to convey liquids up and down and
are strong enough to support the leafy part of the plant. Each
part of a plant does work, and is fitted, by means of certain strue-
tures, to do that work. It is because of these adaptations that
living things are able to do their work within their particular en-
vironment.

Plants and Animals and their Natural Environment. — Those
of us who have tried to keep potted plants in the schoolroom
know how difficult it is to keep them healthy. Dust, foreign
gases in the air, lack of moisture, and other eauses make the
artificial environment in which they are placed unsuitable for
them.

A goldfish placed in a small glass jar with no food or no green
water plants soon seeks
the surface of the water,
and if the water 1s not.
changed frequently so as
to supply air the fish will
die. Again the artificial
environment laeks some-
thing that the fish needs.
Each plant and animal is
limited to a certain en-
vironment because of cer-
tainindividual needs which
make the surroundings fit
for it to live in.

Changes in Environ-
ment. — Most plants and
animals do mnot change
their environment. Trees,
SrGan plants of all kinds’ A natural barrier on a stream. No trout
and some animals remain would be found above this fall. Why not?
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fixed in one spot practically all their lives. Certain tiny plants
and most animals move from place to place, either in air, water,
on the earth or in the earth, but they maintain relatively the
same conditions in environment. Birds are perhaps the most
striking exception, for some may fly thousands of miles from
their summer homes to winter in the south. Other animals, too,
migrate from place to place, but not usually where there are
great changes in the surroundings. A high mountain chain with
intense cold at the upper altitudes would be a barrier over which, for
example, a bear, a deer, or a snail could not travel.  Fish like trout
will migrate up a stream until they come to a fall too high for them
to jump. There they must stop because their environment limits
them.

Man in his Environment. — Man, while he is like other animals
in requiring heat, light, water, and food, differs from them in that
he has come to live in a
more or less artificial en-
vironment.  Men who
lived on the earth thou-
sands of year ago did not
wear clothes or have elab-
orate homes of wood or
brick or stone. They did
not use fire, nor did they
at cooked  foods. In
short, by slow degrees,
civilized man has come to
live in a changed environ-
ment from that of other
animals. The living to-
gether of men n com-
munities has caused cer-
tain needs to develop.
Many things can be sup-

A new apartment house, with out-of-door . .
sleeping porch. pll(‘([ In common, as water,

milk, foods.  Wastes of all

kinds have to be disposed of in a town or city.  Houses have come
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to be placed close together, or piled on top of cach other, as in the
modern apartment. Fields and trees, all outdoor life, has practi-
cally disappeared. Man has come to live in an artificial envi-
ronment.

Care and Improvement of One's Environment.— Man can
modify or change his surroundings by making this artificial en-
vironment favorable to live in. He may heat his dwellings in
winter and cool them in summer so as to maintain a moderate and
nearly constant temperature. He may see that hix dwellings have
windows so as to let light and air pass in and out. He may have
light at night and shade by day from intense light. He may have
a system of pure water supply and may see that drains or sewers
carry away his wastes. He may see to it that people ill with
“ecatching 7 or infectious diseases are ixolated or quarantined from
others. This care of the artificial environment ix known as sanita-
tion, while the care of the individual for himself within the environ-
ment is known as hygiene. It will be the chief end of this book to
show girls and boys how they may become good citizens through
the proper control of personal hygiene and sanitation.

»
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ITI. THE INTERRELATIONS OF PLANTS AND ANIMALS

Problem. —To discover the deneral interrelations of dreen
plants and animals.

() Plants as honees for insects.

(b) Plants as food for insects.

(e) Insects as pollinating adents.

LABORATORY SUGGESTIONS

A field trip: — Obhject : to collect common insects and study their gen-
eral characteristics; to study the food and shelter relation of plant and
insects. The pollination of {lowers should also be carefully studied so as
to give the pupil a general viewpoint as an introduetion io the study of
biology.

Laboratory exercise. — Examination of simple insect, identification of
parts — drawing. Kxamination and identification of some orders of
insects.

Laboratory demonstration. — Life history of monarch and some other
butterflies or moths.
Laboratory erercise. — Study of simple flower — emphasis on work of

essential organs, drawing.

Laboratory exercise. — Study of mntual adaptations in a given insect
and a given flower, e.g. butter and eggs and bumble bee.

Demonstration of examples of insect pollination.

The Object of a Field Trip. — Many of us live in the city, where
the crowded streets, the closely packed apartments, and the city
playgrounds form our environment. It is very artificial at best.
To understand better the normal environment of plants or animals
we should go into the country. Failing in this, an overgrown city
lot or a park will give us mueh more closely the environment as it
touches some animals lower than man.  We must then remember
that in learning something of the natural environment of other
living creatures we may better understand our own environment
and our relation to it.

28
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On any bright warm day in the fall we will find inseets swarming
everywhere in any vacant lot or the less cultivated parts of a city
park. Grasshoppers, butterflies alighting now and then on the
flowers, brightly marked hornets, bees busily working over the
purple asters or golden rod, and many other forms hidden away
on the leaves or stems of plants may be secen. If we were to select
for observation some partially decayed tree, we would find it also
inhabited. Beetles would be found boring through its bark and
wood, while eaterpillars (the young stages of butterflies or moths)
are feeding on 1ts leaves or building homes in its branches.  Every-
where above, on, and under ground may be noticed small forms of
life, many of them inseets. Let us first see how we would go to
work to identify some of the common forms we would be likely to
find on plants. Then a little later we will find out what they are
doing on these plants.

How to tell an Insect. — A bee is a good example of the group
of animals we call insects. If we examine its body carefully, we
notiee that it has three regions, a
front part or head, a middle part
called the thorax, and a hind portion,
jointed and hairy, the abdomen. We
cannot eseape noting the fact that this
inseet has wings with which it flies
and that it also has legs. The three
pairs of legs, which are jointed and
provided with tiny hooks at the end,
are attached to the thorax. Two
pairs of delicate wings are attached
to the upper or dorsal side of the
thorax. The thorax and indeed the
entire body, is covered with a hard h 2b.
shell of material similar to a eow’s 4, inseet viewed from the side.
horn, there being no skeleton inside for ~ Notice the head, thorax, and

abdomen. What other char-
the attachment of muscles. If we i do vou find ?
earefully wateh the abdomen of a
living bee, we notice it move up and down quite regularly. The
animal is breathing through tiny breathing holes called spiracles,
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placed along the side of the thorax and abdomen. Bees also have
compound eyes. Wings are not found on all insects, but all the
other characters just given are marks of the
great group of animals we call insects.
Forms to be looked for on a Field Trip. —
[nasmuch as there are over 360,000 different
species or kinds of insects, it is evident that it
would be a hopeless task for us even to think of
recognizing all of them. But we can learn to
Part of the com- .

pound eye of an éCognize a few examples of the common forms

insect (highly mag- that might be met on a field trip. In the fields,

it on grass, or on flowering plants we may count on
finding members from six groups or orders of insects. These may
bhe known by the following characters.

The order Hymenoptera (membrane wing) to which the bees,
wasps, and ants belong is the only insect group the members of
which are provided with true stings. This sting is placed in a
sheath at the extreme hind end of the abdomen. Other charac-
teristies, which show them to be insects, have been given above.

Butterflies or moths will be found hovering over flowers. They
belong to the order Lepidoptera (scale wings). This name is
given to them because their wings are covered with tiny secales,
which fit into little sockets on the wing much as shingles are placed
on a roof. The dust which comes off on the fingers when one
‘atches a butterfly is composed of these scales. The wings are
always large and usually brightly colored, the legs small, and one
pair is often inconspicuous. These insects may be seen to take
liquid food through a long tubelike organ, called the proboscis,
which they keep rolled up under the head when not in use. The
voung of the butterfly or moth are known as caterpillars and feed
on plants by means of a pair of hard jaws.

Grasshoppers, found almost everywhere, and crickets, black
grasshopper-like insects often found under stones, belong to the
order Orthoptera (straight wings). Members of this group may
usually be distinguished by their strong, jumping hind legs, by
their chewing or biting mouth parts, and by the fact that the hind
wings are folded up under the somewhat stiffer front wings.
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Another group of insects sometimes found on flowers in the fall
are flies. They belong to the order Diptera (two wings). These
insects are usually rather small and have a single pair of gauzy

Forms of life to be met on a field trip. A, The red-legged locust, one of the
Orthoptera; o, the egg-layer, about natural size. B, the honey bee, one of
the Hymenoptera, about natural size. (', a bug, one of the Hemiptera, about
natural size. D, a butterfly, an example of the Lepidoptera, slichtly reduced.
E, a house fly, an example of the Diptera, about twice natural size. F, an
orb-weaving spider, about half natural size. (This is not an insect, note the
number of legs.) G, a beetle, slightly reduced, one of the Coleoptera.
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wings. Flies are of much importance to man because certain of
their number are disease carriers.

Bugs, members of the order Hemiptera (half wings), have a
jointed proboscis which points backward between the front legs.
They are usually small and may or may not have wings.

The beetles or Coleoptera (sheath wings), often mistaken for
bugs by the uneducated, have the first pair of hardened wings
meeting in a straight line in the middle of the back, the second
pair of wings being covered by them. Beetles are frequently found
on goldenrod blossoms in the fall.

Other forms of life, especially spiders, which have four pairs of
walking legs, centipedes and millepedes, hoth of which are worm-
like and have many pairs of legs, may be found.

Try to discover members of the six different orders named
above. Collect specimens and bring them to the laboratory for
identification.

Why do Insects live on Plants? — We have found insect life
abundant on living green plants, some visiting flowers, others
hidden away on the stalks or leaves of the plants. Let us next
try to find out why insects live among and upon flowering green
plants.

The Life History of the Milkweed Butterfly. — If it is possible
to find on our trip some growing milkweed, we are quite likely to
find hovering near, a golden brown and black butterfly, the monarch
or milkweed butterfly (Anosia plexippus). Its body, as in all
insects, is composed of three regions. The monarch frequents
the milkweed in order to lay eggs there. This she may be found
doing at almost any time from June until September.

Egg and Larva. — The eggs, tiny hat-shaped dots a twentieth of
an inch in length, are fastened singly to the underside of milkweed
leaves. Some wonderful instinet leads the animal to deposit the
eggs on the milkweed, for the young feed upon no other plant.
The eggs hatch out in four or five days into rapid-growing worm-
like caterpillars, each of which will shed its skin several times
hefore it becomes full size. These caterpillars possess, in addition
to the three pairs of true legs, additional pairs of prolegs or cater-
pillar legs.  The animal at this stage is known as a larva.
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Formation of Pupa. — After a life of a few weeks at most, the
caterpillar stops eating and begins to spin a tiny mat of silk upon
a leaf or stem. It attaches itself to this web by the last pair of
prolegs, and there hangs in the dormant stage known as the
chrysalis or pupa. This is a resting stage during which the body
changes from a eater-
pillar to a butterfly.

The Adult. — After
a week or more of
inactivity in the pupa
state, the outer skin
is  split along the
back, and the adult
butterfly emerges. At
first the wings are soft
and much smaller
than in the adult.
Within fifteen minutes
to half an hour after
the butterfly emerges,
however, the wings
are full-sized, having
been pumped full of
blood and air, and the
little insect is ready
after herwedding flight

Monarch butterfly: adults, Larvar, and pupa on their

to follow her instinct food plant, the milkweed. (From a photograph
st TEsh loaned by the American Museum of Natural
aeposl er eggs on History.)

a milkweed plant.

Plants furnish Insects with Food. — Food is the most important
factor of any animal’s environment. The insects which we have
seen on our field trip feed on the green plants among which they
live. Each insect has its own particular favorite food plant or
plants, and in many cases the eggs of the insect are laid on the
food plant so that the young may have food close at hand. Some
insects prefer the rotted wood of trees. An American zodlogist,
Packard, has estimated that over 450 kinds of insects live upon

HUNTER, CIV. BIL.— 3
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oak trees alone. Everywhere animals are engaged in taking their
nourishment from plants, and millions of dollars of damage is done
every year to gardens,
fruits, and cereal crops
by insects.

All Animals depend on
Green Plants.— But in-
sects in their turn are the
food of birds; cats and
dogs may kill birds; lions
or tigers live on still larger
defenseless animals as deer
or cattle. And finally
comes man, who eats the
bodies of both plants and
animals. But if we reduce
this search after food to its final limit, we see that green plants
provide all the food for animals. For the lion or tiger eats the
deer which feeds upon grass or green shoots of young trees, or
the cat eats the bird that lives on weed seeds. Green plants
supply the food of the world. Later by experiment we will prove
this.

Homes and Shelter. — After a field trip no one can escape the
knowledge that plants often give animals a home. The grass
shelters millions of grasshoppers and countless hordes of other small
insects which can be obtained by sweeping through the grass with
an insect net. Some insects build their homes in the trees or
bushes on which they feed, while others tunnel through the wood,
making homes there. Spiders build webs on plants, often using
the leaves for shelter. Birds nest in trees, and many other wild
animals use the forest as their home. Man has come to use all
kinds of plant produets to aid him in making his home, wood and
rarious fibers being the most important of these.

What do Animals do for Plants? — So far it has seemed that
green plants benefit animals and receive nothing in return. We
will later see that plants and animals together form a balance of life
on the earth and that one is necessary for the other. Certain

Damage done by insects. These trees have
been killed by boring insects.
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substances found in the body wastes from animals are necessary
to the life of a green plant.

Insects and Flowers. — Certain other problems can be worked
out in the fall of the year. One of these is the biological interre-
lations between insects and flowers. Tt is easy on a field trip to
find insects lighting upon flowers. They evidently have a reason
for doing this. To find out why they go there and what they do
when there, it will be first necessary
for us to study flowers with the idea
of finding out what the insects get
from them, and what the flowers
get from the insects.

The Use and Structure of a
Flower. — It is a matter of common
knowledge that flowers form fruits
and that fruits contain seeds. They
are, then, very important parts of
certain plants.  Our field trip shows
us that flowers are of vartous shapes,
colors, and sizes. It will now be
our problem first to learn to know
the parts of a flower, and then find
out how they are fitted to attract
and receive insect visitors.

The Floral Envelope.—In a
flower the expanded pOI‘tiOIl of the A section of a flower, cut lengthwise.
flower stalk, which holds the parts 1In the center find the pistil with
of the flower,is called the peceptacle. 1 ova ot s ol o
The green leaflike parts covering the  a circle of stalked structures, the
unopened flower are called the sepals. ifﬁ:}(’;i‘:;l)(ﬁ:;.kn,‘lilﬁf‘ ?\11 t(?l;n:ﬁ(i
Together they form the C(ll'y:l‘,. of parts are called the petals and

The more brightly colored structures S"I’aljf'_ as we go from the inside

outward.
are the petals. Together they form
the corolla. The corolla is of importance, as we shall see later,
in making the flower conspicuous. Frequently the petals or
corolla have bright marks or dots which lead down to the base of
the cup of the flower, where a sweet fluid called nectar is made and
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secreted. It is principally this food substance, later made into
honey by bees, that makes flowers attractive to insects.

The Essential Organs. — A flower, however, could live without
sepals or petals and still do the work for which it exists. Certain
essential organs of the flower are within the so-called floral envelope.
They consist of the stamens and pistil, the latter being in the center
of the flower. The structures with the knobbed ends are called
stamens. In a single stamen the boxlike part at the end is the
anther; the stalk which holds the anther is called the filament.
The anther is in reality a hollow box which produces a large
number of little grains called pollen. Each pistil is composed of
a rather stout base called the ovary, and a more or less lengthened
portion rising from the ovary called the style. The upper end of
the style, which in some cases is somewhat broadened, is called the
stigma.  The free end of the stigma usually seeretes a sweet fluid
in which grains of pollen from flowers of the same kind can grow.

Insects as Pollinating Agents. — Inscets often visit flowers to
obtain pollen as well as nectar. In so doing they may transfer
some of the pollen from one flower to another of the same kind.
This transfer of pollen, called pollination, is of the greatest use to
the plant, as we will later prove. No one who sees a hive of bees
with their wonderful communal life can fail to see that these insects
play a great part in the life of the flowers near the hive. A famous
observer named Sir John Lubbock tested bees and wasps to see
how many trips they made daily from their homes to the flowers,
and found that the wasp went out on 116 visits during a working
day of 16 hours, while the bee made but a few less visits, and
worked only a little less time than the wasp worked. It isevident
that in the course of so many trips to the fields a bee must light on
hundreds of flowers. '

Adaptations in a Bee. — If we look closely at the bee, we find the
bhody and legs more or less covered with tiny hairs; especially are
these hairs found on the legs. When a plant or animal structure
is fitted to do a certain kind of work, we say it is adapted to do that
work. The joints in the leg of the bee adapt it for complicated
movements; the arrangement of stiff hairs along the edge of a
concavity in one of the joints of the leg forms a structure well
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adapted to hold pollen. In this way pollen is collected by the hee
and taken to the hive to be used as food.  But while gathering
pollen for itself, the dust is caught on the hairs and cther pro-

Bumblebees. o, queen; b, worker; e, droa>,

jections on the body or legs and is thus carried from flower to
flower. The value of this to a flower we will see later.

Field Work.— Is Color or Odor in a Flower an Attraction to an Insect?
— Sir John Lubbock tried an experiment which it would pay a number of
careful pupils to repeat. He placed a few drops of honey on glass slips
and placed them over papers of various colors.  In this way he found that
the honeybee, for example, could evidently distinguish different eolors.
Bees seemed to prefer blue to any other color.  Flowers of a yellow or
flesh color were preferred by flies. It would be of considerable interest
for some student to work out this problem with our native bees and with
other inscets by using paper flowers and honey or sirup.  Test the keen-
ness of sight in inseets by placing a white object (a white golf ball will do)
in the grass and see how many inseets will alight on it.  Try to work out
some method by which you ean deeide whether a given insect is attracted
to a flower by odor alone.

The Sight of the Bumblebee. — The large eyes located on the
sides of the head are made up of a large number of little units,
each of which is considered to be a very simple eye. The large
eyes are therefore called the compound eyes.  All insects are pro-
vided with compound eyes, with simple eyes, or in most cases
with both. The simple eyes of the bee may be found by a eareful
observer between and above the compound eyes.
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Insects can, as we have already learned, distinguish differences
in color at some distance; they can see moving objects, but they
do not seem to be able
to make out form well.
To make up for this,
they appear to have
an  extremely well-
developed sense of
smell. Insects can dis-
tinguish at a great dis-
tance odors which to the
human nose are indis-
tinguishable.  Night-
flying insects, espe-
cially, find the flowers
by the odor rather
than by color.

Mouth Parts of the

Th(“hozul of a bee. ;;1, gntenna) or “‘feclers’’; Bee. — The mouth of
E, compound eye; S, simple eye; M, mouth i
parts; T, tongue. the bee is adapted to

take in the foods we
have mentioned, and is used for the purposes for which man
would use the hands and fingers. The honeybee laps or sucks
nectar from flowers, it chews the pollen, and it uses part of the
mouth as a trowel in making the honeycomb. The uses of the
mouth parts may be made out by watching a bee on a well-opened
flower.

Suggestions for Field Work. — In any locality where flowers are abun-
dant, try to answer the following questions: How many bees visit the
locality in ten minutes? How many other insects alight on the flowers?
Do bees visit flowers of the same kinds in succession, or fly from one
flower on a given plant to another on a plant of a different kind? If the
bee lights on a flower cluster, does it visit more than one flower in the
same cluster? How does a bee alight?  IExactly what does the bee do
when it alights?

Butter and Eggs (Linaria vulgaris). — From July to October
this very abundant weed may be found especially along roadsides
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and in sunny fields. The flower cluster
forms a tall and conspicuous cluster of
orange and yellow flowers.

The corolla projects into a spur on
the lower side; an upper two-parted
lip shuts down upon a lower three-
parted lip. The four stamens are in
pairs, two long and two short.

Certain parts of the corolla are more
brightly colored than the rest of the

Flower cluster of *“ butter and

"
eZas.

flower. This color is a
guide to msects.  But-
ter and eggs 1s visited
most by bumblebees,
which are guided by
the orange lip to alight
just where they can
push their way into
the flower. The bee,
seeking the nectar secreted in the spur,
brushes his head and shoulders against
the stamens. He may then, as he pushes
down after nectar, leave some pollen upon
the pistil, thus assisting in self-pollination.
Visiting another flower of the cluster, it
=k would be an easy matter accidentally to transfer

Diagram to show how the hee pollinates **butter and eggs.”
The bumblebee, upon entering the flower, rubs its head against the long pair of
anthers (@), then continuing to press into the flower so as to reach the nectar
at (N) it brushes against the stigma (S), thus pollinating the flower. Inasmuch

as bees visit other flowers in the same cluster, cross-pollination would also be
likely. Why?
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this pollen to the stigma of another flower. In this way pollen
is carried by the insect to another flower of the same kind. This
is known as cross-pollination. By pollination we mean the transfer
of pollen from an anther to the stigma of a flower. Self-pollination is
the transfer of pollen from the anther to the stigma of the same flower;
cross-pollination is the transfer of pollen from the anthers of one
flower to the stigma of another flower on the same or another plant
of the same kind.

History of the Discoveries regarding Pollination of Flowers. —
Although the ancient Greek and Roman naturalists had some vague
ideas on the subject of pollina-
tion, it was not until the first
part of the nineteenth century
that a book appeared in which
a German named Conrad
Sprengel worked out the facts
that the structure of ecertain
flowers seemed to be adapted
to the visits of inseets. Cer-
tain facilities were offered to
an insect in the way of ecasy
foothold, sweet odor, and
especially food in the shape of
pollen and nectar, the latter a
sweet-tasting substance manu-
factured by certain parts of the
flower known as the neetar
glands. Sprengel further dis-
: covered the fact that pollen
A wild orchid, a flower of the typ: from ecould be and was earried by

}(\l'h\i(-}‘l (‘fharlo‘s‘ szwin. work’r‘fl out ‘his the inseet visitors from the
1wory of eross-pollination by inscets.
anthers of the flower to its
stigma. It was not until the middle of the nineteenth century,
however, that an Englishman, Charles Darwin, applied Sprengel’s
discoveries on the relation of insects to flowers by his investiga-
tions upon ecross-pollination. The growth of the pollen on the
stigma of the flower results eventually in the production of seeds,
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and thus new plants. Many species of flowers are self-pollinated
and do not do so well in seed production if cross-pollinated, but
Charles Darwin found that some flowers which were self-pollinated
did not produce so many seeds, and that the plants which grew from
their seeds were smaller and weaker than plants from seeds pro-
duced by cross-pollinated flowers of the same kind.  He also found
that plants grown from cross-pollinated =ceds tended to vary more
than those grown from self-pollinated seed. This has an important
bearing, as we shall see later, in the production of new varieties
of plants. Microscopic examination of the stigma at the time of
pollination also shows that the pollen from another flower usually
germinates before the pollen which has fallen from the anthers of
‘the same flower. This latter fact alone in most cases renders it
unlikely for a flower to produce sceds by its own pollen. Darwin
worked for years on the pollination of many insect-visited flowers,
and discovered in almost every case that showy, sweet-scented,
or otherwise attractive flowers were adapted or fitted to be cross-
pollinated by insects.  He also found that, in the case of flowers
that were inconspicuous in appearance, often a compensation
appeared in the odor which rendered them attractive to certain
insects. The so-called carrion flowers, pollinated by flies, are
examples, the odor in this case being like decayed flesh.  Other
flowers open at night, are white, and provided with a powerful
scent. Thus they attract night-flving moths and other insects.

Other Examples of Mutual Aid between Flowers and Insects. —
Many other examples of adaptations to secure eross-pollmation
by means of the visits of insects might be given. The mountain
laurel, which makes our hillsides so beautiful in late spring, shows
a remarkable adaptation in having the anthers of the stamens
caught in little pockets of the corolla. The weight of the visiting
insect on the corolla releases the anther from the pocket in which
it rests so that it springs up, dusting the body of the visitor with
pollen.

In some flowers, as shown by the primroses or primula of our
hothouses, the stamens and pistils are of different lengths in different
flowers. Short styles and long or high-placed filaments are found
in one flower, and long styles with short or low-placed filaments
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in the other.

Pollination will be effected only when some of the

pollen from a low-placed anther reaches the stigma of a short-
styled flower, or when the pollen from a high anther is placed upon

The condition of stamens and pistils on the spiked

loosestrife (Lythrum salicaria).

a  long-styled  pistil.
There are, as in the
case of the loosestrife,
flowers having pistils
and stamens of three
lengths.  Pollen only
grows on pistils of the
same length as the
stamens from which it

sz came.

The milkweed or
butterfly weed already

mentioned is another example of a flower adapted to insect pol-

lination.!

A very remarkable instance of insect help is found in the polli-

nation of the yuceca, a semitropical lily
which lives in deserts (to be seen in
most botanie gardens). In this flower
the stigmatic surface is above the
anther, and the pollen is sticky and
cannot be transferred except by insect

aid.  This 1s accomplished in a re-
markable manner. A little moth,

alled  the  pronuba, after gathering
pollen from an anther, deposits an egg
in the ovary of the pistil, and then
rubs its load of pollen over the stigma
of the flower. The young hatch out

The pronuba moth within the

yueea flower.

and feed on the young seeds which have grown because of the

pollen placed on the stigma by the mother.

The baby cater-

! For an excellent account of eross-pollination of this flower, the reader is re-

ferred to W. C. Stevens, Introduction to Botany.
ists as showing some very wonderful adaptations.
On the Fertilization of Orchids.

Orchids are well known to botan-
A classic easily read is Darwin,
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Pod of yucca showing
where the young pro-
nubas escaped.

the gallflies it has

ripening.

pillars eat some of the devel-
oping seeds and later bore
out of the seed pod and
escape to the ground, leav-
ing the plant to develop
the remaining seeds without
further molestation.

The fig inzect ( Blastophaga
grossorum) is another mem-
ber of the insect tribe that
is of considerable economic
importance. It is only in
recent years that the fruit
growers of California have

The pronuba polli-
nating the pistil
of the yucea.

discovered that the fertilization of the female

flowers is brought about by
bores into the young fruit.

a gallfly which
By importing

been possible to grow figs where for many
years it was believed that the climate prevented figs from

Other Flower Visitors. — Other insects besides those already

mentioned are pollen carriers for flowers.

ful are moths and butterflies. Projecting from ¢
head of a butterfly is a fluffy structure, the palp.

and carries a large amount
of pollen, which is deposited
upon the stigmas of other
flowers when the butterfly
pushes its head down into
the flower tube after nectar.
The scales and hairs on the
wings, legs, and body also

carry pollen.

Flies and some other in-

sects are agents

in  cross-
pollination. Humming birds

Among the most use-

ach side of the
This colleets

R . A humming bird about to cross-pollinate
are also active agents 1n a lily.
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some flowers. Snails are said in rare instances to carry pollen.
Man and the domesticated animals  undoubtedly {requently
pollinate flowers by brushing past them through the fields.
Pollination by the Wind. — Not all flowers are dependent upon
insects or other animals for eross-pollination. Many of the earliest
of spring flowers appear almost before the insects do.  Such flowers
are dependent upon the wind for carrying pollen from the stamens

A cornficld showiag staminat» and pistillat: flowers, the Jatter having become
orains of corn.  An ear of corn is a bunch of ripened fruits.

of one flower to the pistil of another. Nlost of our common trees,
oak, poplar, maple, and others, are cross-pollinated almost en-
tirely by the wind.

Flowers pollinated by the wind are generally inconspicuous
and often lack a corolla. The anthers are exposed to the wind
and provided with much pollen, while the surface of the stigma
may be long and feathery. Such flowers may also lack odor, nectar.
and bright color. Can you tell why?

Imperfect Flowers. — Some flowers, the wind-pollinated ones
in particular, are imperfeet; that is, they lack either stamens
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or pistils. Again, in some cases, imperfect flowers having stamens
only are alone found on one plant, while those flowers having
pistils only are found on another plant of the same kind. In such
flowers, cross-pollination must of necessity follow. Many of our
common trees are examples. '

Other Cases. — The stamens and pistil ripen at different times
in some flowers. The “ Lady Washington” geranium, a common

The flower of ‘‘ Lady Washington” geranium, in which stamens and pistil ripen
at different times, thus insuring cross-pollination. A, flower with ripe
stamens; B, flower with stamens withered and ripe pistil.

house plant, shows this condition. Here also eross-pollination must
take place if seeds are to be formed.

Summary. — If we now collect our observations upon flowers
with a view to making a summary of the different deviees flowers
have assumed to prevent self-pollination and to secure cross-
pollination, we find that they are as follows:—

(1) The stamens and pistils may be found in separate flowers,
either on the same or on different plants.

(2) The stamens may produce pollen before the pistil is ready to
receive 1t, or vice versa.

(3) The stamens and pistils may be so placed with reference to each
other that pollination can be brought about only by outside assistance.
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Artificial Cross-pollination and its Practical Benefits to Man. —
Artificial cross-pollination is practiced by plant breeders and can
asily be tried in the laboratory or at home. First the anthers
must be carefully removed from the bud of the flower so as to elim-
inate all possibility of self-pollination. The flower must then be
covered so as to prevent access of pollen from without; when the
ovary is sufficiently developed, pollen from another flower, having
the characters desired, is placed on the stigma and the flower
again covered to prevent any other pollen reaching the flower.
The seeds from this flower when planted may give rise to plants
with the best characters of each of the plants which contributed
to the making of the seeds.
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IV. THE FUNCTIONS AND COMPOSITION OF LIVING
THINGS

Problems.— To discover the functions of living matter.
(@ In a living plant.
b)) In a living animal.

LABORATORY SUGGESTIONS

Laboratory study of a living plant.— Any whole plant may be used ; a
weed is preferable.

Laboratory demonstration or home study.—The funefions of a living
animal.

Demonstration. — The growth of pollen tubes.

Loboratory exercise.— The growth of the mature ovary into the fruit,
e.g. bean or pea pod.

A Living Plant and a Living Animal Compared. — A walk into
the fields or any vacant lot on a day in the early fall will give us
first-hand acquaintance with many common plants which, be-
cause of their ability to grow under somewhat unfavorable condi-
tions, are called weeds. Such plants — the dandelion, butter and
eggs, the shepherd’s purse — are particularly well fitted by na-
ture to produce many of their kind, and by this means drive out
other plants which cannot do this so well. On these or other
plants we find feeding several kinds of animals, usually insects.

If we attempt to compare, for example, a grasshopper with the
plant on which it feeds, we see several points of likeness and dif-
ference at once. Both plant and insect are made up of parts,
each of which, as the stem of the plant or the leg of the insect,
appears to be distinct, but which is a part of the whole living plant
or animal. Each part of the living plant or animal which has a
separate work to do is called an organ. Thus plants and
animals are spoken of as living organisms.

47



48 FUNCTIONS OF LIVING THINGS

Functions of the Parts of a Plant. — We are all familiar with
the parts of a plant, — the root, stem, leaves, flowers, and fruit.
But we may not know so much about their uses to the plant.  Each
of these structures differs from every other
part, and each has a separate work or fune-
tion to perform for the plant. The root
holds the plant firmly in the ground and takes
in water and maneral maltter from the soil;
the stem holds the leaves up to the light and
acts as a pathway for fluids between the root
and leaves; the leaves, under certain condi-
tions, manufacture food for the plant and
breathe; the flowers form the fruits; the fruits
hold the seeds, whieh in turn hold young
plants which are capable of reprodueing adult
plants of the same Lind.

The Functions of an Animal. — As we
have already seen, the grasshopper has a
head, a jointed body composed of a middle
and a hind part, three pairs of jointed legs,
and two pairs of wings.  Obviously, the
wings and legs are used for movement; a
A weed —notice the un-  eapreful watehing of the hind part of the

T eyt anent. animal shows us that breathing movements
are taking place: a bit of grass placed before it may be eaten,
the tiny black jaws biting little pieces out of the grass. If
disturbed, the insect hops away, and if we try to get it, it jumps
or flies away, evidently seeing us before we ean grasp it.  Hundreds
of little grasshoppers on the grass indicate that the grasshopper
can reproduce its own kind, but in other respects the animal seems
quite unlike the plant. The animal moves, breathes, feeds, and
has sensation, while apparently the plant does none of these. It
will be the purpose of later chapters to prove that the functions
of plants and animals are in many respects similar and that both
plants and animals breathe, feed, and reproduce.

Organs. — If we look carefully at the organ of a plant called a
leaf, we find that the materials of whieh it is composed do not ap-
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pear to be everywhere the same.
The leaf is much thinner and
more delicate in some parts
than in others. Holding the
flat, expanded blade away from
the branch is a little stalk,
which extends into the blade of
the leaf. Here 1t splits up into
a network of tiny ¢ veins”
which evidently form a frame-
work for the flat blade some-
what as the sticks of a kite
hold the paper in place. If we
examine under the compound

' . . Seetion through the blade of a leaf. e,
microscope a thin section cut  cells of the upper surface; d, cells of the

across the lC&f, we shall find lower surfaee; ¢, air spaces in the leaf;

i v, vein in cross seetions; p, green cells.
that the veins as well as the

other parts are made up of many tiny boxlike units of various
sizes and shapes. These smallest units of building material of the
plant or animal disclosed by the
compound microscope are called
cells. The organs of a plant or
animal are built of these tiny
structures.

Tissues.! — The cells which
form certain parts of the veins,
the flat blade, or other portions

Several cells of Elodea, a water plant. y
chl., ehlorophyll bodies; c.s., cell sap; of the plant, are often found in

c.w., cell wall; n., nucleus; p. proto- ot .
, ; 3 S 1 S -
plasm. The arrows show the diree- SHOUDERGE collection ! the cells

tion of the protoplasmic movement. of which are more or less alike

1 Ty the Teacher. — Any simple plant or animal tissue can be used to demon-
strate the cell. Epidermal eells may be stripped from the body of the frog or
obtained by scraping the inside of one’s mouth. The thin skin from an onion
stained with tincture of iodine shows well, as do thin sections of a young stem, as
the bean or pea. One of the best places to study a tissne and the cells of which
it is composed is in the leaf of a green water plant, Elodca. In this plant the eells
arc large, and not only their outline, but the movement of the living matter within
the cells, may easily be seen, and the parts deseribed in the next paragraph can
be demonstrated.

HUNTER, CIV. Bl.—4



50 FUNCTIONS OF LIVING THINGS

in size and shape. Such a collection of cells is called a tissue.
Examples of tissues are the cells covering the outside of the human
body, the muscle cells, which collectively allow of movement, bony
tissues which form the framework to which the muscles are at-
tached, and many others.

Cells. — A cell may be defined as a tiny mass of living matter
containing «a nueleus, either lLiving alone or forming a unit of
the building material of a living thing. The
living matter of which all cells are formed is
known as protoplasm (formed from two Greek
words meaning first form). If we examine
under a compound microscope a small bit of
the water plant Elodea, we see a number of
structures resembling bricks in a wall.  Each

“brick,” however, is really a plant cell
= \(‘)Sﬂs :.]:l’,'. ‘ p‘()ll’lr:“:ff bounded by a thin wall.  If we look carefully,
n.,nucleus; p., proto- we can see that the material inside of this wall

g is slowly moving and is carrying around in its
substance a number of little green bodies. This moving substance
is living matter, the protoplasm of the cell. The green bodies
(the chlorophyll bodies) we shall learn more about later; they are
found only in plant cells. All plant and animal cells appear
to be alike in the fact that every living cell possesses a structure
known as the nucleus (pl. nucler), which is found within the body
of the cell. This nuecleus is not easy to find in the cells of FElodea.
Within the nucleus of all cells are found certain bodies ecalled
chromosomes. These chromosomes in a given plant or animal are
always constant in number. These chromosomes are supposed to
be the bearers of the qualities which we believe can be handed
down from plant to plant and from animal to animal, in other
words, the inheritable qualities which make the offspring like its
parents.

How Cells form Others. — ('ells grow to a certain size and then
split into two new cells.  In this process, which is of very great
importance in the growth of both plants and animals, the nuecleus
divides first. The chromosomes also divide, each splitting length-
wise and the parts going in equal numbers to each of the two cells
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formed from the old cell. In this way the matter in the chromosomes
is divided equally between the two new cells.  Then the rest of
the protoplasm separates, and two new cells are formed. This
process is known as fis-
ston. It 1s the usual

method of growth found ; ‘5\;:‘_\ / 4@

in the tissues of plants . o e

and animals. e NS
Cells of Various Sizes > .

and Shapes. — Plant = -
cells and animal cells are \

: [-—asie ) CaEe o
of very diverse shapes \ = e / (\ o | /
and sizes.  There are \\‘\/\,/ i
cells so large that they > 3 v
can OﬁSﬂy be seen with Stages in the division of one cell to form two.
the winided eye; for  Shhpartgithe il it
example, the root hairs
of plants and eggs of some animals. On the other hand, cells
may be so minute, as in the case of the plant cells named bacteria,
that several million might be present in a few drops of milk. The
forms of cells may be extremely varied in different tissues; they
may assume the form of cubes, columns, spheres, flat plates, or
may be extremely irregular in shape. One kind of tissue cell,
found in man, has a body so small as to be quite invisible to the
naked eye, although it has a prolongation several feet m length.
Such are some of the cells of the nervous system of man and other
large animals, as the ox, elephant, and whale.

Varying Sizes of Living Things. — Plant cells and animal cells
may live alone, or they may form collections of cells. Some
plants are so simple in structure as to be formed of only one kind
of cells. Usually living organisis are composed of several groups
of different kinds of cells. It is only necessary to call attention
to the fact that such collections of cells may form organisms so
tiny as to be barely visible to the eye; as, for instance, some of the
small flowerless plants or many of the tiny animals living in fresh
water or salt water. On the other hand, among animals, the bulk
of the elephant and whale, and among plants the big trees of Cali-
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fornia, stand out as notable examples. The large plants and ani-
mals are made up of more, not necessarily larger, cells.

What Protoplasm can Do. — It responds to influences or stimu-
lation from without its own substance. Both plants and animals
are sensitive to touch or stimulation by light, heat or cold, certain
chemical substances, gravity, and electricity. Green plants turn
toward the source of light. Some animals are attracted to light
and others repelled by it; the earthworm is an example of the
latter. Protoplasm is thus said to be irritable.

Protoplasm has the power to contract and to move. MNuscular
movement is a familiar instance of this power. Movement
may also take place in plants. Some plants fold up their leaves
at night ; others, like the sensitive plant, fold their leaflets when
touched.

Protoplasm can form new lLiving matter out of food. To do this,
food materials must be absorbed into the cells of the living
organism. To make protoplasm, it is evident that the same chem-
ical elements must enter into the composition of the food sub-
stances as are found in living matter. The simplest plants and
animals have this wonderful power as certainly developed as the
most complex forms of life.

Protoplasm, be 1t in plant or animal, breathes and throws off waste
materials.  When a living thing does work oxygen unites with food
in the body; the food is burned or oxidized and work is done by
means of the energy released from the food. The waste materials
are excreted or passed out. Plants and animals alike pass off the
carbon dioxide which results from the oxidation of food and of
parts of their own bodies. Animals eliminate wastes containing
nitrogen through the skin and the kidneys.

Protoplasm can reproduce, that is, form other matter lLike itself.
New plants are constantly appearing to take the places of those
that die. The supply of living things upon the earth is not de-
creasing ; reproduction is constantly taking place. In a general
way it is possible to say that plants and animals reproduce in a
very similar manner.

The Importance of Reproduction. — Reproduction is the final
process that plants and animals are called upon to perform.
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Without the formation of new living things no progress would be
possible on the earth.  We have found that insects help lowering
plants in this process. Let us now see exactly what happens
when pollen is placed by the bee on the stigma of another flower
of the same kind. To understand this process of reproduection in
flowers, we must first study carefully pollen grains from the anther
of some growing flower.

Pollen. — Pollen grains of various flowers, when seen under the
microscope, differ greatly in form and appearance. Some are rela-
tively large, some small, some rough, others smooth, some spherical,

MeShe.

Pollen grains of different shapes and sizes.

and others angular. They all agree, however, in having a thick
wall, with a thin membrane under it, the whole inclosing a mass
of protoplasm. At an early stage the pollen grain contains but a
single cell. A little later, however, two nuclei may be found in the
protoplasm. Hence we know that at least two cells exist there, one
of which is called the sperm cell ; its nucleus is the sperm nueleus.

Growth of Pollen Grains. — Under certain conditions a pollen
grain will grow or germinate. This
growth can be artificially produced in
the laboratory by sprinkling pollen
from well-opened flowers of sweet pea
or nasturtium on a solution of 15
parts of sugar to 100 of water. Left
for a few hours in a warm and moist
place and then examined under the
microscope, the grains of pollen will
be found to have germinated, a.long,
threadlike mass of protoplasm grow-

A pollen grain greatly magnified.
. o ) Two nuclei are found (n, n’) at
ing from it into the sugar solution.  this stage of its growth.



Three stages in the germination of the pollen

grain. Th> nueclei in the tube in (3) are
the sperm nuclet.  Drawn under the com-
pound microseope.
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The presence of this sugar
solution was sufficient to
induce growth. When the
pollen grain  germinates,
the nuelel enter the thread-
like growth (this growth is
called the pollen tube; see
Figure). One of the nuclei
which grows into the pollen
tube 1s known as the sperm
nucleus.

Fertilization of the
Flower. — If we cut the
pistil of a large flower (as a

lilv) lengthwise, we notice that the styvle appears to be composed
b o

of rather spongy material in the in-
terior ; the ovary is hollow and is
seen to contain a number of rounded
structures which appear to grow out
from the wall of the ovary. These
are the ovules. The ovules, under
certain conditions, will become seeds.
An explanation of these conditions
may be had if we examine, under
the microscope, a very thin seetion
of a pistil, on which pollen has be-
gun to germinate. The central part
of the style is found to be either
hollow or composed of a soft tissue
through which the pollen tube can
asily  grow.  Upon  germination,
the pollen tube grows downward
through the sponey center of the
style, follows the path of least resist-
ance to the space within the ovary,
and there enters the ovule. It 1s
believed that some chemical influ-

Fertilization of the ovule. A flowcr
cut down lengthwise (only one
side shown). The pollen tube is
seen entering the ovule. a, an-
ther; f, filament ; pg, pollen grain;
s, stigmatie surface pt, pollen;
tube; st, style; o, ovary ; m, miero-
pvle; sp, space within ovary;
e, egg cell; P, petal; S, sepal.
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ence thus attracts the pollen tube. When it reaches the ovary,
the sperm cell penetrates an ovule by making its way through a
little hole called the micropyle. 1t then grows toward a clear
bit of protoplasm known as the embryo sac. The embryo sac is
an ovoid space, microscopic in size, filled with semifluid protoplasm
containing several nuclei. (See Figure.) One of the nuclet, with
the protoplasm immediately surrounding 1t, is called the eqq cell. 1t
is this cell that the sperm nucleus of the pollen tube grows to-
ward ; ultimately the sperm nucleus reaches the egg nuecleus and
unites with it.  The two nucler, after coming together, unite to form
a single cell. This process 1s Inown as fertilization. This single
cell formed by the union of the pollen tube cell or sperm and the
egg cell is now called a fertilized eqyq.

Development of Ovule into Seed. — The primary reason for
the existence of a flower is that it may produce seeds from which future
plants will grow. After fertilization the ovule grows into a seed.
The first beginning of the growth of the seed takes place at the
moment of fertilization. From that time on there is a growth
of the fertilized egg within the ovule which makes a baby plant
called the embryo. The embryo will give rise to the adult plant.

A Typical Fruit, — the Pea or Bean Pod. —
If a withered flower of any one of the pea or
bean family is examined carefully, it will be
found that the pistil of the flower continues to
grow after the rest of the flower withers. If
we remove the pistil from such a flower and
examine it carefully, we find that it is the
ovary that has enlarged. The space within
the ovary has become nearly filled with a
number of nearly ovoid bodies, attached
along one edge of the inner wall. These we
recognize as the young seceds.

The pod of a bean, pea, or locust illustrates
well the growth from the flower.  The pod, it Gl he ] oeuSe,
which is in reality a ripened ovary with other  a bean-like fruit.
parts of the pistil attached to it, is considered I the; AbiNqtigart

) to the placenta; s,
as a fruit. By definition, a fruit is a ripened  the stigma.
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ovary and its contents together with any parts of the flower that may
be attached to 1t. The chief use of the fruit to the flower is to
hold and to protect the seeds; it may ultimately distribute them
where they can reproduce young plants.

The Necessity of Fruit and Seed Dispersal to a Plant. — We
have seen that the chief reason for flowers, from the plant’s stand-
point, is to produce fruits which contain seeds. Reproduction
and the ultimate scattering of fruits and seeds are absolutely neces-

The development of an apple. Notice that in this fruit additional parts besides
the ovary (o) become part of the fruit. Certain outer parts of the flower, the
sepals (s) and receptacle, become the fleshy part of the fruit, while the ovary
becomes the core. Stages numbered 1 to 7 are in the order of development.

sary in order that colonies of plants may reach new localities. It
1s evident that plants best fitted to scatter their seeds, or place
fruits containing the seeds some little distance from the parent
plants, are the ones which will spread most rapidly. A plant, if
it is to advance into new territory, must get its seeds there first.
Plants which are best fitted to do this are the most widely dis-
tributed on the earth.

How Seeds and Fruits are Scattered. — Seed dispersal is accom-
plished in many different ways. Some plants produce enormous
numbers of seeds which may or may not have special devices to
aid in their scattering. Most weeds are thus started ““ in pastures
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new.” Some prolific plants, like the milkweed, have seeds with a
little tuft of hairlike down which allows them to be carried by the
wind. Others, as the omnipresent dandelion, have their fruits
provided with a similar structure, the pappus. Some plants, as
the burdock and clotbur, have fruits provided with tiny hooks
which stick to the hair of animals, thus proving a means of trans-
portation. Most fleshy fruits contain indigestible seeds, so that
when the fruits are eaten by animals the seeds are passed off from
the body unharmed and may, if favorably placed, grow. Nuts of
various kinds are often carried off by animals, buried, and for-
gotten, to grow later. Such are a few of the ways in which seeds
are scattered. All other things being equal, the plants best
equipped to scatter seeds or fruits are those which will drive out
other plants in a given locality. Because of their adaptations
they are likely to be very numerous, and when unfavorable con-
ditions come, for that reason, if for no other, are likely to survive.
Such plants are best exemplified in the weeds of the grassplots
and gardens.
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V. PLANT GROWTH AND NUTRITION. CAUSES OF
GROWTH

Problem. — What cawses a yound plant to row?

() The relation of the young plant toits fooc supply.

(h) The owtside conditions necessary for Sermvination.

(e) What the young plant does with its food swpply.

() How a plant or aninval is able to wse its food supply.

(e) How a plant or animal prepares food to wse in variows
parts of the body.

LLABORATORY SUGGESTIONS

Laboratory exercise.— Examination of bean in pod. Examination and
identification of parts of bean seed.

Laboratory demonstration. — Tests for the nutrients: starch, fats or
oils, protein.

Laboratory demonstration. — Proof that such foods exist in bean.

Home work. — Test of various common foods for nutrients. Tabulate
results.

Extra home work by selecled pupils. — Factors necessary for germina-
tion of bean. Demonstration of experiments to class.

Demonstration. — Oxidation of candle in closed jar. Test with lime
water for produets of oxidation.

Demonstration. — Proof that materials are oxidized within the human
bhody.

Demonstration. — Oxidation takes place in growing seeds. Test for
oxidation products. Oxygen necessary for germination.

Laboratory exercise. — Kxamination of corn on cob, the corn grain,

longitudinal sections of corn grain stained with iodine to show that embryo
is distinet from food supply.

Demonstration. — Test for grape sugar.
Demonsiration. — Grape sugar present in growing corn erain.
Demonstration. — The action of diastase on starch.  Conditions neces-

sary for action of diastase.

What makes a Seed Grow. — The general problem of the pages
that follow will be to explain how the baby plant, or embryo,
58
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formed in the seed as the result of the fertilization of the egg cell,
is able to grow into an adult plant. Two sets of factors are neces-
sary for its growth : first, the presence of food to give the young
plant a start; second, certain stimulating factors outside the young
plant, such as water and heat.

If we open a bean pod, we find the seeds lying along one edge of
the pod, each attached by a little stalk to the inner wall of the
ovary. If we pull a single bean from its attachment, we find that
the stalk leaves a scar on the
coat of the bean; this scar is
called the hilum. The tiny
hole near the hilum is called
the micropyle. Turn back to
the figure (page 54) showing
the ovule in the ovary. Find
there the little hole through
which the pollen tube reached
the embryo sac. This hole is
identical with the micropyle
in the seed. The thick outer
coat (the testa) is easily re-
moved from a soaked bean,
the delicate coat under it
easily escaping notice. The
seed separates into two parts; Three views of a kidney bean, the lower

one having one cotyledon removed to
these are called the COtle’(IONS. show the hypocotyl and plumule.
If you pull apart the coty-
ledons very carefully, you find certain other structures between
them. The rodlike part is called the hypocotyl (meaning wunder
the cotyledons). This will later form the root (and part of the
stem) of the young bean plant. The first true leaves, very tiny
structures, are folded together between the cotyledons. That
part of the plant above the cotyledons is known as the plumule
or epicotyl (meaning above the cotyledons). All the parts of the
seed within the seed coats together form the embryo or young
plant. A bean seed contains, then, a tiny plant protected by a
tough coat.
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Food in the Cotyledons. — The problem now before us is to find
out how the embryo of the bean is adapted to grow into an adult
plant.  Upb to this stage of its existence it has had the advantage
of food and protection from the parent plant. Now it must begin
the battle of life alone.  We shall find in all our work with plants
and animals that the problem of food supply is always the most
important problem to be solved by the growing organism. Let
us see if the embryo is able to get a start in life (which many
animals get in the egg) from food provided for it within its own
hody.

Organic Nutrients. — Organic foods (those which come from
living sources) are made up of two kinds of substances, the nutri-
ents or food substances and wastes or refuse.  An egg, for example,
contains the white and the yolk, composed of nutrients, and the
shell, which is waste. The organic nutrients are classed in three
groups.

Carbohydrates, foods which contain carbon, hydrogen, and
oxygen in a certain fixed proportion (CeHyO; is an example).
They are the simplest of these very complex chemical compounds
we call organic nutrients. Starch and sugar
are common examples of carbohydrates.

Fats and Oils.— These foods are also com-
posed of carbon, hydrogen, and oxygen in a
proportion which enables them to unite
readily with oxygen.

Proteins. — A third group of organie foods,
Starch grains in the cells  proteins, are the most complex of all in

of a potato tuber. . . .

their composition, and have, besides carbon,
oxygen, and hydrogen, the element nitrogen and minute quantities
of other elements.

Test for Starch. — If we boil water with a piece of laundry starch
in a test tube, then cool it and add to the mixture two or three
drops of iodine solution,! we find that the mixture in the test tube

1 Jodine solution is made by simply adding a few erystals of the element iodine
to 95 per cent aleohol; or, better, take by weight 1 gram of iodine erystals, 2 gram
of iodide of potassium, and dilute to a dark brown color in weak aleohol (35 per
cent) or distilled water.




PLANT GROWTH AND NUTRITION 61

turns purple or deep blue. It has been discovered by experiment
that starch, and no other known substance, will be turned purple or

dark blue by iodine. Therefore, iodine
solution has come to be used as a test
for the presence of starch.

Starch in the Bean. — If we mash
up a little piece of a bean cotyledon
which has been previously soaked in
water, and test for starch with iodine
solution, the characteristic blue-black
color appears, showing the presence of
the starch. If a little of the stained
material is mounted in water on a glass
slide under the compound microscope,
you will find that the starch is in the

—)

Test for starch.

form of little ovoid bodies called starch grains. The starch grains
and other food products are made use of by the growing plant.

€ W
4

Test for protein.

Test for Oils. — If the substance
believed to contain oil is rubbed on
brown paper or is placed on paper and
then heated in an oven, the presence
of oil will be known by a translucent
spot on the paper.

Protein in the Bean.— Another
nutrient present in the bean cotyledon
1s protein. Several tests are used to
detect the presence of this nutrient.
The following is one of the best
known : —

Place in a test tube the substance
to be tested; for example, a bit of
hard-boiled egg. Pour over it a little
strong (60 per cent) nitrie acid and heat
gently. Note the color that appears

—a lemon yellow. If the egg is washed in water and a little
ammonium hydrate added, the color changes to a deep orange,
showing that a protein is present.
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If the protein is in a liquid state, its presence may be proved
by heating, for when it coagulates or thickens, as does the white
of an egg when boiled, protein in the form of an albumin is present.

Another characteristic protein test easily made at home is
burning the substance. If it burns with the odor of burning feath-
ers or leather, then protein forms part of its composition.!

A test of the cotyledon of a bean for protein food with nitrie
acid and ammonium hydrate shows us the presence of this food.
Beans are found by actual test to contain about 23 per cent of
protein, 59 per cent of carbohydrates, and about 2 per cent oils.
The young plant within a pea or bean is thus shown to be well
supplied with nourishment until it is able to take care of itself.
In this respect it is somewhat like a young animal within the egg,
a bird or fish, for example.

Beans and Peas as Food for Man. — So much food is stored in
legumes (as beans and peas) that man has come to consider them
a very valuable and cheap source of food. Study carefully the
following table : —

NuTRIENTS FURNISHED FOR TeEN CENTs IN BrEans axp Pgeas ar
CErTAIN PrICES PER Pounxp

Te~x CENTS WILL PAY FOR —

PRICES
Foop MATERIALS AS PURCHASED PER Total |
Pounp 5 Carbo-
‘ Food

Material

Cents Pounds | Pounds | Pounds | Pounds

Proteid Fat | hydrates

Kidney beans, dried . . . . . 5 | 2.00 0.45 0.04 1.19
Lima beans, fresh, shelled . . . 8 1.25 04 | — 12
Lima beans, dried . . . . . 5’ 6 | 1.67 .30 .03 | 1.10
String beans, fresh, 30 cents per | |

peck L cmn e T D) 22 .07 .01 2D
Beans, baked, canned - K- ’ o) 2.00 14 .05 .39
Lentils, dried . . . . . . . 10 1.00 26 .01 .59
Peas, green, in pod, 30 cents per | |

PEER o 646 of o o & Mo o 3 e A2 .01 .33
Peas, dried . . . . . . . . 4 2.50 .62 .03 1.55

1 Other tests somewhat more reliable, but muech more delicate, are the biuret
test and test with Millon's reagent.




PLANT GROWTH AND NUTRITION 63
Germination of the Bean. — If dry seeds are planted in sawdust

or carth, they will not grow.

A moderate supply of water must be

A series of early stages in the germination of the kidney bean.

given to them.

If seeds were to be kept in a freezing tempera-

ture or at a very high temperature, no growth would take place.

A moderate temperature and
a moderate water supply are
most favorable for their de-
velopment.

If some beans were planted
so that we might make a record
of their growth, we would find
the first signs of germination
to be the breaking of the testa
and the pushing outward of
the hypocotyl to form the first
root. A little later the hypo-
cotyl begins to curve down-
ward. A later stage shows
the hypocotyl lifting the coty-
ledon upward. In consequence
the hypocotyl forms an arch,
dragging after it the bulky
cotyledons. The stem, as
soon as it is released from the

e

Bean seedlings.
the left have used up all of the food
supply in the cotyledons.

The older seedlings at
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ground, straightens out. From between the cotyledons the bud-
like plumule or epicotyl grows upward, forming the first true
leaves and all of the stem above the cotyledons. As growth con-
tinues, we notice that the cotyledons become smaller and smaller,
until their food contents are completely absorbed into the young
plant. The young plant is now able to care for itself and may
be said to have passed through the stages of germination.

What makes an Engine Go. — If we examine the sawdust or
soil in which the seeds are growing, we find it forced up by the
growing seed. Evidently work was done; in other words, energy
was released by the seeds. A familiar example of release of
energy is seen in an engine. Coal is placed in the firebox and
lighted, the lower door of the furnace is then opened so as to make
a draft of air which will reach the coal. You know the result.
The coal burns, heat is given off, causing the water in the boiler
to make steam, the engine wheels to turn,
and work to be done. Let us see what
happens from the chemical standpoint.

Coal, Organic Matter. — Coal is made
largely from dead plants, long since pressed
into its present hard form. It contains a
large amount of a chemical element called
carbon, the presence of which is character-
istic of all organic material.

Oxidation, its Results. — When things con-
taining carbon are lighted, they burn. If we
place a lighted candle which contains carbon
in a closed glass jar, the candle soon goes out.
The limewater test. The LI W€ then carefully test the air in the jar

tube at the right shows with a substance known as limewater,! the

:l?sxfgsd of the carbon 1. ttor  when shaken up with the air in the

jar, turns milky. This test proves the pres-
ence in the jar of a gas, known as carbon dioxide. This gas is
formed by the carbon of the ecandle uniting with the oxygen in

1 Limewater can be made by shaking up a piece of quicklime the size of your
fist in about two quarts of water. Filter or strain the limewater into bottles and
it is ready for use. )
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the air. When the oxygen of the air in the jar was used up,
the flame went out, showing that oxygen is necessary to make a
thing burn. This uniting of
oxygen with some other sub-
stance is called oxidation.

Oxidation possible without a
Flame. — But a flame is not
necessary for oxidation. Irom,
if left in a damp place, becomes
rusty. A union between the
oxygen in the water or air and
the iron makes what 1s known Diagram to show that when a piece of

. . o 1o wood is burned it forms water and
as iron oxide or rust. This IS, hon dioxide.
an example of slow oxidation.

Oxidation in our Bodies. — If we expel the air from our lungs
through a tube into a bottle of limewater, we notice the lime-
water becomes milky. Kvidently carbon dioxide is formed in our
own bodies and oxidation takes place there. Is it fair to believe
that the heat of our body (for example, 98.6° Fahrenheit under the
tongue) is due to oxidation within the body, and that the work
we do results from this chemical process. If so, what is oxidized ?

Energy comes from Foods. — From the foregoing experiment
it is evident that food is oxidized within the human body to re-
lease energy for our daily work. Is it not logical to supposethat
all living things, both plant and animal, release energy as the re-
sult of oxidation of foods within their cells ? Let us see if this is
true in the case of the pea.

Food oxidized in Germinating Seeds. —If we take equal
numbers of soaked peas, placed in two bottles, one tightly stop-
pered, the other having no stopper, both bottles being exposed to
identical conditions of light, temperature, and moisture, we find
that the seeds in both bottles start to germinate, but that those
in the closed bottle soon stop, while those in the open jar continue
to grow almost as well as similar seeds placed in an open dish would.

Why did not the seeds in the covered jar germinate? To
answer this question, let us carefully remove the stopper from the

stoppered jar and insert a lighted candle. The candle goes out
HUNTER, CIV. BI. —
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at once. The surer test of limewater shows the presence of car-
bon dioxide in the jar. The carbon of the foodstuffs of the pea
united with the oxygen
of the air, forming car-
bon dioxide. Growth
stopped as soon as the
oxygen was exhausted.
The presence of carbon
dioxide in the jar is an
indication that a very
important process which
we associate with animals
rather than plants, that
of respiration, is taking
place. Theseed, in order
to release the energy
locked up in its food
supply, must have oxy-
gen, so that the oxida-
tion of the food may take
place.  Hence a censtant supply of fresh air is an important factor
in germination. It 1s important that air should penetrate between
the grains of soil around a seed. The frequent stirring of the soil
enables the air to reach the seed. Air also acts
upon some materials in the soil and puts them
in a form that the germinating seed can use.
This necessity for oxygen shows us at least
one reason why the farmer plows and harrows
a field and one important use of the earthworm.
Explain.

Structure of a Grain of Corn. — KExamination A sgrain of corn

" . . cut lengthwise,

of a well-soaked grain of corn discloses a difference G aoogkaln
in the two flat sides of the grain. A light-colored ?I (1111:11?;?(;?;
area found on one surface marks the position of  p jlumule.
the embryo; the rest of the grain contains the
food supply. The interesting thing to remember here is that the
food supply is outside of the embryo.

Experiment that shows the necessity for air in
germination.
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A grain cut lengthwise perpendicular to the flat side and then
dipped in weak iodine shows two distinet parts, an area containing

considerable starch, the endosperm, and the

plant. Careful inspection shows the hypo-
cotyl and plumule (the latter pointing toward
the free end of the grain) and a part surround-
ing them, the single cotyledon (see Figure).
Here again we have an example of a fitting
for future needs, for in this fruit the one seed
has at hand all the food material necessary
for rapid growth, although the food is here
outside the embryo.

Endosperm the Food Supply of Corn. —
We find that the one cotyledon of the corn
grain does not serve the same purpose to
the young plant as do the two cotyledons of
the bean. Although we find a little starch
in the corn cotyledon, still it is evident from
our tests that the endosperm is the chief source
of food supply. The study of a thin section
of the corn grain under the compound micro-
scope shows us that the starch grains in the
endosperm are large and regular in size.
When the grain has begun to grow, examina-
tion shows that the starch grains near the
edge of the cotyledon are much smaller and
quite irregular, having large holes in them.
We know that the germinating grain has a
much sweeter taste than that which is not
growing. This is noticed in sprouting barley
or malt. We shall later find that, in order
to make use of starchy food, a plant or animal
must in some manner change it over to sugar.
This change is necessary, because starch will

embryo or young

Longitudinal section of
young ear of corn.
O, the fruits; S, the
stigmas ;  SH, the
sheath-like leaves :
ST, the flower stalk.
(After Sargent.)

not dissolve in water, while sugar will; in this form substances
can pass from cell to cell in the plant and thus distribute the food

where it is needed.
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A Test for Grape Sugar. — Place in a test tube the substance to
be tested and heat it in a little water so as to dissolve the sugar.
Add to the fluid twice its bulk of
Fehling’s solution,® which has been
previously prepared. Heat the mix-
ture, which should now have a blue
color, in the test tube. If grape sugar
is present in considerable quantity, the
contents of the tube will turn first a
greenish, then yellow, and finally a
brick-red color. Smaller amounts will
show less decided red. No other sub-
stance than sugar will give this reac-
tion. If Benedict’s test! is used, a
colored precipitate will appear in the
test tube after boiling.

Starch changed to Grape Sugar in
the Corn. — That starch 1is being
changed to grape sugar in the germi-
nating corn grain can easily be shown if we cut lengthwise through
the embryos of half a dozen grains of corn that have just begun
to germinate, place them in a test tube with some Fehling’s solu-
tion, and heat almost to the boiling point. They will be found
to give a reaction showing the presence of sugar along the edge
of the cotyledon and between it and the endosperm.

Digestion. — This change of starch to grape sugar in the corn
is a process of digestion. If you chew a bit of unsweetened cracker
in the mouth for a little time, it will begin to taste sweet, and if
the chewed ecracker, which we know contains starch, is tested
with Fehling’s solution, some of the starch will be found to have
changed to grape sugar. Here, again, a process of digestion has
taken place. In both the corn and in the mouth, the change is
brought about by the action of peculiar substances known as
digestive ferments, or enzymes. Such substances have the power
under certain conditions to change insoluble foods — solids — into

Test for grape sugar.

! Directions for making these solutions will be found in Hunter's Laboratory
Problems in Civie Biology.
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soluble substances — liquids. The result is that substances which
before digestion would not dissolve in water now will dissolve.

The Action of Diastase on Starch. — The enzyme found in the
cotyledon of the corn, which changes starch to grape sugar, is
called diastase. It may be separated from
the cotyledon and used in the form of a
powder.

To a little starch in half a cup of water
we add a very little (1 gram) of diastase
and put the vessel containing the mixture
in a warm place, where the temperature
will remain nearly constant at about 98°
Fahrenheit. On testing part of the con-
tents at the end of half an hour, and the
remainder the next morning, for starch and
for grape sugar, we find from the morning
test that the starch has been almost com-

. . s A g-rminating corn grain.
: : grape sugar. .
pletely changed to grape sugar. Starch O ootyledon: H. erow

and warm water alone under similar con-  ing root (hypocotyl); P,
ditions will not react to the test for grape  £rowing stem (phonulo) ;
S, endosperm; d.s., di-

sugar. gested starch; p.r., pri-
Digestion has the Same Purpose in Plants MY roots s, et

. . ary root; r.h., root hairs.
and Animals. — In our own bodies we

know that solid foods taken into the mouth are broken up by the
teeth and moistened by saliva. If we could follow that food, we
would find that eventually it became part of the blood. It was
made soluble by digestion, and in a liquid form was able to reach
the blood. Once a part of the body, the food is used either to
release energy or to build up the body.

Summary. — We have seen:

1. That seeds, in order to grow, must possess a food supply
either in or around their bodies.

2. That this food supply must be oxidized before energy is
released. :

3. That in cases where the food is not stored at the point
where it is to be oxidized the food must be digested so that it
may be transported from one part to another in the same plant.
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The life processes of plants and animals, so far, may be con-
sidered as alike; they both feed, breathe (oxidize their food), do
work, and grow.
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VI. THE ORGANS OF NUTRITION IN PLANTS — THE
SOIL AND ITS RELATION TO THE ROOTS

Problem.—What « plant takes from the soil and how it dets
it.

() What deterviines the direction of srowth of roots?

(b)  How is the root built?

(e)  How does aroot absorl water?

(1) What isin the soil that a root midht take out?

(e) Whyisnitroden necessary, and how is it obtained ?

LABORATORY SUGGESTIONS

Demonsiration. — Roots of bean or pea.

Demonstration or home ex periment. — Response of root to gravity and to
water. What part of root is most responsive ?

Laboratory work. — Root hairs, radish or corn, position on root, gross
strueture only. Drawing.

Demonstration. — Root hair under compound microscope.

Demonstration. Apparatus illustrating osmosis.

Demonstration or a home exrperiment. — Organie matter present in soil.

Demonstration. — Root tubercles of legume.

Demonstration. — Nutrients present in some roots.

Uses of the Root. — If one of the seedlings of the bean spoken of
in the last chapter is allowed to grow in sawdust and is given
light, air, and water, sooner or later it will die. Soil is part of
its natural environment, and the roots which come in contact with
the soil are very important. It is the purpose of this chapter to
find out just how the young plant is fitted to get what it needs
from this part of its environment ; namely, the soil.

The development of a bean seedling has shown us that the root
grows first.  One of the most important functions of the root to a youny
seed plant is that of a holdfast, an anchor to fasten it in the place where
it 1s to develop. Tt has many other uses, as the taking in of water
with the mineral and organic matter dissolved therein, the stor-

71
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A root system, showing primary
and secondary roots.

RELATION TO ROOTS

age of food, climbing, ete. All
functions other than the first one
stated arise after the young plant
has begun to develop.

Root System. — If you dig up a
young bean seedling and carefully
wash the dirt from the roots, you
will see that a long root is devel-
oped as a continuation of the hy-
pocotyl.  This root is called the
primary root. Other smaller roots
which grow from the primary root
are called secondary, or tertiary,
depending on their relation to the
first root developed.

Downward Growth of Root.
Influence of Gravity. — Most of

the roots examined take a more or less downward direction. We
are all familiar with the fact that the force we call gravity influences

life upon this earth to a great degree.
growing root? This question may be
answered by a simple experiment.

Plant mustard or radish seeds in a
pocket garden, place it on one edge
and allow the seeds to germinate until
the root has grown to a length of about
half an inch. Then turn it at right
angles to the first position and allow it
to remain for one day undisturbed.
The roots now will be found to have
turned in response to the change in
position, that part of the root near
the growing point being the most
sensitive to the change. This ex-
periment seems to indicate that the
roots are influenced to grow downward
by the force of gravity.

Does gravity act on the

Revolve this figure in the direc-
tion of the arrows to see if
the roots of the radish re-
spond to gravity.
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Experiments to determine the Influence of Moisture on a Grow-
ing Root. — The objection might well be interposed that possibly
the roots in the pocket garden! grew downward after water. That
moisture has an influence on the growing root is easily proved.

Plant bird seed, mustard or raeish seed in the underside of a
sponge, which should be kept wet, and may be suspended by a
string under a bell jar in the schoolroom window. Note whether
the roots leave the sponge to grow downward, or if the moisture
in the sponge is sufficient to counterbalance the force of gravity.

Water a Factor which determines the Course taken by Roots. —
Water, as well as the force of gravity, has much to do with the direction
taken by roots. Water is always found below the surface of the
ground, but sometimes at a great depth. Most trees, and all
grasses, have a greater area of surface exposed by the roots than
by the branches. The roots of alfalfa, a cloverlike plant used for
hay in the Western states, often penetrate the soil after water for
a distance of ten to twenty feet below the surface of the ground.

Fine Structure of a Root.? — When we examine a delicate root
in thin longitudinal section under the compound microscope,
we find the entire root to be made up of cells, the walls of which
are uniformly rather thin. Over the lower end of the root is
found a collection of cells, most of which are dead, loosely arranged
so as to form a cap over the growing tip. This is evidently an
adaptation which protects the young and actively growing cells
just under the root cap. Inthe body of the root a central cylinder
can easily be distinguished from the surrounding cells. In a
longitudinal section a series of tubelike structures may be found
within the central cylinder. These structures are cells which have
grown together at the small end, the long axis of the cells running

1 The Pocket Garden. — A very convenient form of pocket germinator may be
made as follows. Obtain two cleaned four by five negatives (window glass will
do) ; place one flat on the table and place on this half a dozen pieces of colored
blotting paper cut to a size a little less than the glass. Now cut four thin strips of
wood to fit on the glass just outside of the paper. Next moisten the blotter, place
on it some well-soaked radish, mustard seeds or barley grains, and cover with the
other glass. The whole box thus made should be bound together with bieycle tape.
Seeds will germinate in this box and with ecare may live for two weeks or more.

2 Sections of tradescantia roots are excellent for demonstration of these structures.
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the length of the main root. In their development the cells men-
tioned have grown together in such a manner as to lose their small
ends, and now form continuous

bundles.

Cross seetion of a young taproot; : X
a, a, root hairs; b, outer layer of lings of mustard, radish, or barley

bark; ¢, inner layer of bark;
d, wood or central eylinder.

hollow tubes with rather strong
walls.  Other cells have come to
develop greatly thickened walls;
these cells give mechanical sup-
port to the tubelike cells. Col-
lections of such tubes and sup-
porting woody cells together make
up what are known as fibrovascular

Root Hairs. — Careful examina-
tion of the root of one of the seed-

grown in the pocket germinator

shows a covering of tiny fuzzy
structures. These struetures are very minute, at most 3 to 4 milli-

meters in length. They vary in length
according to their position on the root,
the most and the longest root hairs
being found near the point marked
R. H. m the figure. These structures
are outgrowths of the outer layer of the
root (the epidermis), and are of very
great importance to the living plant.
Structure of a Root Hair. — A single
root hair examined under a compound
microscope will be found to be a long,
round structure, almost colorless in ap-
pearance. The wall, which is very flexi-
ble and thin, is made up of cellulose, a
substance somewhat like wood in chemi-
cal composition, through which fluids
may easily pass. Clinging close to the
cell wall is the protoplasm of the cell.

Young embryo of corn, show-
ing root hairs (R. 71.) and
growing stem (P.).

The mterior of the root hair is more or less filled with a fluid



SOIL. AND ITS RELATION TO ROOTS 75

called cell sap. Forming a part of the living protoplasm of the
root hair, sometimes in the hairlike prolongation and sometimes
in that part of the cell which forms the epidermis, is found a
nucleus.  The protoplasm and nucleus are alive; the cell wall
formed by the living matter in the cell is dead.  The root hair is a
living plant cell with a wall
so delicate that water and
mineral substances from
the soil can pass through
it into the interior of the
root.

How the Root absorbs
Water. — The process by
which the root hair takes Diagram of a root hair; ('S, cell sap; CI, cell
up soll water can better wall ; 72, protoplasm ; N, nucleus; S, particles
be understood if we make gigoil.
an artificial root hair large enough to be easily seen. An egg with
part of the outer shell removed so0 as to expose the soft skinlike
membrane underneath is an example. Better, an artificial root
hair may be made in the following way. Pour some soft celloidin
into a test tube; carefully revolve the test tube so that an even
film of celloidin dries on the inside. This membrane is removed,
filled with white of egg, and tied over the end of a rubber cork in
which a glass tube has previously been iserted. When placed
in water, it gives a very accurate picture of the root hair at
work. After a short time water begins to rise in the tube, having
passed through the film of celloidin. If grape sugar, salt, or some
other substance which will dissolve in water were placed in the
water outside the artificial root hair, it could soon be proved by
test to pass through the wall and into the liquid inside.

Osmosis. — To explain this process we must remember that
gases and liquids of different densities, when separated by a mem-
brane, tend to flow toward each other and mingle, the greater flow
always being in the direction of the denser medium. The process
by which two gases or fluids, separated by a membrane, tend to pass
through the membrane and mingle with each other, 1s called osmosis.
The method by which the root hairs take up soil water is exactly
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the same process. It is by osmosis. The white of the egg is the
best possible substitute for living matter; the celloidin membrane
separating the egg from the water is much like the delicate mem-
brane-like wall which separates the protoplasm of the root hair
from the water in the soil surrounding it. The fluid in the root
hair is denser than the soil water; hence the greater flow is toward
the interior of the root hair.!

Passage of Soil Water within the Root. — We have already seen
that in an exchange of fluids by osmosis the greater flow is always
toward the denser fluid. Thus it is that the root hairs take in
more fluid than they give up. The cell sap, which partly fills
the interior of the root hair, is a fluid of greater density than the
water outside in the soil.  'When the root hairs become filled with

The soil particles are each surrounded with a delicate film of water.
How might the root hairs take up this water ?

water, the density of the cell sap is lessened, and the cells of the
epidermis are thus in a position to pass along their supply of water
to the cells next to them and nearer to the center of the root.
These cells, in turn, become less dense than their inside neighbors,
and so the transfer of water goes on until the water at last reaches
the central cylinder. Here it is passed over to the tubes of the
woody bundles and started up the stem. The pressure created

!For an excellent elementary discussion of osmosis see Moore, Physiology of
Man and Other Animals. Henry Holt and Company.
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by this process of osmosis is sufficient to send water up the stem
to a distance, in some plants, of 25 to 30 feet. Cases are on
record of water having been raised in the birch a distance of 85
feet. A

Physiological Importance of Osmosis. — It is not an exaggera-
tion to say that osmosis i3 a process not only of great importance
to a plant, but to an animal as well. Foods are digested in the
food tube of an animal; that is, they are changed into a soluble
form so that they may pass through the walls of the food tube and
become part of the blood. The inner lining of part of the food
tube is thrown into millions of little fingerlike projections which
look somewhat, in size at least, like root hairs. These fingerlike
processes are (unlike a root hair) made up of many cells. But
they serve the same purpose as the root hairs, for they absorb
liquid food into the blood. This process of absorption is largely
by osmosis. Without the process of osmosis we should be unable
to use much of the food we eat.

Composition of Soil. — If we examine a mass of ordinary loam
carefully, we find that it is composed of numerous particles of vary-
ing size and weight. Between these particles, if the soil is not caked
and hard packed, we can find tiny spaces. In well-tilled soil these
spaces are constantly be-
ing formed and enlarged.
They allow air and water
to penetrate the soil. If
we examine soil under the
microscope, we find con-
siderable water clinging to
the soil particles and form-
ing a delicate film around
each particle. In this
manner most of the water
18 held in the soil.

How Water is held in
Soil. — To understand what comes in with the soil water, it will
be necessary to find out a little more about soil. Scientists who
have made the subject of the composition of the earth a study,

Inorganic soil is being formed by weathering.
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tell us that once upon a time at least a part of the earth was molten.
Later, it cooled into solid rock. Soil making began when the ice

and frost, working al-
ternately with the heat,
chipped off pieces of
rock. These pieces in
time became ground in-
to fragments by action
of ice, glaciers, running
water, or the atmos-
phere.  This process
is called weathering.
Weathering is aided by
oxidation. A glance
at almost any crum-
bling stones will con-
vince you of this,
because of the yellow
oxide of iron (rust)
disclosed.  So by slow
degrees this earth be-

This picture shows how the forests help to cover
the inorganic soil with an

Explain how.

came covered with a

organic coating. coating of what we call

inorganic soil. Later,

generation after generation of tiny plants and animals which lived
in the soil died, and their remains formed the first organic materials

of the soil.

You are all familiar with
the difference between the
so-called rich soil and poor
soil.  The dark soil con-
tains more dead plant and
animal  matter, which
forms the portion called
humus.

Humus contains Or-
ganic Matter. — It 1s an

A 8 (63 D (5 F
Apparatus for testing the capacity of soils
to take in and retain moisture.
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easy matter to prove that black soil contains organic matter, for if
an equal weight of carefully dried humus and soil from a sandy road
is heated red-hot for some time and ‘
then reweighed, the humus will be
found to have lost considerably in
weight, and the sandy soil to have
lost very little. The material left
after heating is inorganic material,
the organic matter having been
burned out.

Soil containing organic materials
holds water much more readily than
inorganic soil, as a glance at the
accompanying ficure shows. If we
fill each of the vessels with a given
weight (say 100 grams each) of
gravel, sand, barren soil, rich loam,
leaf mold, and 25 grams of dry, , , ,
pulverized leaves, then pour equal Sel Imrtlcles\(\:‘ﬁ;ﬁq ?m R
amounts of water (100 c.c.) on each
and measure all that runs through, the water that has been re-
tained will represent the water supply that plants could draw on
from such soil.

The Root Hairs take more than Water out of the Soil. — If a
root containing a fringe of root hairs is washed carefully, it will be
found to have little particles of soil still elinging to it. Examined
under the microscope, these particles of s0il scem to be cemented
to the sticky surface of the root hair. The soil contains, besides
a number of chemical compounds of various mineral substances, —
lime, potash, iron, silica, and many others, — a considerable amount
of organic material. Acids of various kinds are present in the soil.
These acids so aet upon certain of the mineral substances that
they become dissolved in the water which is absorbed by the root
hairs. Root hairs also give off small amounts of acid. An in-
teresting experiment may be shown (see Figure on page 80) to
prove this. A solution of phenolphthalein loses its color when an
acid is added to it. If a growing pea be placed in a tube contain-




80 SOIL AND ITS RELATION TO ROOTS

ing some of this solution the latter will quickly change from a rose
pink to a colorless solution.

A Plant needs Mineral Matter to Make Living Matter. — Liv-
ing matter (protoplasm), besides containing the chemical elements
‘arbon, hydrogen, oxygen, and nitrogen,
contains a very minute proportion of
various elements which make up the
basis of certain minerals. These are
caleium (lime), sulphur, iron, potassium,
magnesium, phosphorus, sodium, and
chlorine.

That plants will not grow well with-
out certain of these mineral substances
can be proved by the growth of seed-
lings in a so-called nutrient solution.!
Such a solution contains all the mineral
matter that a plant uses for food. If
certain ingredients are left out of this
solution, the plants placed in it will not
live.

Nitrogen in a Usable Form necessary
Effect of root hairs on phenol- for Growth of Plants. — A chemical

phthalein solution. ~The element needed by the plant to make

change of color indicates A . .

the presence of acid. protoplasm is nitrogen. The air can

be proven by experiment to be made
up of about four fifths nitrogen, but this element cannot be taken
from either soil water or air in a pure state, but is usually ob-
tained from the organic matter in the soil, where it exists with
other substances in the form of nitrates. Ammonia and other
organic compounds which contain nitrogen are changed by two
groups of little plants called bacteria, first into nitrites and then
nitrates.?

1 See Hunter’s Laboratory Problems in Civic Biology for list of ingredients.

2 [t has recently been discovered that under some conditions these bacteria are
preyed upon by tiny one-celled animals (protozoa) living in the soil and are so re-
duced in numbers that they cannot do their work effeetively. If, then, the soil
is heated artificially or treated with antiseptics so as to kill the protozoa, the bae-
teria which escape multiply so rapidly as to make the land much richer than before.



SOIL AND ITS RELATION TO ROOTS 81

Relation of Bacteria to Free Nitrogen. — It has been known
since the time of the Romans that the growth of clover, peas,
beans, and other legumes in soil causes it to become more favorable
for growth of other plants. The reason for this has been dis-
covered in late years. On the
roots of the plants mentioned ’{2’{
are found little swellings or W«f
nodules ; in the nodules exist
millions of bacteria, which take
nitrogen from the atmosphere
and fix it so that it can be used
by the plant; that is, they as-
sist in forming nitrates for the \ L/
plants to wuse. Only these _ s TEN \7
bacteria, of all the living plants, \ et )
have the power to take the free Nitrates 3
nitrogen from the air and make ot o~
it over into a form that can be =7
used by the roots. As all the
compounds of nitrogen are used
over and over again, first by
plants, then as food for animals,
eventually returning to the soil
again, or in part being turned
into free nitrogen, it is evident
that any new supply of usable
nitrogen must come by means Diagram to show how the nitrogen-fixing

. . bacteria prepare nitrogen for use by
of these nitrogen-fixing bac-  [jans: ¢ tubercles.
teria.

Rotation of Crops. — The facts mentioned above are made use
of by careful farmers who wish to make as much as possible from
a given area of ground in a given time. Such plants as are hosts
for the nitrogen-fixing bacteria are planted early in the season.
Later these plants are plowed in and a second crop is planted.
The latter grows quickly and luxuriantly because of the nitrates
left in the soil by the bacteria which lived with the first crop.

For this reason, clover is often grown on land in which it is pro-
HUNTER, CIV. BI. — 6
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posed to plant corn, the nitrogen left in the soil thus giving nourish-
ment to the young corn plants. In scientifically managed farms,
different erops are planted in a given field on different years so that
one crop may replace some of the elements taken from the soil by
the previous crop. This 1s known as rotation of crops.! The
annual yield of the average farm may thus be greatly increased.

Five of the elements necessary to the life of the plant which
may be taken out of the soil by constant use are calctum, nitrogen.
phosphorus, potassium, and sulphur. Several methods are used
by the farmer to prevent the
exhaustion of these and other
raw food materials from the soil.
One method known as fallowing
is to allow the soil to remain
idle until bacteria and oxidation
have renewed the chemical ma-
terials used by the plants. This
1s an expensive method, if land
is dear. The most common
method of enriching =oil is by
means  of fertilizing material
rich in plant food. Manure is
Nitrogen in the soil is necessary for plants. I’Il().St f:l'(‘qll(‘llﬂ:\'. used, but many

Explain from this diagram how nitro- artificial fertilizers, most of

gen is put into the soil by some plants which contain nitrogen in the

and taken out by others. . =

form of some nitrate, are used,

because they can be more easily transported and sold. Such are
ground bone, guano (bird manure), nitrate of soda, and many
others. These also contain other important raw food materials
for plants, especially potash and phosphoric acid.  Both of these
substances are made soluble so as to be taken into the roots by
the action of the carbon dioxide in the soil.

The Indirect Relation of this to the City Dweller. — All of us
living in the city are aware of the importance of fresh vegetables,

1 That crop rotation is not primarily a process to conserve the fertility of the
soil, but is a sanitary measure to prevent infection of the soil, is the latest belief
of the scientist.
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brought in from the neighboring market gardens. But we some-
times forget that our great staple crops, wheat and other cereals,
potatoes, fruits of all kinds, our cotton crop,and all plants we make
use of grow directly in proportion to the amount of raw food ma-
terials they take in through the roots.  When we also remember
that many industries within the cities, as mills, bakeries, and the
like, as well as the earnings of our railways and steamship lines, are
largely dependent on the abundance of the crops, we may recognize
the importance of what we have read in this chapter.

Food Storage in Roots of Commercial Importance. — Some plants,
as the parsnip, carrot, and radish, produce no seed until the second
year, storing food in the roots the first year and using it to get an
early start the following spring, co as to be better able to produce
seeds when the time comes. This food storage in roots is of much
practical value to mankind. Many of our commonest garden
vegetables, as those mentioned above, and the beet, turnip, oyster
plant, sweet potato and many others, are of value because of the
food stored. The sugar beet has, in Europe especially, become
the basis of a great industry.
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VII. PLANT GROWTH AND NUTRITION — PLANTS
MAKE FOOD

Problem.—Vhere, when, and how Sreen plants make food ?
(@) How and why is moisture Siven off from leaves?

(&) What is the reaction of leaves to lidht?

(e) What is made in green leaves in the sunlight?

() What by-products are given off in the above process?
(e) Other functions of leaves.

LLABORATORY SUGGESTIONS

Demonstration. — Water given off by plant in sunhofht Loss of weight
due to transpiration measured.
Laboratory ecercise. —
(a) Gross strueture of a leaf.
(b) Study of stoma and lower epidermis under miecroscope.
(¢) Study of cross section to show cells and air spaces.

Demonstration. — Reaction of leaves to light.
Demonstration. — Light necessary to starch making.
Demonstration. — Air necessary to starch making.
Demonstration. — Oxygen a by-produet of starch making.

What becomes of the Water taken in
by the Roots?— We have seen that
more than pure water has been absorbed
through the root hairs into the roots.
What becomes of this water and the
other substances that have been ab-
sorbed? This question may be partly
answered by the following experiments.

Passage of Fluids up the Stem. — If
any young growing shoots (young seed-
lings of corn or pea, or the older stems
of garden balsam, touch-me-not, or sun-
flower) are placed in red ink (eosin),

and left in the sun for a few hours, the
Apple twigs split to show the . .
course of colored water up 1€ MK will be found to have passed up

the sten. the stem. If such stems were examined
84
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carefully, it would be seen that the
colored fluid is confined to collections
of woody tubes immediately under the
inner bark. Water evidently rises in
that part of the stem we call the wood.

Water given off by Evaporation from
Leaves. — Take some well-watered
potted green plant, as a geranium or
hydrangea, cover the pot with sheet
rubber, fastening the rubber close to
the stem of the plant. Next weigh
the plant with the pot. Then cover
it with a tall bell jar and place the ap-
paratus in the sun. In a few minutes
drops of moisture are seen to gather

on the inside of the jar. If we now

¥y
)

N
N

The skeleton of a leaf. M.R.,
the midrib; P., the leafstalk;
V., the veins.

weigh the pot- |
ted plant, we ( !
find it weighs

less than be-
fore. Obvi- Experiment to prove that water

is given off through the leaves
ously the loss of a green plant.

comes from the
water lost, and evidently this water escapes
as vapor from either the stem or leaves.

The Structure of a Leaf. — In the ex-
periment with the red ink mentioned
above we will find that the fluid has gone
out into the skeleton or framework of
the leaf. TLet us now examine a leaf
more carefully. It shows usually (1) a
flat, broad blade, which may take almost
any conceivable shape; (2) a stem which
spreads out in the blade (3) in a number
of veins.

The Cell Structure of a Leaf. — The
under surface of a leaf seen under the
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microscope usually shows numbers of tiny oval openings. These
are called stomata (singular stoma). Two cells, usually kidney-
shaped, are found, one on each side of the opening. These are
the guard cells. By change in shape of these cells the opening
of the stoma is made larger or smaller. Larger irregular cells
form the epidermis, or outer covering of the leaf. Study of the
leaf in eross section shows that these
stomata open directly into air chambers
which penetrate between and around
the loosely arranged cells composing
the underpart of the leaf. The upper
surface of leaves sometimes contains
stomata, but more often they are lack-
img. The under surface of an oak leaf
of ordinary size contains about 2,000,000
stomata. Under the upper epidermis
1s a layer of green cells closely packed
together (called collectively the palisade
Section through the blade of a L T}‘l(’be el :u,e moTe SO

leaf as seen under the com- columnar in shape. Under these are

pound microscope. S, @i geveral rows of rather loosely placed

spaces, which communicate R . E

with the outside air; V, vein Cells Just mentioned. These are called

incrosssection; 8.T. breath-  ogllectively the spongy tissue. If we

ing hole (stoma); FE, outer g

layer of cells; P, green cells, happen to have a section cut through

a vein, we find this composed of a
number of tubes made up of, and strengthened by, thick-walled
cells.  The veins are evidently a continuation of the tubes of the
stem out into the blade of the leaf.

Evaporation of Water. — During the day an enormous amount
of water 15 taken up by the roots and passed out through the
leaves. So great is this excess at times that a small grass plant
on a summer’s day evaporates more than its own weight in water.
This would make nearly half a ton of water delivered to the air
during twenty-four hours by a grass plot twenty-five by one hun-
dred feet, the size of the average eity lot. According to Ward,
an oak tree may pass off two hundred and twentyv-six times its
own weight in water during the season from June to October.
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From which Surface of the Leaf is Water Lost? — In order to find out
whether water is passed out from any particular part of the leaf, we may
remove two leaves of the same size and weight from some large-leaved
plant ! —a mullein was used for the illustrations given below -—and cover
the upper surface of one leaf and the lower surface of the other with vase-
line. The leaf stalks of each should be covered with wax or vaseline, and
the two leaves exactly balanced on the pans of a balance which has pre-
viously been placed in a warm and sunny place.  Within an hour the leaf
which has the upper surface covered with vaseline will show a loss of

Experiment to show through which surface of a leaf water passes off.

weight. Ixamination of the surface of a mullein leaf shows us that the
lower surface of the leaf is provided with stomata. It is through these organs,
then, that water is passed out from the tissues of the leaf.

Factors in Transpiration. — The amount of water lost from a
plant varies greatly under different conditions. The humidity
of the air, its temperature, and the temperature of the plant all
affect the rate of transpiration. The stomata also tend to close
under some conditions, thus helping to prevent evaporation.  But
there seems to be no certain regulation of this water loss.  Conse-
quently plants droop or wilt on hot dry days because they cannot

1 The “rubber plant’’ leaf is an easily obtainable and excellent demonstration.
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obtain water rapidly enough from the soil to make up for the loss
through the leaves.

«

Diagrams of a stoma. «, surface view of a closed stoma; b, the same stoma
opened. (After Hanson.) ¢, diagrams of a transverse section through a stoma,
dotted lines indicate the closed position of the guard cells, the heavy lines the
open condition. (After Schwendener.)

Green Plants Food Makers.— We have previously stated
that green plants are the great food makers for themselves and
for animals. We are now ready to attack the problem of how
green plants make food.

The Sun a Source of Energy. — We all know the sun is a source
of most of the energy that is released on this earth in the form of
heat or light. Every boy knows the power of a ““ burning glass.”
Solar engines have not come into any great use as yet, because
fuel is cheaper, but some day we undoubtedly will directly harness
the energy of the sun in everyday work. Actual experiments
have shown that vast amounts of energy are given to the earth.
When the sun is highest in the sky, energy equivalent to one hun-
dred horse power is received by a plot of land twenty-five by one
hundred feet, the size of a city lot. Plants receive and use much
of this energy by means of their leaves.

Effect of Light on Plants. — In young plants which have been
grown in total darkuness, no green color is found in either stems
or leaves, the latter often being reduced to mere scales. The
stems are long and more or less reclining. We can explain the
changed condition of the seedling grown in the dark only by as-
suming that light has some effeet on the protoplasm of the seedling
and induces the growth of the green part of the plant. If seedlings
have been growing on a window sill, or where the light comes in
from one side, you have doubtless noticed that the stem and leaves
of the seedlings incline in the direction from which the light comes.
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The experiment pictured shows this effect of light very plainly.
A hole was cut in one end of a cigar box and barriers were erected
in the interior of the box so that the seeds planted in the sawdust
received their light by an indirect course. The young seedling
in this case responded to the influence of the stimulus of light so
as to grow out finally through the hole in the box into the open

Two stages in an experiment to show that green plants grow
toward the light.

air. This growth of the stem to the light is of very great impor-
tance to a growing plant, because, as we shall see later, food mak-
ing depends largely on the amount of sunlight the leaves receive.

Effect of Light on Leaf Arrangement. — It is a matter of common
knowledge that green leaves turn toward the light. Place grow-
ing pea seedlings, oxalis, or any other plants of rapid growth near
a window which receives full sunlight. Within a short time the
leaves are found to be in positions to receive the most sunlight
possible. Careful observation of any plant growing outdoors
shows us that in almost every case the leaves are so disposed as
to get much sunlight. The ivy climbing up the wall, the morning-
glory, the dandelion, and the burdock all show different arrange-
ments of leaves, each presenting a large surface to the light.
Leaves are often definitely arranged, fitting in between one
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another so as to present their upper surface to the sun. Such an
arrangement 1s known as a leaf mosaic. In the case of the dande-
lion, a rosette or whorled cluster of leaves is found. In the horse-
chestnut, where the leaves come out opposite each other, the older
leaves have longer petioles than the young ones. In the mullein
the entire plant forms a cone. The old leaves near the bottom
have long stalks, and the little ones near the apex come out close

A lily, showing long narrow The dandelion, showing a whorled ar-
leaves. rangement of long irregular leaves.

to the main stalk. In every case each leaf receives a large amount
of light. Other modifications of these forms may easily be found
on any field trip.

Starch made by a Green Leaf. — If we examine the palisade
layer of the leaf, we find cells which are almost eylindrical in form.
In the protoplasm of such cells are found a number of little green-
colored bodies, which are known as chloroplasts or chlorophyll
bodies. If we place the leaf in wood aleohol, we find that the
bodies still remain, but that the color is extracted, going into the
aleohol and giving to it a beautiful green color. The chloroplasts
are, indeed, simply part of the protoplasm of the cell eolored green.
These bodies are of the greatest importance directly to plants and
indirectly to animals. The chloroplasts, by means of the energy re-
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ceived from the sun, manufacture starch out of certain raw materials.
These raw materials are soil water, which is passed up through
the bundles of tubes into the veins of the leaf from the roots, and
carbon dioxide, which is taken in through the stomata or pores,
which dot the under surface of the leaf. A plant with variegated
leaves, as the coleus, makes starch only in the green part of the
leaf, even though these raw materials reach all parts of the leaf.
Light and Air necessary for
Starch Making. — If we pin strips
of black cloth, such as alpaca, over
some of the leaves of a growing
hydrangea which has previously
been placed in a dark room for a

An experiment to show the effect of ex-
cluding light (but not air) from the

leaves of a green plant. The result of Starchless area in a leaf caused
this experiment is seen in the next by excluding sunlicht by
picture. (Experiment performed by means of a strip of black
C. Dobbins and A. Schwartz.) cloth.

few hours, and then put the plant in direct sunlight for an hour
or two, we are ready to test for starch. We then remove some of
the covered leaves and extract the chlorophyll with wood aleohol
(because the green color of the chlorophyll interferes with the blue
color of the starch test). A test then shows that starch is present
only in the portions of the leaves exposed to sunlight. From this
experiment we infer that the sun has something to do with starch
making in a leaf. The necessity of a part of the air (carbon
dioxide) for starch making may also easily be proved, for the
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parts of leaves covered with vaseline will be found to contain no
starch, while parts of the leaf without vaseline, but exposed to the
sun and air, do contain starch.

Air is necessary for the process of starch making in a leaf,
not only because carbon dioxide gas is absorbed (there are from
three to four parts in ten thousand present in the atmosphere),

Diagram to show starch making. Read the text carefully and then explain
this diagram.

but also because the leaf is alive and must have oxygen in order to
do work. This oxygen it takes from the air around it.
Comparison of Starch Making and Milling. — The manufacture
of starch by the green leaf
1s not easily understood.
The process has been com-
pared to the milling of
grain. In this case the
mill is the green part of the
leaf. The sun furnishes the
motive power, the chloro-
plasts constitute the ma-
chinery, and soil water and
carbon dioxide are the raw
T NS Tz~ products taken into the

To s

38 mill.  The manufactured
ZEE

o

product is starch, and a
certain by-product (corre-
sponding to the waste in a
Diagram to illustrate the formation of mill) is also glvon out. This

starch in a leaf. by-product is oxygen. To
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understand the process fully, we must refer to a small portion
of the leaf shown below. Here we find that the cells of the green
layer of the leaf, under the upper epidermis, perform most of
the work. The carbon dioxide is taken in through the stomata
and reaches the green cells by way of the intercellular spaces and
by osmosis from cell to cell. Water reaches the green cells
through the veins. It then passes into the cells by osmosis, and
there becomes part of the cell sap. The light of the sun easily
penetrates to the cells of the palisade layer, giving the energy
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Diagram (after Stevens) to illustrate the proecesses of breathing and food
making in the cells of a green leaf in the sunlight.

needed to make the starch. This whole process is a very delicate
one, and will take place only when external conditions are favorable.
For example, too much heat or too little heat stops starch making
in the leaf. This building up of food and the release of oxygen
by the plant in the presence of sunlight is called photosynthesis.

Manufacture of Fats. -—— Inasmuch as tiny droplets of oil are
found 7nside the chlorophyll bodies in the leaf, we believe that fats,
too, are made there, probably by a transformation of the starch
already manufactured.

Protein Making and its Relation to the Making of Living Matter.
— Protein material is a food which is necessary to form protoplasm.
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Protein food is present in the leaf, and is found in the stem or root
as well. Proteins can apparently be manufactured in any of the
cells of green plants, the presence of light not seeming to be a nec-
essary factor. How it is manufactured is a matter of conjecture.
The minerals brought up in the soil water form part of its composi-
tion, and starch or grape sugar give three elements (', H, and O).
The element nitrogen is taken up by the roots as a nitrate (nitrogen
in combination with lime or potash). Proteins are probably not
made directly into protoplasm
in the leaf, but are stored by
the cells of the plant and used
when needed, either to form
new cells in growth or to re-
pair waste. While plants and
animals obtain their food in
different ways, they probably
make it into living substance
(asstmilate it) n exactly the
same manner.

Foods serve exactly the same
purposes in plants and in ani-
mals; they either build living
matter or they are burned
(oxidized) to furnish energy
(power to do work). If you
An example of_‘h(')\\'_a trec may exert  |ouht that a plant exerts

energy. This rock has been split by

the growing tree. energy, note how the roots of

a tree bore their way through
the hardest soil, and how stems or roots of trees often split open
the hardest rocks, as illustrated in the figure above.

Starch-Making and its Relation to Human Welfare. — Leaves
which have been in darkness show starch to be present soon after
exposure to light. A corn plant sends 10 to 15 grams of reserve
material into the ears in a single day. The formation of fruit, and
especially the growth of the grain fields, show the economic im-
portance of this fact. Not only do plants make their own food
and store it away, but they make food for animals as well. And
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the food is stored in such a stable form that it may be sent to all
parts of the world in the form of grain or other fruits. Animals,
herbivorous and flesh-eating, man himself, all are dependent upon
the starch-making processes of the green plant for the ultimate
source of their food. When we remember that in 1913 in the
United States the total value of all farm crops was over
$6,000,000,000, and when we realize that these products came from
the air and soil through the energy of the sun, we may begin to
realize why as eity boys and girls the study
of plant biology s of importance to us.

Green Plants give off Oxygen in Sun-
light. — In still another way green plants
are of direet use to us in the city. Dur-
ing this process of starch-making oxygen
is given off as a by-product. This may
easily be proven by the following experi-
ment.! Place any green water plant in a
battery jar partly filled with water, cover
the plants with a glass funnel and mount
a test tube full of water over the mouth of
the funnel. Then place the apparatus in a
warm sunny window. Bubbles of gas are
seen to rise from the plant. After two or
three hours of hot sun, enough of the gas
can be obtained by displacement of the
water to make the oxygen test.

That oxygen is given off as a by-product
by green plants is a fact of far-reaching Experiment to show that
%mportzmce. City parks are tru(.* “breath- ::(3(21‘]“1)1‘;“ tii;ﬁut};:ffsu}ﬁ:
ing spaces.” The green covering of the  light.
earth is giving to animals an element that
they must have, while the animals in their turn are supplying to
the plants carbon dioxide, a compound used in food-making.
Thus a widespread relation of mutual helpfulness exists between
plants and animals.

1 Immediate success with this experiment will be obtained if the water has héen
previously charged with carbon dioxide.
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Respiration by Leaves. — All living things require oxygen. It
1s by means of the oxidation of food materials within the plant’s
body that the energy used in growth and movement is released.
A plant takes in oxygen largely through the stomata of the leaves,
to a less extent through the lenticels or breathing holes in the stem,
and through the roots. Thus rapidly growing tissues receive the
oxygen necessary for them to perform their work. The products
of oxidation in the form of carbon dioxide are also passed off
through these same organs. It can be shown by experiment that
a plant uses up oxygen in the darkness; in the light the amount
of oxygen given off as a by-produet in the process of starch-making
is, of course, much greater than the amount used by the plant.

Summary. — From the above paragraphs it is seen that a leaf
performs the following funetions: (1) breathing, or the taking in
of oxygen and passing off of carbon dioxide; (2) starch-making,
with the incidental passing out of oxygen ; (3) formation of proteins,
with their digestion and assimilation to form new tissues; and
(4) the transpiration of water.
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VIII. PLANT GROWTH AND NUTRITION —THE CIR-
CULATION AND FINAL USES OF FOOD BY PLANTS

Problem. — How dreen plants store and wse the food they
male.

() What are the ordans of eirewlation?
() How and where does fooc circilate?
(¢) How does the plant assimilate its food ?

[LABORATORY SUGGESTIONS

Laboratory exereise. — The structure (ecross section) of a woody stem.

Demonstration. — To show that food passes downward in the bark.

Demonstration. — To show the condition of food passing through the
stem.

Demonstration. — Plants with special digestive organs.

The Circulation and Final Uses of Foods in Green Plants. — We
have seen that cells of green plants make food and that such cells
are mostly in the leaves. But all parts of the bodies of plants grow.
Roots, stems, leaves, flowers, and fruits grow. Seeds are store-
houses of food. We must now examine the stem of some plant in
order to see how food is distributed, stored, and finally used in the
rarious parts of the plant.

The Structure of a Woody Stem. — If we cut a cross section
through a young willow or apple stem, we find it shows three
distinet regions. The center is occupied by the spongy, soft pith,
surrounding this is found the rather tough wood, while the outer-
most area is bark. More careful study of the bark reveals the
presence of three layers — an outer layer, a middle green layer,
and an inner fibrous layer, the latter usually brown in color. This
layer is made up largely of tough fiberlike cells known as bast
fibers. The most important parts of this inner bark, so far as the
plant is concerned, are many tubelike structures known as sieve
tubes. These are long rows of living cells, having perforated

HUNTER, CIV. Bl.— 7 97
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sievelike ends.  Through these cells food materials pass downward
from the upper part of the plant, where they are manufactured.

In the wood will be noticed (see Figure) a number of lines radiat-
ing outward from the pith toward the bark. These are thin plates
of pith which separate the wood into a number of wedge-shaped
masses. These masses of wood are composed of many elongated
cells, which, placed end to end,
form thousands of little tubes
connecting the leaves with the
roots. In addition to these are
many thick-walled eells, which
give strength to the mass of
wood. The bundles of tubes
with their surrounding hard
walled cells are the continua-
tion of the bundles of tubes
which are found in the root.
In sections of wood which have
Section of a twig of box elder three years taken several years to grow,

old, showing three annual growth rings. W find so-called annual 7"1'12(}3.

The radiating lines () wh'i(*h cross the The distance between one I'ing

wood (w) represent the pith rays, the

principal ones extending from the pith and the next (See Figure) usu-

in‘ the (:entvr ’to )the cortex or bark. ally represents the amount of

(From Coulter’'s Plant Relations.) .

growth in one year. Growth
takes place from an actively dividing layer of cells, known as the
cambium layer. This layer forms wood cells from its inner surface
and bark from its outer surface. Thus new wood is formed as a
distinet ring around the old wood.

Use of the Outer Bark. — The outer bark of a tree is protective.
The cells are dead, the heavy woody skeletons serving to keep out
cold and drymness, as well as prevent the evaporation of fluids from
within. The bark also protects the tree from attack of other
plants or animals which might harm it. Nlost trees are provided
with a layer of corky cells. This layer in the cork oak is thick
enough to be of commercial importance. The function of the
corky layer in preventing evaporation is well seen in the case of
the potato, which is a true stem, though found underground. If
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two potatoes of equal weight are balanced on the scales, the skin
having been peeled from one, the peeled potato will be found to
lose weight rapidly. This is due to loss of water, which is held in
by the skin of the unpeeled potato (see right hand figure below).

There are also small breathing holes known as lenticels scattered
through the surface of the bark. These can easily be seen in a
young woody stem of apple, beech, or horse-chestnut.

Experiment to show that the skin of the potato (a stem) retards evaporation.

Proof that Food passes down the Stem. — If freshly cut willow
twigs are placed in water, roots soon begin to develop from that
part of the stem which is under water. If now the stem is girdled
by removing the bark in a ring just above where the roots are
growing, the latter will eventually die, and new roots will appear
above the girdled area. The food material necessary for the out-
growth of roots evidently comes from above, and the passage of
food materials takes place in a downward direction just outside
the wood in the layer of bark which contains the bast fibers and
sieve tubes. This experiment with the willow explains why it is
that trees die when girdled so as to cut the sieve tubes of the inner
bark. The food supply is cut off from the protoplasm of the cells
in the part of the tree below the cut area. Many of the canoe
birches of our Adirondack forest are thus killed, girdled by thought-



100  CIRCULATION AND USES OF FOOD BY PLANTS

less visitors. In the same manner mice and other gnawing ani-

mals kill fruit trees.

Experiment to show that
food material passes
down in the inner bark.

Food substances are also conducted to a
much less extent in the wood itself, and food
passes from the inner bark to the center of
the tree by way of the pith plates. This can
be proved by testing for starch in the.pith
plates of young stems. It is found that
much starch is stored in this part of the tree
trunk.

In what Form does Food pass through
the Stem? — We have already secen that
materials in solution (those substances which
will dissolve in the water) will pass from cell
to cell by the process of osmosis. This is
shown in the experiment illustrated in the
figure. Two thistle tubes are partly filled,
one with starch and water, the other with
sugar and water, and a piece of parchment
paper is tied over the end of each. The

lower ends of both tubes are placed in a glass dish under water.
After twenty-four hours, the water in the dish is tested for starch,

and then for sugar.

dissolved by the water, can pass
through the membrane.
Digestion. — Much of the food

made 1n the leaves
the form of starch.

We find that only the sugar, which has been

is stored in
But starch,

being insoluble, cannot be passed
from cell to cell in a plant. It
must be changed to a soluble
form, for otherwise it could not
pass through the delicate cell
membranes. This is accomplished
by the process of digestion. We
have already seen that starch is
changed to grape sugar in the
corn by the action of a substance

Experiment to show osmosis of sugar
(right hand tube) and non-osmosis
of starch (left hand tube).
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(an enzyme) called diastase. This process of digestion seemingly
may take place in all living parts of the plant, although most of
it is done in the leaves. In the bodies of all animals, mmcluding
man, starchy foods are changed in a similar manner, but by
other enzymes, into soluble grape sugar.

The food material may be passed in a soluble form until it comes
to a place where food storage is to take place, then it can be trans-
formed to an insoluble form (starch, for example) ; later, when
needed by the plant in growth, it may again be transformed and sent
in a soluble form through the stem to the place where it will be used.

In a similar manner, protein seems to be changed and trans-
ferred to various parts of the plant. Some forms of protein sub-
stance are soluble and others insoluble in water. White of egg, for
example, is slightly soluble, but can be rendered insoluble by heat-
ing it so that it coagulates. Insoluble proteins are digested within
the plant; how and where is but slightly understood. In a plant,
soluble proteins pass down the sieve
tubes in the bast and then may be stored
in the bast or medullary rays of the wood
in an insoluble form, or they may pass
into the fruit or seeds of a plant, and be
stored there.

What forces Water up the Stem.— We
have seen that the process of osmosis is
responsible for taking in soil water, and
that the enormous absorbing surface ex-
posed by the root hairs makes possible
the absorption of a large amount of water.
Irequently this is more than the weight
of the plant in every twenty-four hours.

. . Diagram to show the areas

Experiments have been made which in a plant through which
show that at certain times in the year  therawfood materials pass
. N - up the stem and food ma-
this water is in some way forced up the  terials pass down.
tiny tubes of the stem. During the
spring season, in young and rapidly growing trees, water has been
proved to rise to a height of nearly ninety feet. The force that
causes this rise of water in stems is known as root pressure.
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The greatest factor, however, is transpiration of water from
leaves. This evaporation of water in the form of vapor seems to
result in a kind of suction on the column of water in the stem. In
the fall, after the leaves have gone, much less water is taken in by
roots, showing that an intimate relation exists between the leaves
and the root.

Summary of the Functions of Green Plants. — The processes
which we have just described (with the exception of food making)
are those which occur in the lives of any plant or animal. All
plants and animals breathe, they oxidize their foods to release
energy, carbon dioxide being given off as the result of the union of
the carbon in the foods with the oxygen of the air. Both plants
and animals digest their food ; plants may do this in the cells of
the root, stem, and leaf. Digestion must always occur o that food
can be moved in a soluble condition from cell to cell in the plant’s
body.

Plants with Special Digestive Organs. — Some plants have
special organs of digestion. One of these, the sundew, has leaves-
which are covered on one side with tiny glandular hairs. These

Leaf of sundew closing over The Venus fly trap, showing open
a captured insect. and elosed leaves.

attract insects and later serve to cateh and digest the nitrogenous
matter of these inseets by means of enzymes poured out by the
same hairs. Another plant, the Venus fly trap, catches insects
in a sensitive leaf which folds up and holds the insect fast until
enzymes poured out by the leaf slowly digest it. Still others,
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called pitcher plants, use as food the decayed bodies of insects
which fall into their cuplike leaves and die there. In this respect
plants are like those animals which have certain organs in the
body set apart for the digestion of food.

Assimilation. — The assimilation of foods, or making of foods

into living matter, is a process we know very little about. We
know it takes place in the living cells of plants and animals.  But
how foods are changed into living matter is one of the mysteries
of life which we have not yet solved.
_ Excretion. — The waste and repair of living matter seems to
take place in both plants and animals. When living plants
breathe, they give off carbon dioxide. In the process of starch-
making, oxygen might be considered the waste product. Water
is evaporated from leaves and stems.  The leaves fall and carry
away waste mineral substances which they contain.

Reproduction. — Finally, both plants and animals have organs
of reproduction. We have seen that the flower gives rise, after
pollination, to a fruit which holds the seeds. These seeds hold

()

The embryos of (a) the morning glory, (b) the barberry, (¢) the potato, (d) the
four o’clock, showing the position of their food supply. (After Gray.)

the embryo. Thus the young plant is doubly protected for a time
and is finally thrown off in the seed with enough food to give it a
start in life. In much the same way we will find that animals
reproduce, either by laying eggs which contain an embryo and food
to start it in life or, as in the higher animals, by holding and pro-
tecting the embryo within the body of the mother until it is born,
a helpless little ereature, to be tenderly nourished by the mother
until able to care for itself.

The Life Cycle. — Ultimately both plants and animals grow
old and die. Some plants, for example the pea or bean, live but
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a season ; others, such as the big trees of California, live for hun-
dreds of years. Some insects exist as adults but a day, while the
elephant is said to live almost two hundred years. The span of
life from the time the plant or animal begins to grow until it dies
is known as the life cycle.
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IX. OUR FORESTS, THEIR USES AND THE NECES-
SITY FOR THEIR PROTECTION

Problem. —Man's relations to forests.
() Whatisthe valwe of forests to man?
(b)) What can man do to prevent forest destruction ?

LABORATORY SUGGESTIONS
Demonstration of some uses of wood. Optional exercise on struecture
of wood. Method of cutting determined by examination. Home work
on study of furniture trim, ete.
Visit to Museum to study some economie uses of wood.
Visit to Museum or field trip to learn some common trees.

The Economic Value of Trees. Protection and Regulation of
Water Supply. — Trees form a protective covering for parts of

A forest in North Carolina. (U, S. G. S.)
105



106

OUR FORESTS

the earth’s surface. They prevent soil from being washed away,
and they hold moisture in the ground. The devastation of im-

mense areas in China and

Working to prevent erosion after the removal

considerable damage by
floods i parts of Switzer-
land, France, and in Penn-
sylvania hasresulted where
the forest covering has
been removed. No one
who has tramped through
our Adirondack forest can
escape noticing the differ-
ences in the condition of
streams  surrounded by

of the forest in the French Alps. forest and those which

flow through areas from

which trees have been cut. The latter streams often dry up
entirely in hot weather, while the forest-shaded stream has a
never failing supply of erystal water.

The city of New York owes much of its importance to its posi-
tion at the mouth of a great river with a harbor large enough to

float the navies of the
world. This river 1s
supplied with water
largely from the Adi-
rondack and Catskill
forests. Should these
forests be destroyed, it
1s not impossible that
the frequent freshets
which would follow
would so fill the Hud-
son River with silt and
débris that the ship
channels in the bay,

Erosion at Sayre, Pennsylvania, by the Chemung
River. (Photograph by W. C. Barbour.)

already costing the government hundreds of thousands of dollars
a year to keep dredged, would become too shallow for ships. If
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this should occur, the greatest city in this country would soon
lose its place and become of second-rate importance.

The story of how this very thing happened to the old Greek
city of Poseidonia is graphically told in the following lines : —

¢ Tt was such a strange, tremendous story, that of the Greek Poseidonia,
later the Roman Paestum. Long ago those adventuring mariners from
Greece had seized the fertile plain, which at that time was covered with
forests of great oak and watered by two clear and shining rivers. They
drove the ITtalian natives back into the distant hills, for the white man’s
burden even then included the taking of all the desirable things that were
being wasted by incompetent natives, and they brought over colonists —
whom the philosophers and moralists at home maligned, no doubt,
in the same pleasant fashion of our own day. And the colonists cut
down the oaks, and plowed the land, and built cities, and made harbors,
and finally dusted their busy hands and busy souls of the grime of labor and
wrought splendid temples in honor of the benign gods who had given them
the possessions of the Italians and filled them with power and fatness.

“ Every once in so often the natives looked lustfully down from the hills
upon this fatness, made an armed snatch at it, were driven back with bloody
contumely, and the heaping of riches upon riches went on.  And more and
more the oaks were cut down — mark that! for the stories of nations
are so inextricably bound up with the stories of trees — until all the plain
was cleared and tilled ; and then the foothills were denuded, and the wave
of destruction crept up the mountain sides, and they, too, were left naked
to the sun and the rains. ‘

‘At first these rains, sweeping down torrentially, unhindered by the
lost forests, only enriched the plain with the long-hoarded sweetness of
the trees; but by and by the living rivers grew heavy and thick, vomiting
mud into the ever shallowing harbors, and the land soured with the un-
drained stagnant water. Commerce turned more and more to deeper
ports, and mosquitoes began to breed in the brackish soil that was making
fast between the city and the sea.

“ Who of all those powerful landowners and rich merchants eould ever
have dreamed that little buzzing inseets could sting a great city to death?
But they did. Fevers grew more and more prevalent. The malaria
haunted population went more and more languidly about their business.
The natives, hardy and vigorous in the hills, were but feebly repulsed.
Carthage demanded tribute, and Rome took it, and changed the city’s
name from Poseidonia to Pestum. After Rome grew weak, Saracen
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corsairs came in by sea and grasped the slackly defended riches, and the
little winged poisoners of the night struck again and again, until grass
grew in the streets, and the wharves crumbled where they stood.  TFinally,
the wretched remnant of a great people wandered away into the more
wholesome hills, the marshes rotted in the heat and grew up in coarse
reeds where corn and vine had flourished, and the city melted back into
the wasted earth.”!

Prevention of Erosion by Covering of Organic Soil. — We have
shown how ungoverned streams might dig out soil and carry it

Result of deforestation in China.  This land has been ruined by erosion.
(Carnegice Institution Rescarch in China.)

far from its original source. Examples of what streams have done
may be seen in the deltas formed at the mouths of great rivers.
The forest prevents this by holding the water supply and letting it
out gradually. This it does by covering the inorganie soil with
humus or decayed organic material. In this way the forest floor

1 Elizabeth Bisland and Anne Hoyt, Seekers in Sicily. John Lane Company.
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becomes like a sponge, holding water through long periods of
drought. The roots of the trees, too, help hold the soil in place.
The gradual evaporation of water through the stomata of the leaves
cools the atmosphere, and this tends to precipitate the moisture
in the air. Eventually the dead bodies of the trees themselves are
added to the organic covering, and new trees take their place.
Other Uses of the Forest. — In some localities forests are used
as windbreaks and to protect mountain towns against avalanches.
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The forest regions of the United States.

In winter they moderate the cold, and in summer reduce the heat
and lessen the danger from storms. Birds nesting in the woods
protect many valuable plants which otherwise might be destroyed
by insects.

Forests have great commercial importance. Pyrogallic and
other acids are obtained from trees, as are tar, creosote, resin, tur-
pentine, and many useful oils. The making of maple sirup and
sugar forms a profitable industry in several states.

The Forest Regions of the United States. — The combined area
of all the forests in the United States, exclusive of Alaska, is about
500,000,000 acres. This seemingly immense area is rapidly de-
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creasing in acreage and in quality, thanks to the demands of an
increasing population, a woeful ignorance on the part of the owners
of the land, and wastefulness on the part of cutters and users alike.

A glance at the map on page 109 shows the distribution of
our principal forests.  Washington ranks first in the produc-
tion of lumber. Here the great Douglas fir, one of the “ ever-
greens,” forms the chief source of supply. In the Southern states,
especially Louisiana and Mississippi, yellow pine and eypress are
the trees most lumbered.

Which states produce the most hardwoods?  From which states
do we get most of our yellow pine, spruce, red fir, redwood?
Where are the heaviest forests of the United States?

Uses of Wood. — Even in this day of coal, wood is still by far
the most used fuel. It is useful in building. It outlasts iron
under water, in addition to
being durable and light.
It 1s cheap and, with care
of the forests, inexhaust-
ible, while our mineral
wealth may some day be
used up. Distilled wood
gives wood alcohol. Par-
tially burned wood is char-
coal. In our forests much

Transportation of lumber in the West, & th.e poiGrostic bt
et e bearing trees, spruce, bal-

sam, hemlock, and pine),

and poplars, aspens, basswood, with some other species, make paper
pulp. The daily newspaper and cheap books are responsible for in-
roads on our forests which cannot well be repaired. It is not nec-
essary to take the largest trees to make pulp wood. Hence many
young trees of not more than six inches in diameter are sacrificed.
Of the hundreds of species of trees in our forests, the conifers are
probably most sought after for lumber. Pine, especially, is prob-
ably used more extensively than any other wood. It is used in
all heavy construction work, frames of houses, bridges, masts,
spars and timber of ships, floors, railway ties, and many other
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purposes. Cedar is used for shingles, cabinetwork, lead pencils,
ete. ; hemlock and spruce for heavy timbers and, as we have seen,

Transportation of lumber in the East. Logs are mostly floated down rivers
to the mills.

for paper pulp. Another use for our lumber, especially odds and
ends of all kinds, is in the packing-box industry. It is estimated
that nearly 50 per cent of all lumber cut ultimately finds its way
into the construction of boxes. _—

Hemlock bark is used for tanning. (&) ‘ i @
The hard woods— ash, bass- r 1

wood, beech, birch, cherry, chest- | ‘\\

nut, elm, maple, oak, and walnut ‘

—are used largely for the “trim” \

of our houses, for manufacture of i ‘ /

furniture, wagon or car work, and ' \

endless other purposes.

14 b G

Methods of cutting Timber. — A Diagrams of sections of timber.
glax}ce at the diagram of the sections ;;;)n"t'ig‘;f S&“:)‘I’;‘Pﬁw;‘;?'? bcDgf
of timber shows us that a tree may be  of Agriculture.)
cut radially through the middle of
the trunk or tangentially to the middle portion. Most lumber is cut
tangentially. In wood cut in this manner the yearly rings take a more
or less irregular course. The grain in wood is caused by the fibers not
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taking straight lines in their course in the tree trunk. In many cases the
fibers of the wood take a spiral course up the trunk, or they may wave
outward to form little projections. Boards cut out of such a piece of
wood will show the effect seen in many of the school
desks, where the annual rings appear to form ellip-
tical markings. Quite a difference in color and
structure is often seen between the heartwood,
composed of the dead walls of cells occupying the
central part of the tree trunk, and the sapwood,
the living part of the stem.

Knots. — Knots, as can be seen from the dia-
gram, are branches which at one time started in
Setion of a tree trunk their outward growth and were for some reason

showing knot. killed. Later, the tree, continuing in its outward

growth, surrounded them and covered them up.

A dead limb should be pruned before such growth occurs. The markings

in bird’s-eye maple are caused by buds which have not developed, and
have been overgrown with the wood of the tree.

Destruction of the Forest. — By Waste in Cutting. — Man is
responsible for the destruction of one of this nation’s most valuable
assets. This is primarily due to wrong and wasteful lumbering.
Hundreds of thousands of dollars’ worth of lumber is left to rot
annually because the lumbermen do not cut the trees close enough
to the ground, or because through careless felling of trees many
other smaller trees are injured. There is great waste in the mills.
In fact, man wastes in every step from the forest to the finished
product. :

By Fire. — Indirectly, man is responsible for fire, one of the
greatest enemies of the forest. Nost of the great forest fires of
recent years, the losses from which total in the hundreds of mil-
lions, have been due either to railroads or to earelessness in making
fires in the woods. It is estimated that in forest lands traversed
by railroads from 25 per cent to 90 per cent of the fires are caused
by coal-burning locomotives. For this reason laws have been made
in New York State requiring locomotives passing through the
Adirondack forest preserve to burn oil instead of coal. This
has resulted in a considerable reduction in the number of fires. In
addition to the loss in timber, the fires often burn out the organic
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matter in the soil (the * duff ) forming the forest floor, thus pre-
venting the growth of forest there for many years to come. In

New York and other states fires are fought by an organized corps

A forest in the far west totally destroyed by fire and wasteful lumbering.

of fire wardens, whose duty it is to watch the forest and to fight
forest fires.

Other Enemies. — Other enemies of the forest are numerous
fungus plants, insect parasites which bore into the wood or destroy
the leaves, and grazing animals, particularly sheep. Wind and
snow also annually kill many trees.

Forestry. — In some parts of central Europe, the value of the
forests was seen as early as the year 1300 A.p., and many towns
consequently bought up the surrounding forests. The city of
Zurich has owned forests in its vieinity for at least 600 years and
has found them a profitable investment. In this country only
recently has the importance of preserving and caring for our
forests been noted by our government. Now, however, we have a
Forest Survey of the Department of Agriculture and numerous
state and university schools of forestry which are rapidly teach-

HUNTER, CIV. BI. — 8
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Trees are killing
each other in the struggle for light
and air.

The forest primeval.

should be kept thinned.

OUR TORESTS

ing the people of this country the
best methods for the preserva-
tion of our forests.  The Federal
government has set aside a num-
ber of tracts of mountain forest
in some of the Western states,
making a total area of over
167,000,000 New York
has established for the same pur-
pose the Adirondack Park, with
nearly 1,500,000 acres of timber-
land. Pennsylvania has one of
700,000 acres, and many other

acres.

states have followed their ex-
ample.

Methods for Keeping and Pro-
tecting the Forests. — Forests

Too many trees are as bad as too few.

They struggle with one another for foothold and light, which only

a few can enjoy. In cutting

the forest, it should be con-
sidered harvest. The
oldest trees are the “ripe
grain,” the younger trees
being left to grow to matur-
ity. Several methods of re-
newing the forest are in use
in this country. (1) Trees
may be cut down and young
ones allowed to sprout from
cut stumps. This 15 called
coppice growth. This growth
is well seen in parts of New

as a

. : f‘, g

T e
it W e

Jersey. (2) Areas or strips
may be cut out so that seeds
from mneighboring trees are
carried there to start new

A German beeeh forest.

The trees are kept
thinned out so as to allow the young trees
to get a start., Contrast this with the
picture above.
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growth. (3) Forests may be artificially
planted. Two seedlings planted for every
tree cut is a rule followed in Kurope. (4)
The most economical method is that shown
in the lower picture on page 114, where the
largest trees are thinned out over a large
area so as to make room for the vounger
ones to grow up. The greatest dangers
to the forests are from fire and from care-
less cutting, and these dangers may be
kept in check by the efficient work of our
national and state foresters.

A City’s Need for Trees. — The city of
Paris, well known as one of the most
beautiful of Kuropean capitals, spends
over $100.000 annually in caring for and
replacing some of the 90,000 trees owned
by the city. All over the United States  We must protect our city
the eity governments are beginning to })“"‘”\\ “,})‘1}:;;]9:{",:3, fis
realize what European cities have long ing gnawed by a horse.
known, that trees are of great value to a
city. They are now following the example of European cities by
planting trees and by protecting the trees after they are planted.
Thousands of ecity trees are annually killed by horses which
enaw the bark. This may be prevented by proper protection of
the trunk by means of screens or wire guards. Chicago has
appointed a city forester, who has given the following excellent
reasons why trees should be planted in the city : —

(1) Trees are beautiful in form and color, inspiring a constant appreei-
ation of nature.

(2) Trees enhance the beauty of architecture.

(3) Trees create sentiment, love of country, state, eity, and home.

(4) Trees have an educational influence upon citizens of all ages,
especially children.

(5) Trees encourage outdoor life.

(6) Trees purify the air.

(7) Trees cool the air in summer and radiate warmth in winter.

(8) Trees improve climate and conserve soil and moisture.
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(9) Trees furnish resting places and shelter for birds.
(10) Trees increase the value of real estate.
(11) Trees protect the pavement from the heat of the sun.
(12) Trees counteract adverse conditions of city life.

Let us all try to make Arbor Day what it should be, a day for
caring for and planting trees, for thus we may preserve this most
important heritage of our nation.
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X. THE ECONOMIC RELATION OF GREEN PLANTS
TO MAN

Problems.— How Sreen plants are wseful to main.
() As food.

(b) For clothing.

(e) Other wses.

How green plants are harmful to man.

SUGGESTED LABORATORY WORK

If a ecommercial museum is available. a trip should be planned to work
over the topies in this chapter. The school collection may well include
most of the examples mentioned, both of useful and harmful plants.

A study of weeds and poisonous plants should be taken up in actual
laboratory work, either by collection and identification or by demon-
stration.

Green Plants have a ‘ Dollar and Cents ”’ Value. — To the girl
or boy living in the city green plants seem to have little direct
value. Although we see vegetables for sale in stores and we know
that fruits have a money value, we are apt to forget that the wealth
of our nation depends more upon its crops than it does on its
manufactories and business houses. The economic or ‘‘ dollars
and cents ”’ value of plants is enormous and far too great for us
to comprehend in terms of figures.

We have already seen some of the uses to mankind of the
products of the forest; let us now consider some other plant
products.

Leaves as Food. — Grazing animals feed almost entirely on
tender shoots or leaves, blades of grass, and other herbage.
Certain leaves and buds are used by man as food. Lettuce,
beet tops, kale, spinach, broccoli, are examples. A cabbage
head is nothing but a big bud which has been cultivated by
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man. An onion is a compact budlike mass of thickened leaves
which contain stored food.

Cabbage Onions Lettuce

Leav:s used as food.

Stems as Food. — A city child would, if asked to name some
stem used as food, probably mention asparagus. We sometimes
forget that one of our
oreatest mnecessities, cane
sugar, comes from the
stem of sugar cane. Over
seventy pounds of sugar
1s used each year by every
person in the United
States.  To supply the
growing demand beets are
now being raised for their
sugar I many parts of
the world, so that nearly
half the total supply of
sugar comes from this

Celery  Kohlmabi  Potato Sugarcane  Source. Maple sugar 1s
Stems used as food. a well-known commodity

which 1s obtained by boil-

ing the sap of sugar maple until it erystallizes.  Over 16,000 tons
of maple sugar is obtained every spring, Vermont producing about
40 per cent of the total output. The sago palm is another stem
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which supports the life of many natives in Africa.  Another stem,
living underground, forms one of man’s staple articles of diet.
This is the potato.

Roots as Food. — Roots which store food for plants form im-
portant parts of man’s vegetable diet. Beets, radishes, carrots,
parsnips, sweet potatoes, and many others might be mentioned.

The following table shows the proportion of foods in some of
the commoner roots and stems : —

W . S CarBO- | o MINERAL

STER ‘ PROTEINS | yyppaTes g4 MATTER
Potato . . . . . . 75 1.2 18 0.3 } 1.0
Canmrole o s 5 56 8 ¢ 89 0.5 D 0.2 | 1.0
IPHBSIDND, o o o & o S1 | 1.2 8.7 1.5 | 1.0
Turnip . . . . . . 928 | 0.5 4, 0.1 | 08
Onion . . . . . . o 91 | 15 4.8 0.2 | 0.5
Sweet potato . . . . 2 TRENITS 202 | 01 | 15
Beet ol o . . . . . S22 | 04 134 | 0.1 | 0:9

Fruits and Seeds as Foods. — Our cereal crops, corn, wheat,
ete., have played a very great part in the civilization of man and
are now of so much importance to him as food products that bread

Wheat Nuts Pear Melon

Seeds and fruits used for food.

made from flour from the wheat has been called the ““ staff of life.”
Our grains are the cultivated progeny of wild grasses. Domesti-
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cation of plants and animals marks epochs in the advance of eivili-
zation. The man of the stone age hunted wild beasts for food,
and lived like one of them in a cave or wherever he happened to
be; he was a nomad, a wanderer, with no fixed home. He may
have discovered that wild roots or grains were good to eat; per-
haps he stored some away for future use. Then came the idea of
growing things at home instead of digging or gathering the wild
fruits from the forest and plain. The tribes which first cultivated
the soil made a great step in advance, for they had as a result a
fixed place for habitation. The cultivation of grains and cereals
gave them a store of food which could be used at times when other
food was scarce. The word “ cereal ” (derived from Ceres, the
Roman Goddess of Agriculture) shows the importance of this crop
to Roman civilization. From earliest times the growing of grain
and the progress of civilization have gone hand in hand. As
nations have advanced in power, their dependence upon the cereal
crops has been greater and greater.

“Indian corn,” says John Fiske, in The Discovery of America,
““has played a most important part in the history of the New
World. It could be planted without clearing or plowing the soil.
There was no need of threshing or winnowing. Sown in tilled land,
it yields more than twice as much food per acre as any other kind
of grain. This was of incalculable advantage to the KEnglish
settlers in New England, who would have found it much harder
to gain a secure foothold upon the soil if they had had to begin by
preparing it for wheat or rye.”

To-day, in spite of the great wealth which comes from our
mineral resources, live stock, and manufactured products, the
surest index of our country’s prosperity is the size of the corn
and wheat crop. According to the last census, the amount of
capital Invested in agriculture was over $20,000,000,000, while
that invested in manufacture was less than one half that amount.

Corn. — About three billion bushels of corn were raised in the
United States during the year 1910. This figure is so enormous
that it has but little meaning to us. In the past half century
our corn crop has increased over 350 per cent. Illinois and Iowa
are the greatest corn-producing states, each having a yearly record
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of over four hundred million bushels. The figure on this page
shows the prinecipal corn-produeing areas in the United States.
Indian corn is put to many uses. It is a valuable food. Tt con-
tains a large proportion of starch, from which glucose (grape sugar)
and alcohol are made. Machine oil and soap are made from it.
The leaves and stalk are an excellent fodder; they can be made
into paper and packing material. Mattresses can be stuffed with

=
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the husks. The pith is used as a protective belt placed below the
water line of our huge battleships. Corn cobs are used for fuel,
one hundred bushels having the fuel value of a ton of coal.
Wheat. — Wheat is the crop of next greatest importance in size.
Nearly seven hundred millions of bushels were raised in this
country in 1910, representing a total money value of over $700,-
000,000. Seventy-two per cent of all the wheat raised comes from
the North Central states and California. About three fourths of
the wheat crop is exported, nearly one half of it to Great Britain,
thus indirectly giving employment to thousands of people on rail-
ways and steamships.  Wheat has its chief use in its manufacture
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into flour. The germ, or young wheat plant, is sifted out during
this process and made into breakfast foods.  Flour making forms

y & ‘§/f o )
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the chief industry of Minneapoliz, Minnesota, and of several other
large and wealthy cities in this country.

Other Grains. — Of the other grain and cereals raised in this
country, oats are the most important crop, over one billion bushels
having been produced in 1910. Barley is another grain, a staple
of some of the northern countries of Kurope and Asia. In this
country, it is largely used in making malt for the manufacture of
beer.  Rye is the most important cereal crop of northern Europe,
Russia, Germany, and Austro-Hungary producing over 50 per
cent of the world’s supply.  Onue of the most important grain creps
for the world (although relatively unimportant in the United
States) is rice.  The fruit of this grasslike plant, after thrashing,
sereening, and milling, forms the principal food of one third of the
human race. Morecover, its stems furnish straw, its husks make
a bran used as food for cattle, and the grain, when fermented and
distilled, yields aleohol.
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A field of rice, showing the conditions of culture.

Garden Fruits. — Green plants and especially vegetables have
come to play an important part in the dietary of man. The
diseases known as scurvy and beri-beri, the latter the curse of the
far Eastern navies, have been largely prevented by adding vege-
tables and fruit juices to the dietary of the sailors. People in
this country are beginning to find that more vegetables and less
meat are better than the meat diet so often used. Market gar-
dening forms the luerative business of many thousands of people
near our great cities. Some of the more important fruits are
squash, cucumbers, pumpkins, melons, tomatoes, peppers, straw-
berries, raspberries, and blackberries. The latter fruits bring in
an annual income of $25,000,000 to our market gardeners. Beans
and peas are important as foods because of their relatively large
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amount of protein. Canning green corn, peas, beans, and toma-
toes has become an important industry.

Orchard and Other Fruits. — In the United States over one
hundred and seventy-five million bushels of apples are grown every
year. Pears, plums, apricots, peaches, and nectarines also form
large orchards, especially in California. Nuts form one of our
important articles of food,
largely because of the large
amount of protein contained
i them.

The grape crop of the
world is commercially valu-
able, because of the raisins
and wine produced. The
culture of lemons, oranges,
and grapefruit has come
in recent years to give a
living to many people in
this country as well as in
other parts of the world.
Figs, olives, and dates are
staple foods in the Mediter-
ranean countries and are
sources of wealth to the
people there, as are coco-

Picking apples, an important crop in some LS bana_nas’_ and m'any
parts of the United States. other fruits in tropical
countries.

Beverages and Condiments. — The coffee and cacao beans, and
leaves of the tea plant, products of tropical regions, form the basis
of very important beverages of civilized man. Pepper, black and
red, mustard, allspice, nutmegs, cloves, and vanilla are all produets
manufactured from various fruits or seeds of tropical plants.

Alcoholic liquors are produced from various plants in different
parts of the world, the dried fruit of the hop vine being an
important product of New York State used in the making of
beer.
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Raw Materials. — Besides use as food, green plants have many
other uses. Many of our city industries would not be in existence,
were it not for certain plant produects which furnish the raw ma-
terials for many manufacturing industries. Many ecities of the
east and south, for example, depend upon cotton to give employ-
ment to thousands of factory hands.

Cotton. — Of our native plant products cotton is probably of
the most importance to the outside world. Over eleven million
bales of five hundred pounds each are raised annually.
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The cotton plant thrives in warm regions. Its commercial
importance is gained because the seeds of the fruit have long fila-
ments attached to them. Bunches of these filaments, after treat-
ment, are easily twisted into threads from which are manufactured
cotton cloth, muslin, calico, and cambric. In addition to the
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fiber, cottonseed oil, a substitute for olive oil, is made from the
seeds, and the refuse remaining makes an excellent cattle fodder.

Cotton Boll Weevil. — The cotton crop of the United States has
rather recently heen threatened with destruction by a beetle called
the cotton boll weevil.  This sect, which bores into the young

2| Y G UL B O'F M E X I C O

Map showing the spread of the cotton boll weevil. It was introduced from Mexico
about 1894,  What proportion of the cotton raising belt was infected in 1908 ?

pod of the cotton, develops there, stunting the growth of the fruit
to such an extent that seeds are not produced. The loss in Texas
alone is estimated at over $£10,000,000 a year. The boll weevil,
beeause of the protection offered by the cotton boll, is very diffi-
cult to exterminate. The weevils are destroyed by birds, the
infected bolls and stalks are burnt, millions are killed each winter
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by eold, other msects prey on them, but at the present time they
are one of the greatest pests the south knows.

The control of this pest seems to depend upon early planting so
that the crop has an opportunity to ripen before the inseets in the
boll grow large enough to do harm. Ultimately the boll weevil

213

Mexican cotton boll weevil. Much enlarged, above; natural
size, below. (Herrick.)

may do more good than harm by bringing into the market a type
of cotton plant that ripens very early.

Vegetable Fibers. — Among the most important are Manila
hemp, which comes from the leaf-stalks of a plant of the banana
family and true hemp, which is the bast or woody fiber of a plant
cultivated in most warm parts of the earth. Flax is also an im-
portant fiber plant, grown largely in Russia and other parts of
Europe (see picture on next page). From the bast fibers of the
stem of this herb linen cloth is made.

Vegetable Oils. — Some of the same plants which give fiber
also produce oil. Cotton seed oil pressed from the seeds, linseed
oil from the seeds of the flax plant, and coconut oil (the covering
of the nut here producing the fiber) are examples.

Some Harmful Green Plants. — We have seen that on the whole
green plants are useful to man. There are, however, some that
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Flax grown for fiber.

son Weed (Datura) is a bushy plant,
from two to five feet high, bearing
large leaves. It has white or pur-
plish flowers, and later bears a four-
valved seed pod containing several
hundred seeds. These plants con-
tain a powerful poison, and people
are often made seriously 1l by
eating the roots or other parts by
mistake.

Weeds. — From the economice
standpoint the green plants which

IMPORTANCE OF GRELN PLANTS

are harmful.  For example, the
polson 1vy 1s extremely poison-
ous to touch. The poison ivy
is a climbing plant which at-
taches itself to the trees or
walls by means of tiny air
roots which grow out from the
stem. It is distinguished from
its harmless elimbing neighbor,
the Virginia Creeper, by the
fact that its leaves are notched
in threes instead of fives. Every
boy and girl should know
poison ivy.

Numerous other poisonous
common plants are found, but
one other deserves special
notice because of its presence
in vacant city lots. The Jim-

Poison ivy, a climbing plant which
is poisonous to touch. Notice the
leaves in threes.
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do the greatest damage are weeds. Those plants which provide
best for their young are usually the most successful in life’s
race. Plants which combine with the ability to scatter many
seeds over a wide territory the additional characteristies of rapid
growth, resistance to dangers of extreme cold or heat, attacks of
enemies, inedibility, and peculiar adaptations to eross-pollina-
tion or self-pollination, are usually spoken of as weeds. They
flourish in the sterile soil of the roadside and in the fertile soil of
the garden. By means of rapid growth they kill other plants of
slower growth by usurping their territory. Slow-growing plants
are thus actually exterminated. Many of our common weeds
have been introduced from other countries and have, through
their numerous adaptations, driven out other plants which stood
in their way. Such is the Russian Thistle. A single plant of
this kind will give rise to over 20,000 seeds. First introduced from
Russia in 1873, it spread so rapidly that in twenty years it had
appeared as a common weed over an area of some twenty-five
thousand square miles. It is now one of the greatest pests in our
Northwest.

RErErENCE Books

ELEMENTARY

Hunter, Laboratory Problems in Civie Biology. American Book Company.

Gannet, Commercial Geography. American Book Company.

Sargent, Plants and their Uses. Henry Holt and Company.

Toothaker, Commercial Raw Materials. Ginn and Company.

U. S. Dept. of Agriculture, Farmers’ Bulletin 86, Thirty Poisonous Plants of the
United States, V. K. Chestnut. Bulletin 17. Two Hundred Weeds, How to
Know Them and How to Kill Them, L. H. Dewey.

ADVANCED

Bailey, Cyclopedia of American Agriculture. The Macmillan Company.

HUNTER, CIV. BI.—9



XI. PLANTS WITHOUT CHLOROPHYLL IN THEIR
RELATION TO MAN

Problems. —(a) How molds and other saprophytic fundgi de
harm to man.

b)) What yeasts do for mankind.

(e) A study of bacteria with reference to
(1) Conditions favorable and wnjfavorable to Srowth.
(2) Their relations to mankind.
(3) Some methods of fishting harmful bacteria and

diseases caused by them.

LABORATORY SUGGESTIONS

Field work.— Presence of bracket fungi and chestnut canker.
Home experiment. — Conditions favorable to growth of mold.

Laboratory demonstration. — Growth of mold, structure, drawing.

Home experiment or laboratory demonstration. — Conditions unfavorable
for growth of molds.

Demonstration. — Process of fermentation.

Microscopic demonstration. — Growing yeast cells. Drawing.

Home experiment. — Conditions favorable for growth of yeast.

Home experiment. — Conditions favorable for growth of yveast in bread.

Demonstration and experiment. — Where bacteria may be found.
Demonstration. — Methods of growth of bacteria, pure cultures and col-
onies shown.

Demonstration. — Foods preferred by bacteria.

Demonstration. — Conditions favorable for growth of bacteria.
Demonstration. — Conditions unfavorable for growth of bacteria.
Demonstration by charts, diagrams, ete. — The relation of baecteria to

disease in a large city.

COLORLESS PLANTS ARE USEFUL AND HARMFUL TO MAN

The Fungi. — We have found that green plants on the whole
are useful to mankind. But not all plants are green. Most of

us are familiar with the edible mushroom sold in the markets or
130
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the so-called “ toadstools” found in parks or lawns. These
plants contain no chlorophyll and hence do not make their own
food. They are members of the plant group called fungi. Such
plants are almost as much dependent upon the green plants for
food as are animals. But the fungi require for the most part
dead organic matter for their food. This may be obtained from
decayed vegetable or animal material in soil, from the bodies of
dead plants and animals, or even from foods prepared for man.
Fungi which feed upon dead organic material are known as sap-
rophytes. Examples are the mushrooms, the yeasts, molds, and
some bacteria, of which more will be learned later.

Some Parasitic Fungi. — Other fungi (and we will find this
applies to some animals as well) prefer lLiring plants or animals
for their food. Thus a tiny
plant, recently introduced
into this country, known
as the chestnut canker, 1s
killing our chestnut trees by
the thousands in the castern
part of the United States.
It produces millions of tiny
reproductive cells known as
spores; these spores, blown
about by the wind, light on
the trees, sprout, and send
in under the bark a thread-
like structure which sucks
in the food circulating in
the living cells, eventually
causing the death of the
tl‘e?. _A plant B G Chestnut trees in a New York City park:
which lives at the expense of  Killed by a parasite, the chestnut canker.
another living plant or ani-
mal is called a parasite. The chestnut canker is a dangerous
parasite. Later we shall see that animal and plant parasites de-
stroy yearly crops and trees valued at hundreds of millions of
dollars and cause untold misery and suffering to humanity.
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Another fungus which does much harm to the few trees found
in large towns and cities is the shelf or bracket fungus. The part
of the hody visible on the tree looks like a shelf or bracket, hence
the name. This bracket is in
reality the reproductive part of
the plant; on its lower surface
are formed millions of little
bodies called spores.  These
spores are capable, under favor-
able conditions, of reproducing
new plants.  The true body of
the plant, a network of threads,
is found under the bark. This
fungus begins its life as a spore
in some part of the tree which
has become diseased or broken.
Once established, 1t spreads
rapidly. There is no remedy
except to kill the tree and burn
it, so as to destroy the spores.

Shelf fungi. M : fine tiees. s 1 ‘cont
([’h()t(l&!l‘:\[)ll(“l by W. . Barbour.) Many Ine rees; sound excep

for a shght bruise or other in-

jury, are annually infeeted and eventually killed.  In cities thou-
sands of trees become mfected through careless hitehing of horses
so that the horse may gnaw the tree, thus exposing a fresh surface
on which spores may obtain lodgment and grow (see page 115).

Suggestions for Field Work. - A field (rip to a park or grove near
home may show the great destruction of timber by this means.  Count the
number of perfeet trees in a given area.  Compare it with the number of
trees attacked by the fungus.  Does the fungus appear to be transmitted
from one tree to another near at hand?  In how many instances can you
chseover the point where the fungus first attacked the tree?

Fungi of our Homes. — But not all fungi are wild. Some have
become introduced into our homes and these live on food or other
materials.  These plants are very important because of their relation
to life in a town or crowded city.!

1 xperiments on conditions favorable to growth of mold should be introduced here,
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The Growth of Bread Mold. — If a piece of moist bread is
exposed to the air of the schoolroom, or in your own kitchen for a
few minutes and then covered with a glass tumbler and kept in a
warm place, in a day or two a fuzzy whitish growth will appear on
the surface of the bread. This growth shortly turns black. If we
now examine a little piece of the
bread with a lens or low-powered
microscope, we find a tangled
mass of threads (the myeelium)
covering the surface of the bread.
From this mass of threads pro-
ject tiny upright stalks bearing
round black bodies, the fruit.
Little rootlike structures known
as rhizoids dip down into the
bread, and absorb food for its
threadlike body. The upright
threads with the balls at the end contain many tiny bodies
called spores. These spores have been formed by the division of
the protoplasm making up the fruiting bodies into many separate
cells.  When grown under favorable conditions, the spores will
produce more mycelia, which in turn bear fruiting bodies.

Physiology of the Growth of Mecld. — Molds, in order to grow
rapidly, need oxygen, moisture, and moderate heat. They seem
to prefer dark, damp places where there is not a free ecircula-
tion of air, for if the bell jar is removed from growing mold
for even a short time, the mold wilts. Too great or very little
heat will prevent growth and kill everything except the spores.
They obtain their food from the material on which they live.
This they are able to do by means of digestive enzymes given out
by the rootlike parts, by means of which the molds cling to the
bread. These digestive enzymes change the starch of the bread to
sugar and the protein to a soluble form which will pass by osmosis
into cells of the mold. Thus the mold is able to absorb food
material. These foods are then used to supply energy and make
protoplasm. This seems to be the usual method by which sapro-
phytes make use of the materials on which they live.

RN

Bread mold ; r, rhizoids; s, fruiting
bodies containing spores.
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What can Molds live On? — We have seen that black mold
lives upon bread. We would find that it or some other mold
(e.g. green or blue mold) live upon decaying or overripe fruit, —
apples, peaches, and plums being especially suseceptible to their
growth. Molds feed upon all cakes or breads, upon meat, cheese,
and many raw vegetables. They are almost sure to grow upon
flour if it is allowed to get damp. Moisture seems necessary for
their growth. Jelly is a substance particularly favorable to molds
for this reason. Shoes, leather, cloth, paper, or even moist wood
will give food enough to support their growth. At least one
troublesome disease, ringworm, 15 due to the growth of molds
in the skin.

What Mold does to Foods. — Mold usually changes the taste
of the material it grows upon, rendering it “ musty ” and some-
times unfit to eat. Eventually it will spoil food completely be-
cause decay sets in.  Deecay, as we will see later, 1s not entirely
due to mold growth, but is usually caused by another group of
organisms, the bacteria. Molds, however, in feeding do cause
chemical changes which result in decay or putrefaction. Some
molds are useful. They give the flavor to Roquefort, Gorgonzola,
Camembert, and Brie cheeses. But on the whole molas are pests
which the housekeeper wishes to get rid of.

How to prevent Molds.! — As we have seen, moisture is favorable
for mold growth; conversely, dryness is unfavorable. Inasmuch
as the spores of mold abound in the air, materials which cannot be
kept dry should be covered. Jelly after it is made should at once
be tightly covered with a thin layer of paraffin, whieh excludes the
air and possible mold spores.  Or waxed paper may be fastened
over the surface of the jelly so as to exclude the spores. To pre-
vent molds from attacking fresh fruit, the surface of the fruit
should be kept dry and, if possible, each piece of fruit should be
wrapped in paper. Why? Heating with dry heat to 212° for
a few moments will kill any mold spores that happen to be in
food. Moldy food, if heated after removing surface on which the
mold grew, is perfectly good to eat.

1 An experiment to show conditions unfavorable for growth of molds should be
shown at this point.
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Dry dusting or sweeping will raise dust, which usually contains
mold spores. Use a dampened broom or dust cloth frequently in
the kitchen if you wish to preserve foods from molds.

Other Moldlike Fungi. — Mildews are near relatives of the
molds found in our homes. They may attack leather, cloth, ete.,
in a damp house. Other allied forms may do damage to living
plants. Some of these live upon the lilac, rose, or willow. These
fungi do not penetrate the host plant to any depth, for they obtain
their food from the outer layer of cells in the leaf of their host and
cover the leaves with the whitish threads of the myeelium.
Hence they may be killed by means of applications of some
fungus-killing fluid, as Bordeaux mixture.! Among the useful
plants preyed upon by mildews are the plum, cherry, and peach
trees.  (The diseases known as black knot and peach curl are
thus caused.) Another important member of this group is the
tiny parasite found on rye and other grains, which gives us the
drug ergot.

Among other parasitic fungi are rusts and smuts. Wheat rust
is probably the most destruetive parasitic fungus. Indirectly this
parasite is of considerable importance to the citizen of a great city
because of its effect upon the price of wheat.

YEASTS IN THEIR RELATION TO MAN

Fermentation. — It is of common knowledge to country boys
or girls that the juice of fresh apples, grapes, and some other
fruits, if allowed to stand exposed to the air for a short time will
ferment. 'That is, the sweet juice will begin to taste sour and
to have a peculiar odor, which we recognize as that of aleohol.
The fermenting juice appears to be full of bubbles which rise to
the surface. If we collect enough of these bubbles of gas to make
a test, we find it to be carbon dioxide.

Evidently something changed some part of the apple or grape,
the sugar, (CsHpOg), into alcohol, 2 (C.Hq0O), and ecarbon dioxide,
2(CO,). This chemical process is known as fermentaiion.

1See Goff and Mayne, First Principles of Agriculture, page 59, for formula of
Bordeaux mixture.
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Yeast causes Fermentation. — Let us now take a compressed
yeast cake, shake up a small portion of it in a solution of mo-

lasses and water, and fill a fermentation
tube with the mixture. ILeave the tube
in a warm place overnight. In the
morning a gas will be found to have
been collected in the closed end of the
tube (see Figure on page 138). The
taste and odor of the liquid shows
aleohol to be present, and the gas, if
tested, is proven carbon dioxide.
Evidently yeast causes fermentation.

Apparatus to show effeet of
fermentation. N, molasses,
water and yeast plants; ),
bubbles of carbon dioxide.

What are Yeasts? — If now part of
the liquid from the fermentation tube
which contains the settlings be drawn

off, a drop placed on a slide and a little
weak iodine added and the mixture examined under the compound
microscope, two kinds of structures will be found (see Figure below),

starch grains which are stained
deep blue, and other smaller
ovoid structures of a brownish
yvellow color. The latter are
yeast plants.

Size and Shape, Manner of
Growth, etc. — The common
compressed yeast cake contains
millions of these tiny plants.
In its simplest form a yeast
plant is a single cell.  The
shape of such a plant is ovoid,
each cell showing under the
microscope the granular ap-
pearance of the protoplasm of
which it is formed. Look for
tiny clear arcas in the eells;

these are vacuoles, or spaces filled with fluid.
Many of the cells scem to have others

to find in a yeast cell.

Yeast and starch grains.

Notice that the
starch grains around which are clustered
yeast cells have been rounded off by the

yveast plants. How do you account

for this?

The nuecleus is hard
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attached to them, sometimes there being several in a row. Yeast
cells reproduce very rapidly by a process of budding, a part of the
parent cell forming one or more smaller daughter cells which even-
tually become free from the parent.

Conditions favorable to growth of Yeast. — Experiment. — Label three
pint fruit jars A, B, and C. Add one fourth of a compressed veast cake to
two cups of water containing two tablespoonfuls of molasses or sugar.
Stir the mixture well and divide it into three equal parts and pour them
mto the jars. Place covers on the jars. Put jar A in the ice box on the
ice, and jar B over the kitchen stove or near a radiator; pour the contents
of jar C into a small pan and boil for a few minutes. Pour back into C,
cover and place 1t next to B.  After forty-eight hours, look to see if any
bubbles have made their appearance in any of the jars. If the experiment
has been successful, only jar B will show bubbles. After bubbles have
begun to appear at the surface, the fluid in jar B will be found to have a
sour taste and will smell unpleasantly. The gas which rises to the surface,
if collected and tested, will be found to be carbon dioxide. The contents
of jar B have fermented. Evidently, the growth of yeast will take place
only under conditions of moderate warmth and moisture.

Carbohydrates necessary to Fermentation. — Sugar must be
present n order for fermentation to take place. The wild yeasts
cause fermentation of the apple or grape juice because they live
on the skin of the apple or grape. Various peoples recognize
this when they collect the juice of certain fruits and, exposing
it to the air, allow it to ferment. Such is the saki or rice wine of
the Japanese, the tuba or sap of the coconut palm of the Philippinos
and the pulqué of the Mexicans.

Beer and Wine Making. — Brewers’ yeasts are cultivated with
the greatest care; for the different flavors of beer seem to de-
pend largely upon the condition of the yeast plants. Beer is
made in the following manner. Sprouted barley, called malt, in

-which the starch of the grain has been changed to grape sugar by
digestion, is killed by drying in a hot kiln. The malt is dissolved
in water, and hops are added to give the mixture a bitter taste.
Now comes the addition of the yeast plants, which multiply rapidly
under the favorable conditions of food and heat. Fermentation
results on a large scale from the breaking down of the grape sugar,
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the alcohol remaining in the fluid, and the carbon dioxide passing
off into the air. At the right time the beer is stored either in
bottles or casks, but fermentation slowly continues, forming car-
bon dioxide in the bottles. This gives the sparkle to beer when it
is poured from the bottle.

In wine making the wild yeasts growing on the skin of the grapes
set up a slow fermentation. It takes several weeks before the
wine is ready to bottle. In sparkling wines a second fermentation
i the bottles gives rise to carbon dioxide in such quantity as to
cause a decided frothing when the bottle is opened.

Commercial Yeast. — Cultivated yeasts are now supplied in
the home as compressed or dried yeast cakes. In both cases the
yeast plants are mixed with starch and other substances and
pressed into a cake. But the compressed yeast eake must be used
fresh, as the yeast plants begin to die rapidly after two or three
days. The dried yeast cake, while it contains a much smaller
number of yeast plants, is nevertheless probably more reliable if
the yeast cannot be obtained fresh.

The cut illustrates
an experiment that
shows how yeast
plants depend upon
food in order to grow.
In each of three fer-
mentation tubes were
placed an equal
amount of a com-
pressed yeast cake.
Then tube a was
filled with distilled
water, tube b with a
solution of glucose
and water, and tube
¢ with a nutrient solution containing nitrogenous matter as well
as glucose.  The quantity of gas (CO,) in each tube is an index of
the amount of growth of the yeast cells. In which tube did the
greatest growth take place ?

a b G
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Bread Making. — Most of us are familiar with the process of
bread making. The materials used are flour, milk or water or
both, salt, a little sugar to hasten the process of fermentation, or
“rising,” as it is ealled, some butter or lard, and yeast.

After mixing the materials thoroughly by a process called “ knead-
ing,” the bread is put aside in a warm place (about 75° Fahrenheit)
to “rise.”  If we examine the dough at this time, we find it filled
with holes, which give the mass a spongy appearance.  The yeast
plants, owing to favorable conditions, have grown rapidly and filled
the eavities with carbon dioxide.  Alcohol is present, too, but this
is evaporated when the dough is baked. The baking cooks the
starch of the bread, drives off the carbon dioxide and aleohol, and
kills the yeast plants, besides forming a protective crust on the loaf.

Sour Bread. — If yeast cakes are not fresh; sour bread may result
from their use. In such yeast cakes there are apt to be present
other tiny one-celled plants, known as bacteria.  Certain of these
plants form acids after fermentation takes place.  The sour taste
of the bread is usually due to this cause. The remedy would
be to have fresh veast, to have good and fresh flour, and to have
clean vessels with which to work.

Importance of Yeasts. — Yeasts in their relation to man are
thus seen to be for the most part useful. They may get into
canned substances put up in sugar and cause them to “ work,”
giving them a peculiar flavor. But they can be easily killed by
heating to the temperature of boiling. On the other hand, yeast
plants are necessary for the existence of all the great industries
which depend upon fermentation. And best of all they give us
leavened bread, which has become a necessity to most of mankind.

BACTERIA IN THEIR RELATION TO MAN

What Bacteria do and Where They May be Found. — A walk
through a crowded city street on any warm day makes one fully
alive to odors which pervade the atmosphere. Some of these un-
pleasant odors, if traced, are found to come from garbage pails,
from piles of decaying fruit or vegetables, or from some butcher
shop in which decayed meat is allowed to stand. This character-
istic phenomena of decay is one of the numerous ways in which
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we can detect the presence of bacteria.  These tiny plants, ¢ man’s
invisible friends and foes,” are to be found ‘‘ anywhere, but not
everywhere,” in nature. They swarm in stale milk, in 1mpure
water, in soil, in the living bodies of plants and animals and in
their dead bodies as well. Most ‘“ catehing 7’ diseases we know
to be caused directly by them; the processes of decay, souring of
milk, acid fermentation, the manufacture of nitrogen for plants
are directly or indirectly due to
their presence. It will be the pur-
pose of the next paragraphs to
find some of the places where

first necessary to find some ma-
terial in which they will grow, then
kill all living matter in this food
material by heating to boiling
point (212°) for half an hour or
more (this is called sterilization),
and finally protect the -culture
medium, as this food is called, from
other living things that might
grow upon it.

One material in which bacteria seem to thrive is a mixture of
beef extract, digested protein and gelatine or agar-agar, the latter
a preparation derived from seaweed. This mixture, after ster-
ilization, is poured into flat dishes with loose-fitting covers.
These petri dishes, so called after their inventor, are the traps
im which we collect and study bacteria.

Where Bacteria might Grow. — Expose a number of these steril-
ized dishes, each for the same length of time, to some of the fol-
lowing conditions :

(a) exposed to the air of the schoolroom.

(b) exposed in the halls of the school while pupils are passing.

(c) exposed in the halls of the school when pupils are not moving.

#
i\
\ N
BR N\

| 1
J I}J bacteria may be found and how

~Ne——————— , we may know of their presence.
2 i .

: How we catch Bacteria to Stud
f,’ STERILIZIING K N v
E CHAMBER & Them. — To study bacteria it is
(5

A steam sterilizer.
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(d) exposed at the level of a dirty and much-used city street.

(e) exposed at the level of a well-swept and little-used city street.
(f) exposed in a city park.

(¢) exposed in a factory building.

(h) dirt from hands placed in dish.

(/) rub interior of mouth with finger and touch surface of dish.
(j) touch surface of dish with decayed vegetable or meat.

(1) touch surface of dish with dirty coin or bill.

() place in dish two or three hairs from boy’s head.

This list might be prolonged indefinitely.

Now let us place all of the dishes together in a moderately warm
place (a closet in the schoolroom will do) and wateh for results.
After a day or two little spots,
brown, yellow, white, or red, will
begin to appear. These spots, which
grow larger day by day, are colonies
macde up of millions of bacteria.
But probably each colony arose
from a single bacterium which got
into the dish when it was exposed
to the air.

How we may isolate Bacteria of

Certain Kinds from Others. — In

order to get a number of bacteria ' . . .
. . X i C'olonies of hacteria growing in

of a given kind to study, it becomes a petri dish.

necessary to grow them in what is
known as a pure culture. This is done by first growing the
hacteria in some medium such as beef broth, gelatin, or on
potato.!  Then as growth follows the colonies of bacteria appear
in the culture media or the beef broth becomes cloudy. If now
we wish to study one given form, it becomes recessary to isolate
them from the others. This is done by the following process:
a platinum needle is first passed through a flan e to sterilize it ;
that is, to kill all living things that may be on ne needle point.
1 For directions for making a culture medium, sce Hunter, Laboratory Problems

in Civic Biology. Culture tubes may be obtained, already prepared, from Parke,
Davis, and Company or other good chemists.
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Then the needle, which cools very quickly, is dipped in a colony
containing the bacteria we wish to study. This mass of bacteria
is quickly transferred to another
sterilized plate, and this plate is

J immediately covered to prevent
L XY \.;;-j,;‘g};».-"‘:e%%ﬁ any other forms of bacteria from
R, B AL et oGl entering. When we  have  sue-
p 7 ceeded In isolating a certain kind of
bacterium in a given dish, we are
said to have a pure culture. Hav-
& 1 fRa BN ing 0}‘)tuined a pure (:ulture.of
T X t:'rg, &.ﬁf{;ﬁ;{?‘?ﬁ;?‘a &% bacteria, they may easily be studied

TSR A
R S AR TR T

X A N R RS :

I g;,.; e oW Gelsl  under the compound microscope.
o e i NG _ X

o #?%“4 B o SF ok Size and Form. — In size, bac-

i §§£*“"§m‘{3:}* teria are the most minute plants
R S TN TR known. A bacterium of average
A pure culture nt: bacteria. Notice size is about T’(f(])ﬁ(i of an inch in
that the bacteria are all the same
size and shape. length, and perhaps 5655 of an
inch in diameter. Some species
are much larger, others smaller. A common spherical form is
=5ao0 of aninch in diameter. They are so small that several million
are often found in a single drop of impure water or sour milk.
Three well-defined forms of bacteria are recognized: a spherical
form called a coccus, a rod-shaped bacterium, the bacillus, and a
spiral form, the spirillum. Some bacteria are capable of move-
ment when living in a fluid. Such movement is caused by tiny
lashlike threads of protoplasm called flagella.  The flagella pro-
ject from the body, and by a rapid movement cause locomotion
to take place. Bacteria reproduce with almost incredible rapidity.
It is estimated that a single bacterium, by a process of division
called fission, will give rise to over 16,700,000 others in twenty-four
hours.  Under unfavorable conditions they stop dividing and form
rounded bodies called spores. This spore is usually protected by
a wall and may withstand very unfavorable conditions of dryness or
heat ; even boiling for several minutes will not kill some forms.
Where Bacteria are most Numerous. — As the result of our
experiments, we can make some generalizations concerning the
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presence of bacteria in our own environment. They are evidently
present in the air, and in greater quantity in air that is moving
than quiet air. Why?
That they stick to par-
ticles of dust can be
proven by placing a
little dust from the
schoolroom in a culture
dish. Bacteria are pres-
ent in greater numbers
where crowds of people
live and move, the air
from dusty streets of a
populous eity contains
many more bacteria
than does the air of a
village street. The air
of a city park contains
relatively few bacteria
as compared with the
near-by street. The air
of the woods or high
mountains fewer still.
Why? Our previous
experiment has shown

A figure to show the relative size and shape of

that dirt on our h{lD(lS, (1) a green mold, (2) yeast cells, and (3) differ-
the mouth and teeth ent forms of baecteria: B, bacillus; C, coccus;
) ) S, spirillum forms. The yeast and mold are
de('zlyed meat and vege- drawn to scale, the bacteria are much enlarged
tables (]il‘ty money the in proportion to the others, being actually much
T ; smaller than the mold spores seen at the top of

very hairs of our head are the picture.

all earriers of bacteria.

Fluids the Favorite Home of Bacteria. — Tap water, stand-

ing water, milk, vinegar, wine, cider all can be proven to con-
tain bacteria by experiments similar to those quoted above.
Spring or artesian well water would have very few, if any,
bacteria, while the same quantity of river water, if it held any
sewage, might contain untold millions of these little organisms.
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Foods preferred by Bacteria. — If bacteria are living and
contain no chlorophyll, we should expect them to obtain protein
food in order to grow. Such is not always the case, for some
bacteria seem to be able to build up protein out of simple inorganic
nitrogenous substances. If, however, we take several food sub-
stances, some containing much protein and others not so much, we
will find that the bacteria cause
decay in the proteins almost
at once, while other food sub-
stances are not always attacked
by them.

What Bacteria do to Foods.
— When bacteria feed upon a
protein they use part of the
materials in the food so that it
falls to pieces and eventually
rots. The material left behind
after the bacteria have finished
their meal is quite different
‘Growth of bacteria in a drop of impure TG 1 orlglnal o g Lishs=

water allowed to run down a sterilized Droken down by the action of

culture in a dish. the bacteria into gases, fluids,
and some solids. It has a characteristic “rotten’ odor and it
has in it poisons which come as a result of the work of the bac-
teria. These poisonous wastes, called ptomaines, we shall learn
more about later.

Conditions Favorable and Unfavorable to the Growth of Bacteria. —
Moisture and Dryness. — Experiment. — Take two beans, remove the skins,
crush one, soak the second bean overnight and then crush it. Place in
test tubes, one dry, the second with water. Leave in a warm place two
or three days, then smell each tube. In which is decay taking place? In
which tube are bacteria at work? How do you know?

Moisture. — Moisture is an absolute need for bacterial growth,
consequently keeping material dry will prevent the growth of
germs upon its surface. Toods, in order to decay, must contain
enough water to make them moist. Bacteria grow most freely
in fluids.
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Light. — If we cover one half of a petri dish in which bacteria
are growing with black paper and then place the dish in a light
warm place for a few days, the growth of bacteria in the light part
of the dish will be found to be checked, while growth continues in
the covered part. It is a matter of common knowledge that disease
germs thrive where dirt and darkness exist and are killed by any
long exposure to sunlight. This shows us the need of light in our
homes, especially in our bedrooms.

Air. — We have seen that plants need oxygen in order to per-
form the work that they do. This is equally true of all animals.
But not all bacteria need air to live; in fact, some are killed by
the presence of air. Just how these organisms get the oxygen
necessary to oxidize their food is not well understood. The fact
that some bacteria grow without air makes it necessary for us to
use the one sure weapon we have for their extermination, and that
is heat.

Heat. — Experiment. — Take four cultures containing bouillon, in-
oculate each tube with bacteria and plug each tube with absorbent cotton.
Place one tube in the ice box, a second tube in a dark closet at a moderate
temperature, a third in a warm place (about 100° Fahrenheit), and boil the
contents of the fourth tube for ten minutes, then place it with tube num-
ber two. In which tubes does growth take place most rapidly? Why?

Bacteria grow very slowly if at all in the temperature of an ice
box, very rapidly at the room temperature of from 70° to 90°
and much less rapidly at a higher temperature. All bacteria
except those which have formed spores can be instantly killed as
soon as boiling point is reached, and most spores are killed by a few
minutes boiling.

Sterilization. — The practical lessons drawn from sterilization
are many. We know enough now to boil our drinking water if
we are uncertain of its purity; we sterilize any foods that we
believe might harbor bacteria, and thus keep them from spoiling.
The industry of canning is built upon the principle of sterilization.

Canning. — Canning is simply a method by which first the
bacteria in a substance are killed by heating and then the
substance is put into vessels into which no more bacteria may
gain entrance. This is usually done at home by boiling the fruit

HUNTER, CIV. BI.— 10
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or vegetable to be canned either in salt and water or with sugar
and water, either of which substances aids in preventing the growth
of bacteria. The time of boiling will be long or short, depending
upon the materials to be canned.  Some vegetables, as peas, beans,
and corn, are very difficult to can, probably because of spores of
bacteria which may be attached to them. Fruits, on the other
hand, are usually mueh easier to preserve. After boiling for the
proper time, the food, now free from all bacteria, must be put into
jars or cans that are themselves absolutely sterile or free from
germs. This is done by first boiling the jars, then pouring the
boiling hot material into the hot jars and sealing them so as to
prevent the entrance of bacteria later.

Uses of Canning. — Canning as an industry is of immense im-
portance to mankind. Not only does it provide him with fruits
and vegetables at times when he could not otherwise get them,
but it also cheapens the cost of such things. It prevents the waste
of nature’s products at a time
when she is most lavish with
them, enabling man to store
them and utilize them later.
Canning has completely
changed the life of the sailor
and the soldier, who in former
times used to suffer from vari-
ous diseases caused by lack of
a preper balance of food.

Pasteurization.— Milk isone
of the most important food
supplies of a great city. It 1s
also one of the most difficult
supplies to get in good condi-
tion. This i1s in part due to
the fact that milk is produced
at long distances from the city
and must be brought first from
farms to the railroads, then shipped by train, again taken to the
milk supply depot by wagon, there bottled, and again shipped

Pasteurizing milk.  Why should this
be done ?



PLANTS WITHOUT CHLOROPHYLL 147

by delivery wagons to the consumers. When we remember that
much of the milk used im New York City is fortv-cight hours
old and when we realize that bacteria grow very rapidly in milk,
we see the need of finding some way to protect the supply so as
to make it safe, particularly for babies and young children.

This is done by pasteurization, a method named after the
French bacteriologist Louis Pasteur. To pasteurize milk we
heat it to a temperature of not over 170° Fahrenheit for from
ten minutes to half an hour. By such a process all harmful germs
will be killed and the keeping qualities of the milk greatly length-
ened. Most large milk companies pasteurize their city supply by
a rapid pasteurization at a much higher temperature, but this
method slightly changes the flavor of the milk.

Cold Storage. — Man has also come to use cold to keep bacteria
from growing in foods. The ice box at home and cold storage on a
larger scale enables one to keep foods for a more or less lengthy
period. If food is frozen, as in cold storage, it might keep without
growth of bacteria for years. But fruits and vegetables cannot
be frozen without spoiling their flavor.  And all foods after freez-
g scem particularly susceptible to the bacteria of decay.  For
that reason produets taken from cold storage must be used at once.

Ptomaines. — Many foods get their flavor from the growth of
molds or bacteria in them. Cheese, butter, the gamey taste of
certain meats, the flavor of sauerkraut, are all due to the work of
bacteria. But if bacteria are allowed to grow so as to become
very numerous, the ptomaines whieh result from their growth in
foods may poison the person eating such foods. Irequently
ptomaine poisoning occeurs in the summer time hecause of the rapid
growlh of bacteria.  Much of the indigestion and diarrheea which
attack people during the summer is doubtless due to this kind of
poisoning.

Preservatives.! — This leads us to ask if we may not preserve
food in ways other than those mentioned so as to protect our-
selves from danger of ptomaine poisoning. Many substances
check the development of bacteria and in this way they preserve

1 Perform experiment here to determine the value of different preservatives.
Use sugar, salt, vinegar, boracic acid, benzoic acid, formaldehyde, and aleohol.
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the food. Preservatives are of two kinds, those harmless to man
and those that are poisonous. Of the former, salt and sugar are
examples ; of the latter, formaldehyde and possibly benzoie acid.

Sugar. — We have noted the use of sugar m canning. Small
amounts of sugar will be readily attacked by veasts, molds, and
bacteria, but a 40 to 50 per cent solution will effectually keep out
bacteria.  Preserves are fruits boiled in about their own weight of
sugar. Condensed milk is preserved by the sugar added to it ; so
are candied and, in part, dried fruits.

Salt. — Salt has been used for centuries to keep foods. Meats
are smoked, dried, and salted ; some are put down in strong salt
solutions. Fish, especially cod and herring, are dried and salted.
The keeping of butter is also due to the salt mixed with it.  Vine-
gar is another preservative. It, like salt, changes the flavor of
materials kept in it and so cannot come into wide use. Spices
are also used as preservatives.

Harmful Preservatives. — Certain chemicals and drugs, used as
preservatives, seem to be on the border line of harmfulness.
Such are benzoic acid, borax, or boracie acid. Such drugs may
be harmless in small quantities, but unfortunately in canned goods
we do not always know the amount used.  The national govern-
ment in 1906 passed what is known as the Pure Food Law, which
makes it illegal to use any of these preservatives (excepting ben-
zoie aeid in very small amounts).  Food which contains this
preservative will be so labeled and should not be given to chil-
dren or people with weak digestion.  Unfortunately people do
not always read the labels and thus the pure food law 1s meffec-
tive in its working. Infrequently formaldehyde or other pre-
servatives are used in milk. Such treatment renders milk unfit
for ordinary use and is an illegal process. .

Disinfectants.! —— Frequently it becomes necessary to destroy
bacteria which cause diseases of various kinds. This process is
called disinfecting. The substances commonly used are carbolie
acid, formalin or formaldehyde, lysol, and bichloride of mercury.

I Experiment to determine the most effective disinfectants. Use tubes of
houillon containing different strength solutions of formaldehyde, 1ysol, iodine, car-
bolic acid, and bichloride of mereury. Results, Coneclusions.
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Of these, the last named iz the most powerful as well as the most
dangerous to use. As it attacks metal, it should not be used in a
metal pail or dish. It is commonly put up in tablets which are
mixed to form a 1 to 1000 solution. Such tablets should be care-
fully safeguarded because of possible accidental poisoning.

Formaldehyde used in liquid form 1s an excellent disinfectant.
When burned in a formalin candle, it sets free an intensely
pungent gas which is often used for disinfecting sick rooms after
the patient has been removed.

Carbolic acid is perhaps the best disinfectant of all.  If used
in a solution of about 1 part to 25 of water, it will not burn the skin.

It is of particular value
to disinfect skin wounds, D B\[*iD OrcauiC

as it heals as well as [ e YILAMTTER
cleanses when used n a f X

weak solution. Itsrather
pleasant odor makes it
useful to cover up un-
pleasant smells of the
sick room.

The fumes of burning
sulphur, which are =so
often used for disinfect-
ing, are of little real
ralue.

Bacteria cause Decay.
— Let us next see In
what ways the bacteria

SoLUBLE
directly 1nfluence man Ni1i'TRATES

upon the earth. Have This shows how organic matter is broken down

by bacteria =o it may be used again by green

vou ever stopped to con-
plants.

sider what life would be
like on the earth if things did not decay? The sea would soon be
filled and the land covered with dead bodies of plants and animals.
Conditions of life would become impossible and living things on
the earth would cease to exist.

Fortunately, bacteria cause decay. All organic matter, in
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whatever form, is sooner or later decomposed by the action of
untold millions of bacteria which live in the air, water, and soil.
These soil bacteria are most numerous in rich damp soils contain-
ing large amounts of organic material. They are very numerous
around and in the dead bodies of plants and animals.  To a con-
siderable degree, then, these bacteria are useful in feeding upon
these dead bodies, which otherwise would soon cover the surface
of the earth to the exelusion of everything else.  Bacteria may
thus be seavengers. They oxidize organic materials, changing
them to compounds that can be absorbed by plants and used
in building protoplasm. With-
out bacteria and fungi it would
be impossible for life to exist
on the earth, for green plants
would be unable to get the
raw food materials in forms
that could be used in making
food and living matter. In
this respect bacteria are of the
greatest service to mankind.

Relation to Fermentation. —
They may incidentally, as a
result of this process of decay,
Microseopic appearance of ordinary milk, —continue the process of fer-

Shlo.“'i“g fat globules and bacteria  phepntation begun by the yeasts.

vhich cause the souring of milk.

In making vinegar the yeasts
first make alcohol (see page 135) which the bacteria change to
acetic acid. The lactic acid bacteria, which sour milk, changing
the milk sugar to an acid, grow very rapidly in a warm tempera-
ture; hence milk which is cooled immediately and kept cool or
which is pasteurized and kept in a cool place will not sour readily.
Why? These same lactic acid bacteria may be useful when they
sour the milk for the cheese maker.

Other Useful Bacteria. — Certain bacteria give flavor to cheese
and butter, while still other bacteria aid in the ‘“ curing’ of
tobacco, in the produetion of the dye indigo, in the preparation of
certain fibers of plants for the market, as hemp, flax, ete., in the




PLANTS WITHOUT CHLOROPHYLL 151

rotting of animal matter from the skeletons of sponges, and in the
process of tanning hides to make leather.

Nitrogen-fixing Bacteria. — Still other bacteria, as we have
seen before, ‘ change over ’’ nitrogen in organic material in the
soil and even the free nitrogen of the air so that it can be used by
plants in the form of a compound of nitrogen. The bacteria
living in tubercles on the
roots of clover, beans, peas,
ete., have the power of
thus “fixing” the free
nitrogen in the air found
between particles of soil.
This fact is made use of by
farmers who rotate their
erops, growing first a erop
of clover or other plants
having root tubercles,
which produce the bac-
teria, then plowing these
in and planting another
crop, as wheat or corn, on
the same area. The latter
plants, making use of the
nitrogen compounds there,
produce a larger crop than
when grown in ground

€ . A field of alfalfa, a plant which harbors the
containing less nitrogenous nitrogen-fixing bacteria.

material.

Bacteria cause Disease. — The most harmful bacteria are those
which cause diseases of plants and animals. Certain diseases of
plants — blights, rots, and wilts — are of bacterial nature. These
do much annual damage to fruits and other parts of growing
plants useful to man as food. But by far the most important
are the bacteria which cause disease in man. They accomplish
this by becoming parasites in the human body. Millions upon
millions of bacteria exist in the human body at all times —in the
mouth, on the teeth, in the blood, and especially in the lower
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part of the food tube. Some in the food tube are believed to be
useful, some harmless, and some harmful; others in the mouth
cause decay of the teeth, while a few kinds, if present in the
body, may cause disease.

It is known that baecteria, like other living things, feed and give
off organic waste from their own bodies. This waste, called a toxin,

Tubercles on the roots of the soy bean. They contain the nitrogen-fixing bacteria.
(Fletcher's Soils.) Copyright by Doubleday, Page and Company.

1s poison to the host on which the bacteria live, and it is usually
the production of this toxin that causes the symptoms of disease.
Some forms, however, break down tissues and plug up the small
blood vessels, thus causing disease.

Diseases caused by Bacteria. — It is estimated that bacteria
cause annually over 50 per cent of the deaths of the human race.
As we will later see, a very large proportion of these diseases
might be prevented if people were eduecated sufficiently to
take the proper precautions to prevent their spread. These pre-
cautions might save the lives of some 3,000,000 of people yearly
in Europe and America. Tuberculosis, typhoid fever, diphtheria,
pneumonia, blood poisoning, syphilis, and a seore of other germ
diseases ought not to exist. A good deal more than half of the
present misery of this world might be prevented and this earth
made cleaner and better hy the cooperation of the voung people
now growing up to be our future home makers.

How we take Germ Diseases. — (Germ or contagious diseases
either enter the body by way of the mouth, nose, or other body
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openings, or through a
break in the skin. They
may be carried by means
of air, food, or water,
but are usually trans-
mitted directly from the
person who has the
disease to a well per-
son. This may be done
through personal con-
tact or by handling
articles used by the
sick person or by drink-
ing or eating foods
which have received

some of the germs. A single cell seraped from the roof of the mouth

From this it follows and highly magnified. The little dots are
) . t e bacteria, most of which are harmless. Notice

that if we know the the comparative size of bacteria and cell.

methods by which a
given disease 13 communicated, we may protect ourselves from it
and aid the civie authorities in preventing its spread.
Tuberculosis. — The one disease responsible for the greatest
number of deaths — perhaps one seventh of the total on the
elobe —is tuberculosis.
It iz estimated that of
all people alive in the
United States to-day,
5,000,000 will die of
this disease. But this
disease is slowly but
surely being overcome.
It is believed that
e <o : @ within perhaps one
~ Each Bead Means ( an | hundred years, with the

v b i bt A M bt

£

MPHTHERIA 1752

MEASLES 972

ald of good laws and
sanitary living, it will

Deaths from tuberculosis compared with other
contagious diseases in the city of New York y
in 1908, be almost extinet.
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Tuberculosis is caused by the growth of baecteria, called the
tubercle bacilli, within the lungs or other tissues of the human body.
Here they form little tubers full of germs, which close up the deli-
cate air passages in the lungs, while in other tissues they give rise
to hip-joint disease, serofula, lupus, and other diseases, depending
on the part of the body they attack. Tuberculosis may be con-
tracted by taking the bacteria into the throat or lungs or possi-
bly by eating meat or
drinking  milk  from
tubercular cattle. Es-
pecially is it communi-
g P~ cated from a consump-

\ tive to a well person by
\ kissing, by drinking or

| 300 L eating from the same
cup or plate, using the

\ same towels, or in com-

~ | ing in direct contact

400 with the person having
the germs in his body.
Although there are al-
100 ways some of the germs

in the air of an ordinary
city street, and though
we may take some of
these germs into our
bodies at any time, yet

This curve shows a decreasing death rate from the bacteria seem able
tuberculosis.  Explain.

18[50 1860 1870 (880 1890 1900 1906

to gain a foothold only
under certain conditions. It is only when the tissues are in a
worn-out condition, when we are “run down,” as we say, that
the parasite may obtain a foothold in the lungs. Even if the
dizease gets a foothold, it is quite possible to cure it if it is
taken in time. The germ of tuberculosis is killed by exposure
to bright sunlight and fresh air.  Thus the course of the disease
may be arrested, and a permanent cure brought about, by
a life in the open air, the patient sleeping out of doors, taking
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plenty of nourishing food and very little exercise. See also
Chapter XXIV.

Typhoid Fever. — One of the most common germ diseases in
this country and Europe is typhoid fever. This is a disease which
is conveyed by means of water and food, especially milk, oysters,
and uncooked vegetables.  Typhoid fever germs live in the intes-
tine and from there get into the blood and are carried to all parts
of the body. A powon which they give off causes the fever so
characteristic of the disease.  The germs multiply very rapidly

This figure shows how sawage from a cesspool (¢) might get into the
water supply: bm, layer of rock; w, wash water.

in the intestine and are passed off from the body with the excreta
from the food tube. If these germs get into the water supply
of a town, an epidemic of typhoid will result. Among the recent
epidemics caused by the use of water containing typhoid germs
have been those in Butler, Pa., where 1364 persons were made ill ;
Ithaca, N. Y., with 1350 cases; and Watertown, N. Y., where
over 5000 cases occurred. Another source of infection is milk.
Frequently epidemies have occurred which were confined to users
of milk from a certain dairy. Upon investigation it was found
that a case of typhoid had occurred on the farm where the milk
came from, that the germs had washed into the well, and that this
water was used to wash the milk cans.  Once in the milk, the bac-
teria multiplied rapidly, so that the milkman gave out cultures of
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typhoid in his milk bottles. Proper safeguarding of our water and
milk supply is necessary if we are to keep typhoid away.

Blood Poisoning. — The bacterium causing blood poisoning
is another toxin-forming germ. It lives in dust and dirt and is
often found on the skin. It enters the body through cuts or bruises.
[t seems to thrive best in less oxygen than is found in the air. It
15 therefore mmportant not to close up with eourt-plaster wounds
which such germs may have entered. It, with typhoid, 13 respon-
sible for four times as many deaths as bullets and shells in time
of battle. The wonderfully small death rate of the Japanese army
in their war with Russia was due to the fact that the Japanese
soldiers always boiled their drinking water before using it, and
their surgeons always dressed all wounds on the battlefield, using
powerful antizeptics in order to kill any bacteria that might have
lodged in the exposed wounds.

Other Diseases. — Many other diseases have been traced to
baeteria. Diphtheria is one of the best known. As it is a throat

disease, it may easily

be conveyed from

. one person toanother
: by kissing, putting

into the mouth ob-
jects which have

S .__....H._.‘A
_—m '..““‘-.

. A' come in contaet with
g3 the mouth of the
patient, or by food
e s oonagrsTen 4oy into which the germs

This figure shows how a milk route might be instru- have been carried
mental in spreading diphtheria. X is a farm on ! ‘ . =
which a case of diphtheria oeeurred that was re- Another disease
sponsible for all the cases along milk routes A and L0 2 . p 5
F in Hyde Park, Dorchester, and NMilton. How which DY ()})C'tbl)
would vou explain this ? causes more misery

in the world than any
other germ disease is syphilis. Hundreds of thousands of new-
born babies die annually or grow up handicapped by deformities
from this dread scourge. Syphilis and gonorrhea, both diseases
of the same sort and contracted in the same manner, hand down
to innocent wives and still more innocent children a heritage of
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disease ‘““even unto the third and fourth generation.”  Grippe,
pneumonia, whooping cough, and colds are believed to be caused
by bacteria. Other diseases, as malaria, yellow fever, sleeping
sickness, and probably smallpox, scarlet fever, and measles, are
due to the attack of one-celled animal parasites. Of these we
shall learn later in Chapter XV.

Immunity. — It has been found that after an attack of a germ
disease the body will not soon be again attacked by the same
disease. This immunity, of which we will learn more later, seems
to be due to a manufacture in the blood of a substance which
fights the bacteria or their poisons. If a person keeps his body
in good physical condition and lives carefully, he will do much
toward acquiring this natural immunity.

Acquired Immunity. — Modern medicine has discovered means
of protecting the body from some contagious diseases. Vaccina-
tion as protection against smallpox, the use of antitoxins (of which
more later) against diphtheria, and inoculation against typhoid
are all ways m which we may be protected against diseases.

Methods of fighting Germ Diseases. — As we have seen, dis-
eases produced by bacteria may be caused by the bacteria being
directly transferred from one person to another, or the disease
may obtain a foothold in the body from food, water, or by taking
them into the blood through a cut or a wound or a body opening.

It is evident that as individuals we may each do something to
prevent the spread of germ diseases, especially in our homes. We
may keep our bodies, especially our hands and faces, clean.  Sweep-
ing and dusting may be done with damp cloths so as not to raise a
dust ; our milk and water, when from a suspicious supply, may be
sterilized or pasteurized. Wounds through which bacteria might
obtain foothold in the body should be washed with some antiseptic
such as carbolic acid (1 part to 25 water), which kills the germs.
In a later chapter we shall learn more of how we may codperate
with the authorities to combat disease and make our city or town
a better place in which to live.!

1 Teachers may take up parts or all of Chapter XXIV at this point. I have
found it advisable to repeat much of the work on bacteria after the students have
taken up the study of the human organism.
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XII. THE RELATIONS OF PLANTS TO ANIMALS

Problems.— To determine the deneral biolodical relations ex-
isting between plants and animals.

() As shown in a balanced aquariun.

() s shown in hay infusion.

SUGGESTIONS FOR LABORATORY WORK

13

Demonstration of life in a ‘“‘balanced” and ‘‘unbalanced’ aquarium. —

Determination of factors causing balance.
Demonstration of hay infusion. — Examination to show forms of animal

and plant life.
Tabular comparison between balanced aquarium and hay infusion.

Some Ways in which Plants affect Animals. — We have been
studying the life of plants in order better to understand the life
of animals and men. We have seen first that green plants play
indirectly a tremendous part in man’s welfare by supplying him
with food. We have found that the colorless plants directly
affected his welfare by causing disease, and by causing decay,
thus making usable the nitrogen locked up in dead bodies of plants
and animals, and by some even supplying nitrogen from the at-
mosphere. The dependence of animals upon plants has been
shown and the interdependence of plants on animals has also been
seen in ecross-pollination and in the supply of raw food materials
to plants by animals.

Study of a Balanced Aquarium. — Perhaps the best way for us
to understand the interrelation between plants and animals is to
study an aquarium in which plants and animals live and in which
a balance has been established between the plant life on one side
and animal life on the other. Aquaria containing green pond
weeds, either floating or rooted, a few snails, some tiny animals
known as water fleas, and a fish or two will, if kept near a light

window, show this relation.
159
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We have seen that green plants under favorable conditions of
sunlight, heat, moisture, and with a supply of raw food materials,
give oft oxygen as a by-product while manufacturing food in their
green cells. We know the necessary raw materials for starch
manufacture are carbon dioxide and water, while nitrogenous
material is necessary for the making of proteins within the plant.

A balanced aquarium. Explain the term ** balanced.”

In previous experiments we have proved that carbon dioxide is
given off by any living thing when oxidation occurs in the body.
The crawling snails and the swimming fish give off ecarbon dioxide,
which is dissolved in the water ; the plants themselves, at all times,
oxidize food within their bodies, and so must pass off some car-
bon dioxide. The green plants in the daytime use up the carbon
dioxide obtained from the various sources and, with the water
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taken in, manufacture starch.  While this process is goINg 0N, OXy-
gen 1s given off to the water of the aquarium, and this free oxygen
i1s used by the animals there.

But the plants are continually growing larger. The snails and
fish, too, eat parts of the plants. Thus the plant life gives food
to the animals within the aquarium.
The animals give off certain ni-
trogenous wastes of which we shall % \Ligt
learn more later. These materials,
with other nitrogenous matter from l
the dead parts of the plants or C&DROPHYL
animals, form part of the raw PLangs
material used for protein manu-
facture in the plant. This nitrog- HLe/at.
enous matter i1s prepared for use
by several different kinds of bac-

FSTARCH
A\ —5uanr
<«—10w
<—1tProTEN

This diagram shows that plants and

teria which first break the dead animals on the ecarth hold the
o o o i 7 same relation to cach other as
odles downr and then give 1 0 plants and animals in a balanced

the plants in the form of soluble aquarium.  Explain the diagram
nitrates. The green plants manu- e R
facture food, the animals eat the plants and give off organic waste,
from which the plants in turn make their food and living matter.
The plants give off oxygen to the
animals, and the animals give car-
bon dioxide to the plants. Thus a
balance exists between the plants
and animalsin the aquarium. Make
a table to show this balance.
Relations between Green Plants
The carbon and oxygen eycle in the and Animals. — What goes on in
balanced aquarium. Trace by the aquarium is an example of the
means of the arrows the carbon o1, 341 existing between all green

from the time plants take it in 3
as CO; until animals give it off. plants and all animals. Every-

Show what happens to theoxyeen.  whore in the world green plants
are making food which becomes, sooner or later, the food of
animals. Man does not feed to a great extent upon leaves, but

he eats roots, stems, fruits, and seeds. When he does not feed
HUNTER, CIV. BI.— 11
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directly upon plants, he eats the flesh of plant eating animals,

which in turn feed directly upon plants.

And so 1t is the world

over; the plants are the food makers and supply the animals.

Carbon dioxide

l (COy)

Water
&igm
Plants

with chlorophyll
build up complex
organic substances

Simple Salts

Ammonia
— -
(NHj;) They store up
energy from the sun
in the process

and

R

Energy from sun,

and plants without

which tear down complex
organic substances
and set free energy

Carbon dioxide

(COy)
Water

/(HQO)

Animals

chlorophyll
Ammonia
—_—

(NH;)

in the process in
form of heat

/o) \

Energy set free
as heat.

The relations between green plants and animals.

Green plants also give a very considerable amount of oxygen to
the atmosphere every day, which the animals may use.

The Nitrogen Cycle. — The animals in their turn supply much
of the carbon dioxide that the plant uses in starch making. They

Proteids

Plant Life

Nitrous

()"t,- Nitrites
!12 s tes =< Nitric Bacteria
Qil)
The nitrogen eyele. Trace the nitrogen from
1ts source in the air until it gets back again
into the air.

the air.

plants and animals are limited in the amount available.

also supply some of the
nitrogenous matter used by
the plants, part being given
the plants from the dead
bodies of their own rela-
tives and part being pre-
pared from the nitrogen of
the air through the agency
of bacteria, which live
upon the roots of certain
plants. These bacteria are
the only organisms that
can take nitrogen from

Thus, in spite of all the nitrogen of the atmosphere,

And the
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available supply is used over and over again, perhaps in nitrog-
enous food by an animal, then it may be given off as organic
waste, get into the soil, and be taken up by a plant through the
roots. Eventually the nitrogen forms part of the food supply in
the body of the plant, and then may become part of its living
matter. When the plant dies, the nitrogen is returned to the soil.
Thus the usable nitrogen is kept in circulation.!

Symbiosis. — We have seen that in the balanced aquarium
the animals and plants, in a wide sense, form a sort of unconscious
partnership. This process of Living together for mutual advantage
1s called symbiosis. Some animals thus combine with plants;
for example, the tiny animal known as the hydra with certain of
the one-celled alga, and, if we accept the term in a wide sense, all
green plants and animals live in this relation of mutual give and
take. Animals also frequently live in this relation to each other,
as the crab, which lives within the shell of the oyster; the sea
anemones, which are carried around on the backs of some hermit
crabs, aiding the erab in protecting it from its enemies, and being
carried about by the crab to places where food is plentiful.

A Hay Infusion. — Still another example of the close relation
between plants and animals may be seen in the study of a hay
infusion. If we place a wisp of hay or straw in a small glass jar
nearly full of water, and leave it for a few days in a warm room,
certain changes are seen to take place in the contents of the jar;
after a little while the water gets cloudy and darker in color, and a
scum appears on the surface. If some of this scum is examined
under the compound microscope, it will be found to consist almost
entirely of bacteria.  These bacteria evidently aid in the decay
which (as the unpleasant odor from the jar testifies) is beginning
to take place. As we have learned, bacteria flourish wherever the
food supply is abundant. The water within the jar has come to
contain much of the food material which was once within the
leaves of the grass, — organic nutrients, starch, sugar, and pro-
teins, formed in the leaf by the action of the sun on the chlorophyll

1 A small amount of nitrogen gas is returned to the atmosphere by the action of
the decomposing bacteria on the ammonia compounds in the soil, (See figure of
nitrogen cycle.)
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of the leaf, and now released into the water by the breaking down
of the walls of the cells of the leaves. The bacteria themselves
release this food from the hay by causing it to decay. After a
few days small one-celled animals appear; these multiply with
wonderful rapidity, so that in some cases the surface of the water
scems to be almost white with active one-celled forms of life.  If
we ask ourselves where these animals come from, we are forced

Life in the late stage of a hay infusion. B, bacteria, swimming or forming masses
of food upon which the one-celled animals, the parameecia, are feeding:
G, gullet; F.V. food vacuole; ('.V. contractile vacuole; P, pleurococeus;
P.D., pleurococeus dividing. - (Drawn from nature by J. W. 'Feitz.)

to the conctusion that they must have been in the water, m the
air, or on the hay. Hay is dried grass and may have been cut
in a field near a pool containing these creatures. When the
pool dried up, the wind may have scattered some of these little
organisms in the dried mud or dust. Some may have existed in
a dormant state on the hay and the water awakened them to active
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life. In the water, too, there may have been some living eells,
plants and animals.

At first the multiplication of the tiny animals within the hay
infusion is extremely rapid; there is food in abundance and near
at hand. After a few days more, however, several kinds of one-
celled animals may appear, some of which prey upon others.  Con-
sequently a struggle for life takes place, whieh becomes more and
more intense as the food from the hay is used up. Eventually
the end comes for all the animals unless some green plants obtain
a foothold within the jar. If such a thing happens, food will be
manufactured within their bodies, a new food supply arises for the
animals within the jar, and a balance of life may result.
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XIII. SINGLE-CELLED ANIMALS CONSIDERED A=
ORGANISMS

Problems. — To cdetermine :

() How « one-celled animal is influenced by its environ-
ment.

(b)) How a single cell performs its functions.
(¢) The structure of « sindle-celled animal.

LABORATORY SUGGESTIONS

Laboratory study. — Study of parameecinm under compound microscope
in its relation to food, oxygen, ete.  Determination of method of move-
ment, turning, avoiding obstructions, sensitiveness to stimuli.  Drawings
to illustrate above points.

Latosratory demonstration. — Living paramecium to show strueture of
cell.  Demonstration with carmine to show food vacuoles, and action of
cilia. Use of charts and stained specimens to show other points of cell
structure. Laboratory demonstration of fission.

The Simplest Plants. — We have seen that perhaps the simplest
plant would be exemplified by one of the tiny bacteria we have
just read about. A typical one-celled plant, however, would
contain green coloring matter or chlorophyll, and would have the
power to manufacture its own food under conditions
giving it a moderate temperature, a supply of water,
oxygen, carbon dioxide, and =sunlight. Such a
simple plant is the pleurococcus, the ““ green slime "
Pleurococens. A seen on the shady sides of trees, stones, or city

]‘)i;‘lt ().:11111.1;)19 houses. This plant would meet one definition of a

cell, as it is a minute mass of protoplasm contain-

ing a nucleus. It is surrounded by a wall of a woody material

formed by the activity of the living matter within the cell. It also

contains a little mass of protoplasm colored green.  Of the work

of the chlorophyll in the manufacture of organic food we have
166
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already learned. Such is a simple plant cell. Let us now
examine a simple animal cell in order to compare it with that
of a plant.

Where to find Parameecium. — If we examine very carefully
the surface of a hay infusion, we are likely to notice in addition to
the scum formed of bacteria, a mass of whitish tiny dots collected
along the edge of the jar close to the surface of the water. More
attentive observation shows us that these objects move, and that
they are never found far from the surface.

The Life Habits of Paramcecium. — If we place on a slide a drop
of water containing some of these moving objects and examine
it under the compound microscope, we find each minute whitish
dot 1s a cell, elongated, oval, or elliptical in outline and somewhat
flattened. This is a one-celled animal known as the paramaecium
or the slipper amimalcule (because of its shape).

Seen under the low power of the microscope, it appears to he
extremely active, rushing about now rapidly, now more slowly,
but seemingly always taking a definite course. The narrower end
of the body (the anterior) usually goes first. If it pushes its way
past any dense substance in the water, the cell body is seen to
change its shape temporarily as it squeezes through. I

Response to Stimuli. — Many of these little creatures may be
found collected around masses of food, showing that they are at-
tracted by it. In another part of the slide we may find a number
of the paramcecia lying close to the edge of an air bubble with
the greatest possible amount of their surface exposed to its
surface.  These animals are evidently taking in oxygen by
osmosis. They are breathing. A careful inspection of the jar
containing paramcecia shows thousands of tiny whitish bodies
collected near the surface of the jar. In the paramcecium, as
in the one-celled plants, the protoplasm composing the ecell
responds to certain agencies acting upon it, coming from without ;
these agencies we call stimuli. Such stimuli may be light, differ-
ences of temperature, presence of food, electricity, or other factors
of its surroundings. Plant and animal cells may react differently
to the same stimulus. In general, however, we know that proto-
plasm is 7irritable to some of these factors. To severe stimuli,
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protoplasm usually responds by contracting, another power which
it possesses. We know, too, that plant and animal cells take in
food and change the food to protoplasm, that is, that they assimz-
late food ; and that they may waste away and repair themselves.
Finally, we know that new plant and animal cells are reproduced
from the original bit of protoplasm, a single cell.

The Structure of Paramcecium. — The cell body is almost
transparent, and consists of semifluid protoplasm which has a
granular grayish appearance under the
microscope. This protoplasm appears to
be bounded by a very delicate membrane
through which project numerous delicate
threads of protoplasm called c¢ilva. (These
are usually invisible under the micro-
scope).

The locomotion of the paramceecium is
caused by the movement of these cilia,
which lash the water like a multitude of
tiny oars. The ecilia also send particles
of food into a funnel-like opening, the
gullet, on one side of the cell. Once in-
A paramcecium. c.2., contrac- Sid(l the Cell body, the particles Of fOO(‘l

tile vacuole; f.»., food . . .

vacuole; m, mouths ma.n,, Materials are gathered into little balls

macronucleus; mi.n., mi- within the almost transparent proto-

eronucleus; w.v., water , ;

e plasm. These masses of food seem to be

inclosed within a little area containing
fluid, called a vacuole. Other vacuoles appear to be clear; these
are spaces in which food has been digested. One or two larger
vacuoles may be found ; these are the contractile vacuoles; their
purpose seems to be to pass off waste material from the cell
body. This is done by pulsation of the vacuole, which ultimately
bursts, passing fluid waste to the outside. Solid wastes are passed
out of the cell in somewhat the same manner. No breathing
organs are seen, because osmosis of oxygen and carbon dioxide
may take place anywhere through the cell membrane. The
nucleus of the cell is not easily visible in living specimens.
In a cell that has been stained it has been found to be a double
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structure, consisting of one large and one
small portion, called, respectively, the ma-
cronucleus and the micronucleus.
Reproduction of Paramcecium. — Some-
times a paramcecium may be found in the
act of dividing by the process known as
fission, to form two new cells, each of which
contains half of the original cell. This is a
method of asexual reproduction. The origi-
nal cell may thus form in succession many
hundreds of cells in every respect like the PpParamecium dividing by
original parent cell. R
Ameeba.! — In order to understand more  ar7¢..  micronucleus.
fully the life of a simple bit of protoplasm, %\lflt‘(’)rn )S‘“‘]g“'i“k 2l
let us take up the study of the amwba, a
type of the simplest form of animal life. Unlike the plant and
animal cells we have examined, the amceba has no fixed form.
Viewed under the compound miero-
scope, it has the appearance of an
irregular mass of granular proto-
plasm. Its form is constantly
changing as it moves about. This
is due to the pushing out of tiny
projections of the protoplasm of
the cell, called pseudopodia (false
feet). The locomotion is accom-
plished by a streaming or flowing
of the semifluid protoplasm. The
pseudopodia are pushed forward in
the direction which the animal is

Amaeba, with pseudopodia (P.) ex-
tended ; EC, ectoplasm; END,en- to g0, the rest of the’ l)()d}' follow-

doplasm ; the dark area (N.) is j s . ar
; ing. In the central part of the
the nucleus. (Frem a photograph & & !

loaned by Professor G. N. Calkins.) cell 1s the mnucleus. This im-

1t Ameebse may be obtained from the hay infusion, from the dead leaves in the bot-
tom of small pools, from the same source in fresh-water aquaria, from the roots of
duckweed or other small water plants, or from green alge growing in quiet localities.
No sure method of obtaining them can be given.
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portant organ is difficult to see, except in cells that have been
stained.

Although but a single cell, still the ameeba appears to be aware
of the existence of food when it is near at hand. Food may be
taken into the body at any point, the semifluid protoplasm simply
rolling over and engulfing the food material. Within the body,
as in the paramcecium, the food becomes inclosed within a fluid
space or vacuole. The protoplasm has the power to take out such
material as it can use to form new protoplasm or give energy.
Circulation of food material is
accomplished by the constant
streaming of the protoplasm
within the cell.

¥

\ = ) rm
) ;;{f (\\ The cell absorbs oxygen
“égg;s &*’ from the water by osmosis
LG B . .
© through its delicate mem-

brane, giving up carbon dioxide
in return. Thus the cell
“breathes 7 through any part
of its body covering.

Waste nitrogenous products
formed within the cell when
work is done are passed out
by means of the contractile

Amaeeba, showing the changes which take vacuole.

place during division of the cell. The The mnm})a’ like other one-

dark body in each figure is the nu- I o

cleus; the transparent circle, the con- celled organisms, reproduces

tractile vacuole; the large granular bv the process of fission. A

masses, the food wvacuoles. Much 3 .. ol o

e niivacl single cell divides by splitting

into two others, each of which

resembles the parent cell, except that they are of less bulk.
When these become the size of the parent ameaeba, they each in
turn divide. This is a kind of asexual reproduetion.

When conditions unfavorable for life come, the amaba, like
some one-celled plants, encysts itself within a membranous
wall. In this condition it may become dried and be blown

through the air. Upon return to a favorable environment, it
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begins life again, as before. In this respect it resembles the

spore of a plant.

The Cell as a Unit. — In the daily life of a one-celled animal we
find the single cell performing all the general activities which we
shall later find the many-celled animal is able to perform. In the
amceba no definite parts of the
cell appear to be set off to per-
form certain functions; but
any part of the cell can take in
food, can absorb oxygen, can
change the food into proto-
plasm, and excrete the waste
material. The single cell 1s, in
fact, an organism able to carry
on the business of living almost
as effectually as a very com-
plex animal.

Complex One-celled Ani-
mals. — In the parammecium
we find a single cell, but we
find certain parts of the cell
having certain definite funec-
tions: the cilia are used for
locomotion ; a definite part of
the cell takes in food, while the
waste passes out at another
definite spot. In another one-
celled animal called vorticella, Vorticella. ¢, gullet; n, nucleus; cv, con-
part of the cell has become tractile vacuole ; a, axis; s, sheath; fo,
elongated and is contractile. 2){;::,210;3(’)11010 (From Herrick’s General
By this stalk the little animal '
is fastened to a water plant or other object. The stalk may be said
to act like a muscle fiber, as its sole function seems to be move-
ment ; the cilia are located at one end of the cell and serve to
create a current of water which will bring food particles to the
mouth. Here we have several parts of the cell, each doing a dif-
ferent kind of work. This is known as physiological division of labor.
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Habitat of Protozoa. — Protozoa are found almost everywhere
in shallow water, especially close to the surface. They appear
to be attracted near to the surface by the supply of oxygen.
Every fresh-water lake swarms with them; the ocean contains
countless myriads of many different forms.

Use as Food. — They are so numerous in lakes, rivers, and the
ocean as to form the food for many animals higher in the scale of
life.  Almost all fish that do not take the hook and that travel
in schools, or companies, migrating from one place to another,
live partly on such food. Many feed on slightly larger animals,
which in turn eat the Protozoa. Such fish have on each side of the
mouth attached to the gills a series of small structures looking like
tiny rakes. These are called the ¢ill rakers, and aid in collecting
tiny organisms from the water as it passes over the gills.  The
whale, the largest of all mammals, strains protozoans and other
small animals and plants out of the water by means of hanging
plates of whalebone or baleen, the slender filaments of which form
a sieve from the top to the bottom of the mouth.

Protozoa cause Disease. — Protozoa of certain kinds play an
important part in causing malaria, yellow fever, and other diseases,
as we shall see later.! (See page 217.)
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XIV. DIVISION OFF LABOR. THE VARIOUS FORMS OF
PLANTS AND ANIMALS

Problems. — The development and forms of plants.

The development of a simple animal.

What is division of labor? In what does it vesult?

How to know the chief characters of some Ireat animal
Srowps.

LABORATORY SUGGESTIONS

A visit to a botanical garden or laboratory demonstration. — Some of the
forms of plant life. Review of essential facts in development of bean
or corn embryo.

Demonstration. — Charts or models showing the development of a many-
celled animal from egg through gastrula stage.

Demonstration. — Types which illustrate increasing complexity of body
form and division of labor.

Museum trip. — To afford pupil a means ol identification of examples
of principal phyla. This should be preceded by ohjective demonstration
work in school lahoratory.

Reproduction in Plants. — Although there are very many
plants and animals so small and so simple as to be composed of
yut a single cell, by far the greater part of the animal anc .
but le cell, by far the greater part of ti rimal and plant
world is made up of individuals which
are collections of cells living together. o

: . W e/

In a simple plant like the pond scum, = ===
i £ W A cell of pond scum. How
1Ay llllg o ame.n' (_) PRl .01 e might it divide to form a long

by a single cell dividing crosswise, the  thread made up of cells?

two cells formed each dividing into two

more. Eventually a long thread of cellsis thus formed. At times,
-~ however, a cell is formed by the union of two cells, one from each

of two adjoining filaments of the plant. At length a hard coat

forms around this cell, which has now become a spore. The

tough covering protects it from unfavorable changes in the sur-
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roundings.

DIVISION OF LABOR

Later, when conditions become favorable for its
5

germination, the spore may form a new filament of pond scum.

The formation of
spores in pond

seum.  2s, ZVgo-
spore; f, fusion
I Progress.

In molds, In yeasts, and in the bacteria we also
found spores could be formed by the protoplasm
of the plant cutting up into a number of tiny
spores.  These spores are called asexual (without
sex) because they are not formed by the union
of two cells, and may give rise to other tiny
plants like themselves.  Still other plants, mosses
and ferns, give rise to two kinds of spores, sexual
and asexual.  All of these collectively are called
spore plants.

Reproduction in Seed Plants. — Another great
group of plants we have studied, plants of varied
shapes and sizes, produce
seeds.  They bear flowers
and fruits.

The embryo develops
from a single fertilized
growing by cell
division into two, four,

CCoaoo ”
(hb’

eight, and a constantly increasing number
of cells until after a time a baby plant 1s
formed, which as in the bean, either con-
tains some stored food to give it a start
in life, or. as i the corn, 1s surrounded
with food whiech it can digest and absorh
into its own tiny body. We have seen
that these voung plants in the seed are
able to develop when conditions are favor-
able. Furthermore, the young of ecach
kind of plant will eventually develop into
the kind of plant its parent was and into
no other kind. Thus the plant world is
divided into many tribes or groups.

The formation and growth of

a plant embryo. 1, the
sperm and egg cell uniting:
2 a fertilized egg: 3, two
cells formed by division;
4, four cells formed from
two; 5, a many-celled
cmbryo; 6, young plant;
H, hypocotyl; P, plumule;
(', cotyledons.

Plants are placed in Groups. — If we plant a number of peas so
that they will all germinate under the same conditions of soil, tems~
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perature, and sunlight, the
seedlings that develop will
each differ one from an-
other in a slight degree.!
But in a general way they
will have many characters
in common, as the shape
of the leaves, the posses-
sion of tendrils, form of
the flower and fruit. A
species of plants or animals
is a group of individuals so
much alike in their char-

A colony of trilliums, a flowering plant.
(Photograph by W. C. Barbour.)

acters that they might have had the same parents. Individuals of
such species differ slightly ; for no two individuals are exactly alike.

Rock fern, polypody. Notice the underground
stem giving off roots from its lower surface,
and leaves (), (), from its upper surface.

Family, Order, and Class.

Species are grouped to-
gether in a larger group
called a genus.  For ex-
ample, many kinds of peas
— the wild beach peas, the
sweet peas, and many
others — are all grouped in
one genus (called Lathyrus,
or vetchling) because they
have certain structural
characteristics in common.

Plant and animal genera
are brought together in still
larger groups, the classifica-
tion based on general like-
nesses in structure. Such
groups are called, as they
become successively larger,

Thus the whole plant and animal

kingdom is grouped into divisions, the smallest of which contains

I NoTE To TEACHERS. — A trip to the Botanical Garden or to a Museum should

be taken at this time.
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individuals very much alike; and the largest of which contains
very many groups of individuals, the groups having some char-
acters in common. This is called a system of classification.
Classification of the Plant Kingdom. — The entire plant king-
dom has been divided into four sub-kingdoms by botanists: —

Angiosperms, true flowering plants.
1, S' ) tophyt (.J ; 1 . o 0

DETHGROR s [(}yumo.s‘perms, the pines and their allies.
2. Pteridophytes. The fern plants and their allies.

3. Bryophytes. The moss plants and their allies.

Rockweed, a brown algee, showing its distribution on rocks below highwater mark.

4. Thallophytes. 'The Thallophytes form two groups: the
Alge and the Fungi; the alge being green, while the fungi have
no chlorophyll.

The extent of the plant kingdom can only be hinted at; each
year new species are added to the lists.  There are about 110,000
species of flowering plants and nearly as many flowerless plants.
The latter consist of over 3500 species of fernlike plants, some
16,500 species of mosses, over 5600 lichens (plants consisting of a
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partnership between alge and fungi), approximately 55,000 species
of fungi, and about 16,000 species of algee.

Development of a Simple Animal. — Many-celled animals are
formed in much the same way as are many-celled seed plants. A
common bath sponge, an earthworm, a fish, or a dog, — each and
all of them begin life in the same
manner. In a many-celled animal the
life history begins with a single cell,
the fertilized egg.  Asin the flowering
plant, this cell has heen formed by
the union of two other cells, a tiny
(usually motile) cell, the sperm, and a
large cell, the egg. After the egg is
fertilized by a sperm cell, it splits into
two, four, eight, and sixteen cells;
as the number of cells increases, a
hollow ball of cells called the blastula
is formed ; later this ball sinks in on
one side, and a double-walled cup of
cells, now called a gastrula, results.
Practically all animals pass through
the above stages in their development
from the egg, although these stages
are often not plain to see because of
the presence of food material (yolk)
in the egg. '

In animals the body consists of
three ]ayers of cellx: those of the A moss plant. G, the moss body;
outside, developed from the outer S, the  spore-bearing  stalk
layer of the gastrula, are called ecto- AR
derm, which later gives rise to the skin, nervous system, etc.; an
inner layer, developed from the inner layer of the gastrula, the
endoderm, which forms the lining of the digestive organs, ete.; a
middle layer, called the mesoderm, lying between the ectoderm
and the endoderm, is also found. In higher animals this layer
gives rise to muscles, the skeleton, and parts of other internal
structures. ‘

HUNTER, CIV. BI.— 12
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Physiological Division of Labor. — If we compare the amaoeba
and the paramcecium, we find the latter a more complex organism

Stuges in the development of a fertilized egg into the gastrula stag->. Read your
text, then draw these stages and name cach stage.

than the former. An amoeba may take in food through any part
of the body: the paramcecium has a definite gullet ; the amaeba
may use any part of the
body for locomotion; the
paramceecium has definite
parts of the cell, the cilia,
fitted for this work. Since
the structure of the para-
meecium 1s more complex,
we say that it is a ““ higher ”
animal. In the vorticella, a
still more complex cell, part
of the cell has grown out
like a stalk, has become
contractile, and acts like
muscle.

As we look higher in the
g = . ' scale of life, we inva-
Photomral o Hving, vnticly, howie e iably find that  cortain

mouth. Compare this figure with that of the parts of a plant or animal

paramcecium.  Which cell shows greater are set apart to do cer-

division of labor ?
tain work, and only that
work. Just as in a community of people, there are some
men who do rough manual work, others who are skilled work-
men, some who are shopkeepers, and still others who are profes-
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sional men, so among plants
and animals, wherever col-
lections of cells live together
to form an organism, there
is division of labor, some
cells being fitted to do
one kind of work, while
others are fitted to do work
of another sort. This
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Diifferent forms of  tissue  cells.
(', bone making cells; L, epi-
thelial cells; F, fat cells; L, liver
cells; M, muscle cell; <, invol-
untary; z, voluntary; N, nerve
cell; O B, cell body; N.F., nerve
fiber; 7.B., nerve endings;
W, colorless blood cells.

LABOR

Of

digestive cavity

Enlarged 1ngthwise seetion of the hydra, a

very simple animal whichi shows slight
division of labor. . ba, base; b, bud;
m, mouth; ov, ovary; sp, spermary.

called physiological division of
labor.

As we have seen, the higher plants
are made up of a vast number of cells
of many kinds.  Collections of cells
alike in structure and performing the
same function we have called a tissue.
Examples of animal tissues are the
highly contractile cells set apart for
movement, muscles; those which
cover the body or line the inner parts
of organs, the skin, or epithelium ; the
cells whieh form secretions or glands
and the sensitive cells forming the

18

nerrous tissues.
Frequently several tissues have cer-
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tain functions to perform in conjunction with one another. The
arm of the human body performs movement. To do this, several
tissues, as muscles, nerves, and bones, must act together. A col-
lection of tissues performing certain work we call an organ.

In a simple animal like a sponge, division of labor occurs be-
tween the cells; some cells which line the pores leading inward
ereate a current of water, and feed upon the minute organisms
which come within reach, other cells build the skeleton of the
sponge, and still others become eggs or sperms.  In higher animals

N more complicated in struc-
: ture and in which the
tissues are found working
together to form organs,
division of labor is much
more highly specialized.
In the human arm, an
organ fitted for certain
movements, think of the
number of tissues and the
complicated actions which
are possible.  The most

Part of a sponge, showing how cells perform oxtreme division of labor
division of labor. cect, eetoderm; mes, meso- . 3
derm; end, endoderm; c.e., eiliated eells, 1S5 Seell 11 the organism
which take in food by means of their fla- ywhiech has the most com-
gelle or large cilia ( fla).

plex actions to perform
and whose organs are fitted for such work, for there the cells or
tissues which do the particular work do it quickly and very well.
In our daily life in a town or city we see division of labor between
individuals.  Such division of labor may oceur among other ani-
mals, as, for example, bees or ants.  But it is seen at its highest
in a great city or in a large business or industry. In the stockyards
of Chicago, division of labor has resulted in certain men performing
but a single movement during their entire day’s work, but this
movement repeated o many times in a day has vesulted in wonder-
ful accuracy and speed.  Thus division of Iabor obtains its end.
Organs and Functions Common to All Animals. — The same
general functions performed by a single cell are performed by a
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many-celled animal.  But in the many-celled animals the various
functions of the single cell are taken up by the organs.  In a com-
plex organism, like man, the organs and the functions they per-
form may be briefly given as follows: -

(1) The organs of food taking : food may be taken in by indi-
vidual cells, as those lining the pores of the sponge, or definite
parts of a food tube may be set apart for this purpose, as the mouth
and parts which place food in the mouth.

(2) The organs of digestion : the food tube and collections of
cells which form the glands connected with it. The enzymes in
the fluids secreted by the latter change the foods from a solid form
(usually insoluble) to that of a flurd.  Such fluid may then pass by
osmosis, through the walls of the food tube into the blood.

(3) The organs of circulation : the tubes through which the blood,
bearing its organic foods and oxygen, reaches the tissues of the
body. In simple animals, as the sponge and hydra, no such organs
are needed, the fluid food passing from cell to cell by osmosis.

(4) The organs of respiration : the organs in which the blood
receives oxygen and gives up carbon dioxide. The outer layer of
the body serves this purpose in very simple animals; gills or lungs
are developed in more complex animals.

(5) The organs of excretion: such as the kidneys and skin, which
pass off nitrogenous and other waste matters from the body.

(6) The organs of locomotion: muscles and their attachments
and connectives ; namely, tendons, ligaments, and bones.

(7) The organs of nervous control: the central nervous system,
which has control of codrdinated movement. This consists of
scattered cells in low forms of life; such cells are collected into
groups and connected with each other in higher animals.

(8) The organs of sense: collections of cells having to do with
the reception and transmission of xight, hearing, smell, taste, touch,
pressure, and temperature sensations.

(9) The organs of reproduction : the sperm and egg-forming
organs.

Almost all animals have the funetions mentioned above. In
most, the various organs mentioned are more or less developed,
although in the simpler forms of animal life some of the organs
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mentioned above are either very poorly developed or entirely
lacking. But in the so-called ‘‘ higher ” animals each of the
above-named functions is assigned to a certain organ or group of
organs. The work is done better and more quickly than in the
“lower V7 animals.  Division of labor is thus a guide in helping
us to determine the place of animals in the groups that exist on the
earth.

The Animal Series. — We have found that a one-celled animal
can perform certain functions in a rather crude manner. Man
can perform these same functions
in an extremely efficient manner.
Division of labor is well worked
out, extreme complexity of struc-
ture is seen. Between these two
extremes are a great many groups
of animals which can be arranged
more or less as a series, showing
the gradual evolution or develop-
ment of life on the earth. It
will be the purpose of the follow-
The glasslike skeleton of a radiolarian,  ing pages to show the chief char-

aprotozoan. (From model at Ameri- Ehet

bl VSt 'OTAN AR R Loty ) acteristics of the great groups of

the animal kingdom.

I. Protozoa. —— Animals composed of a single cell, reproducing
by cell division.

The following are the principal classes of Protozoa, examples of which we may
have seen or read about: —

Crass I, Rhizopoda (Greek for root-footed). Having no fixed form, with pseudo-
podia. Either naked as Ameba or building limy (Foraminifera) or glasslike
skeletons (Radiolaria).

Crass II.  Infusoria (in infusions). Usually active ciliated Protozoa. Examples,
Paramaeium, Vorticella.

Crass III.  Sporozoa (spore animals). Parasitic and usually nonactive. Exam-
ple, Plasmodium malarice.

II. Sponges. — Because the body contains many pores through
which water bearing food particles enters, these animals are called
Porifera. They are classed according to the skeleton they possess
into limy, glasslike, and horny fiber sponges. The latter are
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the sponges of commerce.
With but few exceptions
sponges live in salt water
and are never free swim-
ming.

III.  Ccelenterates. —
The hydra and its salt-
water allies, the jellyfish,
hydroids, and corals, De-
long to a group of animals
known as the Celenterala.
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The word *“ccelenterate ”
(celom = body cavity, en-
teron = food tube) explains
the structure of the group.

A\ horny fiber sponge.  Notice that it is a
colony. One fourth natural size.

They are animals in which the real

body cavity is lacking, the animal in its simplest form being little
more than a bag. Some examples are the hydra, shown on page
179, salt-water forms known as hydroids, colonial forms which have

Nea anemones.  One half natural size. The
right hand specimen is expanded and
shows the mouth surrounded by the
tentacles. The left hand specimen is
contracted. (From model at the Ameri-

can Museum of Natural History.)

part of their life free swim-
ming as jellyfish ; sea anemones
and coral polyps, tiny colonial
hydra like forms which build
a living or secreted covering.

IV. Worms. — The worm-
like animals are grouped into
flatworms,
segmented or jointed worms.

(a) Flatwormsaresometimes
parasitic, examples being the
tapeworm and liver fluke.
They are usually small, ribbon-
or leaf-like and flat and live in
water.

roundworms, and

(b) Roundworms, minute threadlike creatures, are not often

seen by the city girl or hoy.

Vinegar eels, the horsehair worm,

the pork worm or trichina and the dread hookworm are examples.
(¢) Segmented worms are long, jointed ercatures composed of
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body rings or segments. Examples are the earth-
worm, the sandworm (known to New York boys
as the fishworm), and the leeches or bloodsuckers.

A jointed worm.
The sandworm. The common starfish seen from below to show
Slightly reduced. the tube feet. About one half natural size.

V. Echinoderms. — These are spiny-skinned animals, which
live in salt water. They are still more complicated in structure

The eravfish, a crustacean. A, antenna: M, mouth; E, compound stalked eye;
Ch, pincher claw; C.P., cephalothorax; b, abdomen; C.F. caudal fin. A
little reduced.
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than the worms and may be known by the spines in their skin.
Starfish or sea urchins are examples.

VI. Arthropods. — These animals are distinguished by having
jointed body and legs. They form two great groups. The higher
forms of the Crustacea have only two regions in the body, a fused
head and thorax, ealled the cephalothorar, and an abdominal
region. A second group is the Insecta, of which we know some-
thing already. Crustacea breathe by means
of gills, which are structures for taking oxygen N i
out of the water, while adult insects breathe
through air tubes called trachea.

Two smaller groups of arthropods also exist,
the Arachnida, consisting of spiders, scorpions,
ticks, and mites, and the Myriapoda, examples
being the “thousand leggers” found in some
(‘it}' houses. A comunon snail, a

VII. Mollusca. — Another large group is the mollusk. (From a
Mollusca. This phylum gets its name from &’fll’-l.i?fir.fph b
the soft, unsegmented body (mollis = soft).

Mollusks usually have a shell, which may be of one piece, as a
snail, or two pieces or valves, as the elam or oyster.

VIII. The Vertebrates. — All of the animals we have studied
thus far agree in having whatever skeleton or hard parts they
possess on the outside of the body. Collectively, they are called
Invertebrates. This exoskeleton differs from the main or axial
skeleton of the higher
animals, the latter be-
ing inside of the body.
The exoskeleton 1s
dead, being secreted
by the cells lining the
body, while the endo-
skeleton is, In part at
least, alive and 1s
capable of growth, e.g.
. . a broken arm or leg
The skddeton of a dog; a typical vertebrate. bone will grow to-
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gether. But a man has certain parts of the skeleton, as nails or
hair, formed by the skin and in addition possesses inside bones to
which the muscles are attached. Some of the bones are arranged
in a flexible column in the dorsal (the back) side of the body.
This vertebral column, as it is called, is distinetive of all vertebrates.
Within its bony protection lies the delicate central nervous system,
and to this column are attached the big bones of the legs and
arms. The vertebrate animals deserve more of our attention than
other forms of life because man himself is a vertebrate.

The sand shark, an clasmobranch. Note the slits leading from the gills.  (From
a photograph loaned by the American Museum of Natural History.)

Five groups or classes of vertebrates exist.  Fishes, Amphibians,
Reptiles, Birds, and Mammals.  Let us see how to distinguish one
class from another.

Fishes. — Fishes are familiar animals to most of us.  We know
that they live in the water, have a backbone, and that they have
fins. They breathe by means of gills, delicate organs fitted for
taking oxygen out of the water. The heart has two chambers, an
auricle and a ventricle. They have a skin in which are glands

- e TERY

The sturgeon, o ganoid fish.
o
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secreting mucus, a slimy substance which helps them go through
the water easily. They usually lay very many eggs.

CLASSIFICATION OF FrsHEes

OrpeRr I. The Elasmobranchs. Fishes which have a soft skeleton made of cartilage
and exposed gill slits.  Examples : sharks, skates, and rays.

OrpeR II. The Ganoids. Iishes which once were very numerous on the earth, but
which are now almost extinct. They are protected by platelike scales. Ex-
amples : gars, sturgeon, and bowfin.

OrpEr III. The Teleosts, or Bony Fishes.
They compose 95 per cent of all living
fishes. In this group the skeleton is
bony, the gills are protected by an
operculum, and the eggs are numerous.
Most of our common food fishes belong
to this class.

OrpeEr IV. The Dipnoi, or Lung Fishes.
This is a very small group. In many A bouy fish.
respects they are more like amphibians
than fishes, the swim bladder being used as a lung. They live in tropieal
Africa, South Ameriea, and Australia, inhabiting the rivers and lakes there.

Characteristics of Amphibia. — The frog belongs to the class of
vertebrates known as Amphibia. As the name indicates (ampha,
both, and bza, life), members of this group live both in water and
on land. In the earlier stages of their development they take
oxygen into the blood by means of gills. When adult, however,
they breathe by means of lungs. At all times, but especially
during the winter, the skin serves as a breathing organ. The

Newt. (From a photograph loaned by the American Museum of Natural
History.) About natural size.
skin is soft and unprotected by bony plates or scales. The heart
has three chambers, two auricles and one ventricle. Most am-
phibians undergo a complete metamorphosis, or change of form,
the young being unlike the adults.
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CLASSIFICATION OF AMPHIBIA

Onrper 1. Urodela. Amphibin having usually poorly developed appendages.

Tail persistent through life.  xamples: mud puppy, newt, salamander.
Orpenr 1. Anura. ‘Pailless Amphibia, which undergo a metamorphosis, breath-
ing by gills in larval state, by lungs in adult state. Bxamples: toad and frog.
Characteristics of Reptilia.
— These animals are char-
acterized by having scales
developed from the skin. In
the turtle they have become
bony and are connected with
the internal skeleton. Rep-
tiles always breathe by means
of lungs, differing in this
respect from the amphibians.
They show their distant re-
lationship to birds in that
their large eggs are incased

in a leathery, limy shell.

The leopard frog, an amphibian.

CLASSIFICATION OF REPTILES

ORDER L. Chelonia (turtles and tortoises). Flattened reptiles with body inclosed
in bony case. No teeth or sternum (breastbone). Examples: snapping
turtle, box tortoise.

OrDER 1I. Lacertilia (lizards). Body
covered with scales, usually having
two-paired appendages.  Breathe
by lungs. Examples: fenee lizard,
horned toad.

Lbox tortoise, n land reptile.  (I'rom The gila monster, a
photograph loaned by the Ameri- poisonous lizard.
can Muscum of Natural History.) About one twelfth

About one fourth natural size. natural size.
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Orper 111.  Ophidia (snakes). Body
elongated, covered with scales.  No

limbs present.  Examples @ garter
snake, rattlesnake.
ORDER 1V. Crocodilia. Fresh-water

reptiles  with clongated body and
bony scales on  skin.  Two-paired

limbs. Examples: alligator, crocodil .
! X The common garter snake.  Redueed
Birds. — Birds among all other to about one tenth natural size.

animals are known by their cov-

ering of feathers and the presence of wings. The feathers are de-
veloped from the skin. These aid in flight, and protect the body
from the cold.

Adaptations in the bills of birds.  Could we tell anything about the food of a bhird
from its bill 2 Do these birds all get their food in the same manner ? Do
they all eat the same kind of food ?

The form of the bill in particular shows adaptation to a wonder-
ful degree. A duck has a flat bill for pushing through the mud and
straining out the food ; a bird of prey has a curved or hooked beak
for tearing; the woodpecker has a sharp, straight bill for piercing
the bark of trees in search of the inseet larvie which are hidden
underneath. Birds do not have teeth.
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The rate of respiration, of heartbeat, and the body temperature
are all higher in the bird than in man. Man breathes from twelve
to fourteen times per minute. Birds breathe from twenty to sixty
times a minute. Because of the increased activity of a bird,
there comes a necessity for a greater and more rapid supply of
oxygen, an increased blood supply to carry the material to be
used up in the release of energy, and a means of rapid excretion
of the wastes resulting from the process of oxidation. Birds are

Common tern and young, showing nesting and feeding habits.  (From group
at American Museum of Natural History.)

large eaters, and the digestive tract is fitted to digest the food
quickly, by having a large crop in which food may be stored in a
much softened condition.  As soon as the food is part of the blood,
it may be sent rapidly to the places where it is needed, by means
of the large four-chambered heart and large blood vessels.

The high temperature of the bird is a direet result of this rapid
oxidation ; furthermore, the feathers and the oily skin form an
insulation which does not readily permit of the escape of heat.
This insulating cover is of much use to the bird in its flights at
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high altitudes, where the temperature is often very low. Birds
lay ecggs and usually care for their voung.
« = . .

CLASSIFICATION OF Birps

OrpeEr I. Cursores. Running birds with no keeled breastbone.  Examples:
ostrich, cassowary.

ORrDER II. Passeres. Perching birds;
three toes in front, one behind.
Over one half of all species of
birds are included i this order.
Examples : sparrow, thrush,
swallow.,

OrpeRr IIl. Galline. Strong legs;
feet adapted to seratching., Beak
stout. Examples: jungle fowl,
grouse, quail, domestic fowl.

OrDER IV. Raptores. Birds of prey.
Hooked beak. Strong claws.
Examples: eagle, hawk, owl.

OrRpER V. Grallatores. Waders.
Long neek, beak, and legs. Ex-
amples: snipe, crane, heron.

ORrRDER VI. Natatores. Divers and

swimmers. Legs short, toes
webbed.  Examples: gull, duck,
albatross.

ORpER VII. Columbine. Like Gal-
linze, but with weaker legs. Ex-
amples: dove, pigeon.

OrpeEr VIII. Pici. Woodpeekers.

Two toes point forward, two Afriean ostrich, one of the largest
baekward, and adaptation for living birds,

climbing. Long, strong bill.

OrpER IX. Psittact. Parrots, hooked beak and fleshy tongue.

OrpER X. Coccyges. Climbing birds, with powerful beak. Examples: Kking-
fisher, touean, and euckoo.

OrRDER XI. Macrochires. Birds having long-pointed wings, without scales on
metatarsus. Examples : swift, humming bird, and goatsucker.

Mammals. — Dogs and cats, sheep and pigs, horses and cows,
all of our domestic animals (and man himself) have characters of
structure which cause them to be c¢lassed as mammals. These
characters are the possession of a hairy covering, of lungs, and
warm blood. They bear voung developed to a form similar to
their own,! and nurse them with milk secreted by glands known
as the mammary glands; hence the term “ mammal.”

' With the exception of the monotremes



192 EVOLUTION

Adaptations in Mammalia. — Of the thirty-five hundred species,
most inhabit continents; a few species are found on different islands,
and some, as the whale, inhabit the ocean.  They vary in size from
the whale and the clephant to tiny shrew mice and moles.  Adapta-
tions to different habitat
and methods of life abound;
the seal and whale have
the limbs modified into
flippers, the sloth and
squirrel have limbs pecul-
iarly adapted to climbing,
while the bats have the
fore limbs modeled for
flight.

Lowest Mammals. — The

lowest are the monotremes,

The bison, an almost extinet mammal. animals which lay ecggos like

the birds, although they are

provided with hairy covering like other mammals. Such are the Aus-
tralian spiny anteater and the duek mole.

All other mammals bring forth their young developed to a form simi-
lar to their own. The kangaroo and opossum, however, are provided
with a pouch on the under side of the body in which the very immature,
blind, and helpless young are nourished until they are able to care for
themselves. These pouched animals are called marsupials.

The other mammals may be briefly elassified as follows: —

CLASSIFICATION OF HIGHER MAMMALS

OrpER I. Edentata. Toothless or with very simple teeth. Esxamples: anteater,
sloth, armadillo.

OrpER 1I. Rodentia. Incisor teeth chisel-shaped, usually two above and two
below. Examples: beaver, rat, poreupine, rabbit, squirrel.

OrbpER III. Cetacea. Adapted to marine life. Examples: whale, porpoise.

OrpER IV. Ungulata. Hoofs, teeth adapted for grinding. Examples: (a) odd-
toed, horse, rhinoceros, tapir; (b) even-toed, ox, pig, sheep, deer.

OrpeER V. Carnivora. Long canine teeth, sharp and long claws. Examples: dog,
cat, lion, bear, seal, and sea lion.

OrpER VI. Insectivora. IExample: mole.

OrpERr VII. Chetroptera. Fore limbs adapted to flight, teeth pointed. Example: bat.

Orpenr VIIL. Primates. Erect or nearly so, fore appendage provided with hand.
Examples : monkey, ape, man.
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Increasing Complexity of Structure and of Habits in Plants and
Animals. — In our study of biology so far we have attempted to
get some notion of the various factors which act upon living things.
We have seen how plants and animals interact upon each other.
We have learned something about the various physiological pro-
cesses of plants and animals, and have found them to be in many
respects identical.  We have found grades of complexity in plants
from the one-celled plant, bacterium or pleurococcus, to the com-
plicated flowering plants of considerable size and with many
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The geological history of the horse. (After Mathews, in the American Museum
of Natural History.) Ask your teacher to explain this diagram.

organs. So in animal life, from the Protozoa upward, there is
constant change, and the change is toward greater complexity of
structure and functions. An insect is a higher type of life than a
protozoan, because its structure is more complex and it can per-
form its work with more ease and accuracy. A fish is a higher
type of animal than the insect for these same reasons, and also for
another. The fish has an internal skeleton which forms a pointed
column of bones on the dorsal side (the back) of the animal. Tt is
a vertebrate animal.
HUNTER, CIV. BI. — 13
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The Doctrine of Evolution. — We have now learned that animal
forms may be arranged so as to begin with very simple one-celled
forms and culminate with a group which contains man himself.
This arrangement is called the erolutionary series.  Fvolution means

Mammals Birds
{3000

Reptiles
3500

Amphibians
1400

Fishes
13000

Insects

360 000 Arachnida

Crustacea (16000 Mollusks

Annehds

Echinoderms e 00

RowundWormst S%
Flat Worms 500 Coelenterates
Sponges 4500
P 32500

Protazoa 8000

The evolutionary tree. Modified from Gal-
loway. Copy this diagram in your note-
book. Explain it as well as you can.,

change, and these groups
are believed by scientists
to represent stages in com-
plexity of development of
life on the earth. Geology
teaches that millions of
years ago, life upon the
carth  was very simple,
and that gradually more
and more complex forms
of life appeared, as the
rocks formed latest in time
show the most highly de-
veloped forms of animal
life.  The great KEnglish
scientist, Charles Darwin,
from this and other evi-
dence, explained the theory
of evolution. This is the

belief that simple forms of life on the earth slowly and gradually
gave rise to those more complex and that thus ultimately the most

complex forms came into existence.

The Number of Animal Species. — Over 500,000 species of
animals are known to exist to-day, as the following table shows.

Protozoa 8,000 Arachnids 16,000
Sponges 2,500 Crustaceans 16,000
Ceelenterates 4,500 Mollusks 61,000
Echinoders 4,000 Fishes 13,000
Flatworms 5,000 Amphibians 1,400
Roundworms . 1,500 Reptiles 3,500
Annelids 4,000 Birds 13,000
Insects 360,000 Mammals S 3,500
Myriapods . 2,000 Total . . . . 518,900
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Man’s Place in Nature. — Although we know that man is
separated mentally by a wide gap from all other animals, in our
study of physiology we must ask where we are to place man. If we
attempt to classify man, we see at once he must be placed with
the vertebrate animals because of his possession of a vertebral
column. Evidently, too, he is a mammal, because the young are
nourished by milk seereted by the mother and because his body
has at least a partial covering of hair. Anatomically we find that
we must place man with the apelike mammals, because of these
numerous points of structural likeness. The group of mammals
which ineludes the monkeys, apes, and man we call the primates.

Although anatomically there 1s a greater difference between
the lowest type of monkey and the highest type of ape than there
1s between the highest type of ape and the lowest savage, yet there
is an immense mental gap between monkey and man.

Instincts. — Mammals are considered the highest of vertebrate
animals, not only because of their complicated structure, but be-
:ause their instinets are so well developed. Monkeys certainly
seem to have many of the mental attributes of man.

Professor Thorndike of Columbia University sums up their habits
of learning as follows : —

“In their method of learning, although monkeys do not reach the
human stage of a rich life of ideas, yet they carry the animal method of
learning, by the selection of impulses and association of them with differ-
ent sense-impressions, to a point beyond that reached by any other of
the lower animals.  In this, too, they resemble man; for he differs from
the lower animals not only in the possession of a new sort of intelligence,
but also in the tremendous extension of that sort which he has in common
with them. A fish learns slowly a few simple habits.  Man learns quickly
an infinitude of habits that may be highly complex.  Dogs and cats learn
more than the fish, while monkeys learn more than they. In the number
of things he learns, the complex habits he can form, the variety of lines
along which he can learn them, and in their permanence when once formed,
the monkey justifies his inclusion with man in o separate mental genus.”

Evolution of Man. — Undoubtedly there once lived upon the
earth races of men who were much lower in their mental organiza-
tion than the present inhabitants. If we follow the early history
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of man upon the earth, we find that at first he must have been
little better than one of the lower ammals. He was a nomad,
wandering from place to place, feeding upon whatever living things
he could kill with his hands.  Gradually he must have learned to
use weapons, and thus kill his prey, first using rough stone im-
plements for this purpose. As man became more civilized, im-
plements of bronze and of iron were used. About this time the
subjugation and domestication of animals began to take place.
Man then began to cultivate the fields, and to have a fixed place
of abode other than a cave. The beginnings of civilization were
long ago, but even to-day the earth is not entirely civilized.

The Races of Man. -— At the present time there exist upon the
earth five races or varieties of man, each very different from the
other in instinets, social customs, and, to an extent, in structure.
These are the Ethiopian or negro type, originating in Africa; the
Malay or brown race, from the islands of the Pacifie; the Amer-
ican Indian; the Mongolian or yellow race, including the natives
of China, Japan, and the Eskimos; and finally, the highest type
of all, the Caucasians, represented by the civilized white in-
habitants of Europe and America.
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XV. THE ECONOMIC IMPORTANCE OF ANIMALS

Problems.— 1. To determine the wuses of aninals.
() Indirvectly as food.

(b) Directly as food.

(e) oAs domesticated anivvals.

() For clothing.

(e) Other direct econoniic wses,

(f) Destruction of harmjful plaits and aninals,

Ii. To determnine the harne done by animals.

(@) Animals destricetive to those wsed for food.

() Animals harmful to erops and Sardens.

(e) vnimeas harmful to fruit and forest trees.

() Animals destructive to stored food or clothing.

(e) Animals indirectly or divectly responsible for disease.

LABORATORY SUGGESTIONS

Inasmuch as this work is planned for the winter months the laboratory
side must be largely museum and reference work. It is to be expeeted
that the teacher will wish to refer to much of this work at the time work is
done on a given group. But it is pedagogically desirable that the work as
planned should be varied. Interest is thus held. Outlines prepared by
the teacher to be filled in by the student are desirable because they lead
the pupil to individual selection of what seems to him as important mate-
rial.  Opportunity should be given for laboratory exercises based on
original sources. The pupils should be made to use reports of the U.S.
Department of Agriculture, the Biological Survey, various States Reports,
and others.

Special home laboratory reports may be well made at this time, for
example : determination at a local fish market of the fish that are cheap
and fresh at a given time. Have the students give reasons for this.
Study conditions in the meat market in a similar manner.  Other local
food conditions may also be studied first hand.
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USES OF ANIMALS

Indirect Use as Food. — Just as plants form the food of ani-
mals, so some animals are food for others. Man may make use
of such food directly or indirectly. Many mollusks, as the bar-
nacle and mussel, are eaten by fishes.  Other fish live upon tiny
organisms, water fleas and other small
crustaceans. These in turn feed upon
still smaller animals, and we may go
back and back until finally we come
to the Protozoa and one-celled water
plants as an ultimate source of food.

Direct Use as Food. Lower Forms.
— The forms of life lower than the
crustacea are of little use directly as
food, although the Chinese are very
fond of one of the Echinoderms, a
holothurian.

Crustacea as Food. — ('rustaceans,
however, are of considerable value for
food, the lobster fisheries in particular
being of importance. The lobster is
highly esteemed as food, and is rapidly
North American lobster. This disappearing from our coasts as the

specimen, preserved at the result of Overﬁshing. Between twenty

{;:():is }I;}l‘((\:"::12;‘;‘;1’&13 and thirty million are yearly taken on

size and weighed over twenty the North Atlantic coast. This means

POSNdS. a value at present prices of about
$15,000,000. Laws have been enacted in New York and other
states against overfishing. Kgg-carrying lobsters must be returned
ro the water ; all smaller than six to nine inches in length (the law
varies in different states) must be put back; other restrictions are
placed upon the taking of the animals, in hope of saving the race
from extinction. Some states now hateh and care for the yvoung
for a period of time ; the United States Bureau of Fisheries is also
doing mueh good work, in the hope of restocking to some extent
the now alimost depleted waters.
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Several other common crustaceans are near relatives of the ecrayfish.
Among them are the shrimp and prawn, thin-shelled, active crustaceans
common along our eastern coast. In spite of the fact that they form a
large part of the food supply of many marine animals, especially fish,
they do not appear to be decreasing in numbers. They are also used
as food by man, the shrimp fish-
eries in this country aggregating
over $1,000,000 yearly.

Another edible crustacean of
considerable economic impor-
tance 1s the blue crab. Crabs
are found inhabiting muddy bot-
toms; in such localities they are
caught in great numbers in nets
or traps baited with decaying
meat. They are, indeed, among The edible blue erab. (From a photograph
our most valuable sea seavengers, loaned by the American Museum of
although they are carnivorous Sl dlisori)
hunters as well. The young crabs differ considerably in form from the
adult. They undergo a complete metamorphosis (change of form).
Immediately after molting or shedding of the outer shell in order to grow
larger, crabs are greatly desired by man as an article of food. They are
then known as ‘“ shedders,” or soft-shelled erabs.

Mollusks as Food. — Oysters are never found in muddy localities, for in
such places they would be quickly smothered by the sediment in the
water. They are found in nature clinging to stones or on shells or other
objects which project a little above the bottom. Here food is abundant
and oxygen is obtained from the water sur-
rounding them. Hence oyster raisers throw
ovster shells into the water and the young
oysters attach themselves.

In some parts of Europe and this country
where oysters are raised artificially, stakes

The oyster. or brush are sunk in shallow water so that

the young oyster, which 1s at first free-

swimming, may escape the danger of smothering on the bottom. After

the oysters are a year or two old, they are taken up and put down in

deeper water as seed oysters. At the age of three and four years they
are ready for the market.

- The oyster industry is one of the most profitable of our fisheries.  Nearly
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£15,000,000 a year has been derived during the last decade from such
sources.  Hundreds of boats and thousands of men are engaged in dredg-
ing for oysters. Three of the most important of our oyster grounds are
Long Island Sound, Narragansett Bay, and Chesapeake Bay.

Sometimes oysters are artificially ““ fattened ” by placing them on beds
near the mouths of fresh-water streams.  Too often these streams are the
bearers of much sewage,
’, and the oyster, which lives
L= —7 Ol IICroscopic organisms,
\ takes in a number of bac-
teria with  other  food.
Thus a person might be-
come Infected with the
typhoid bacillus by eating
raw oysters. State and
A city supervision of the
< ovster industry makes this
\ possibility very mueh less
than it was a few years
ago, as careful bacterio-
logical analvsis  of the
surrounding water is con-
stantly made by com-
petent experts.

Clams. — Other bivalve
mollusks used for food are
clams and scallops.  Two
species of the former are
known to New Yorkers,
on~ as the “round,” an-

b

other as the “long” or

6/{cnwaoo’///'9kr> A QOLNQ_A/ D\
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This diagram shows how cases of intestinal disease
(tyvphoid and diarrhea) have been traced to
oysters from a locality where they were ‘“fat- “soft-shelled” clams. The
tened ' In water contaminated with sewage. f()l‘mer(V(’sz I/IC‘)‘CCIlaI‘Z'(l)

(Loaned by American  NMustum  of Natural .
History.) was called by the Indians

“quahog,” and s still so
alled in the Eastern states.  The blue area of its shell was used by the
Indians to make wampum, or money. The quahog is now extensively
used as food. The “long " clam (Mya arenaria) 1s considered better
ating by the inhabitants of Massachusetts and Rhode Island.  This
clam was highly prized as food by the Indians. The clam industries of
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the eastern coast aggregate nearly $1,000,000 a year. The dredging for
scallops, another molluscan delicacy, forms an important industry along
certain parts of the eastern coast.

Fish as Food. — Fish are used as food the world over. From
very early times the herring were pursued by the Norsemen.
Fresh-water fish, such as "
whitefish, perch, pickerel,
pike, and the various mem-
bers of the trout family, are
esteemed food and, espe-
cially in the Great Lake
region, form important fish-
eries. But by far the most
important food fishes are
those which are taken in
salt water. Here we have
two types of fisheries, those A
where the fish comes up Salmon leaping a fall on their way to their

a river to spawn, as the spawning beds. (Photographed by Dr.
i John A. Sampson.)

salmon, sturgeon, or shad,
and those in which fishes are taken on their feeding grounds in
the open ocean. Herring are the world’s most important catch,
though not in this country. Here the salmon of the western

H
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coast is taken to the value of over $13,000,000 a year. Cod
fishing also forms an important industry; over 7000 men being
employed and over $2,000,000 of codfish being taken each vear
in this country.

Hundreds of other species of fish are used as food, the fish that
is nearest at hand being often the cheapest and best. Why,
for example, is the flounder so cheap in the New York markets?
In what waters are the cod and herring fisheries, sardine, oyster,
sponge, pearl oyster? (See chart on page 201.)

Amphibia and Reptiles as Food. — Frogs’ legs are esteemed a
delicacy. Certain reptiles are used as food by people of other
nationalities, the Iguana, a Mexican lizard, being an example.
Many of the sea-water turtles are of large size, the leatherback and
the green turtle often weighing six hundred to seven hundred
pounds each. The flesh of the green turtle and especially of the
diamond-back terrapin, an animal found in the salt marshes along
our southeastern coast, 1s highly esteemed as food. Unfortunately
for the preservation of the species, these animals are usually taken
during the breeding season when they go to sandy beaches to lay
their eggs.

Birds as Food. — Birds, both wild and domesticated, form part
of our food supply. Unfortunately our wild game birds are dis-
appearing so fast that we should not consider them as a source
of food. Our domestic fowls, turkey, ducks, ete., form an impor-
tant food supply and poultry farms give lucrative employment
to many people.  Eggs of domesticated birds are of great impor-
tance as food, and egg albumin is used for otber purposes, —
clarifying sugars, coating photographic papers, ete.

Mammals as Food. — When we consider the amount of wealth
invested i cattle and other domesticated animals bred and used
for food in the United States, we sece the great economic impor-
tance of mammals. The United States, Argentina, and Australia
are the greatest producers of cattle. In this country hogs are
largely raised for food. They are used fresh, salted, smoked as
hamn and bacon, and pickled. Sheep, which are raised in great
quantities in Australia, Argentina, Russia, Uruguay, and this
country, are one of the world’s greatest meat supplies.
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Goats, deer, many larger game animals, seals, walruses, ete.,
eive food to people who live in parts of the earth that are less
densely populated.

Domesticated Animals. — When man emerged from his savage
state on the earth, one of the first signs of the beginning of civili-
zation was the domestication
of amimals. The dog, the cow,
sheep, and especially the horse,
mark epochs in the advance of
civilization. Beasts of burden
are used the world over, horses
almost all over the world, cer-
tain cattle, as the water buffalo,
i tropical Malaysia; camels,
goats, and the llama are also
used as draft animals in some
other countries.

Man’s wealth in many parts
of the world is estimated in
terms of his cattle or herds of
sheep. So many products come
from these sources that a long
list might be given, such as
meats, milk, butter, cheese,
\V()Ol, or other b()dy (‘overings, Feeding silkwm‘ms‘. The caterpillars are
leather, skins, and hides used the white objects in the trays.

{for other purposes. Great industries are directly dependent upon
our domesticated animals, as the making of shoes, the manu-
facture of woolen cloth, the tanning industry, and many others.

Uses for Clothing. — The manufacture of silk is due to the pro-
duction of raw silk by the silkworm, the caterpillar of a moth.
1t lives upon the mulberry and makes a cocoon from which the silk
is wound. The Chinese silkworm is now raised to a slight extent
in southern California. China, Japan, Italy, and France, because
of cheaper labor, are the most successful silk-raising countries.

The use of wool gives rise to many great industries. After the
wool 1s cut from the sheep, it has to be washed and scoured to
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get out the dirt and grease. This wool fat or lanoline is used in
making soap and ointments. The wool is next ‘ carded,” the
fibers being interwoven by the fine teeth of the carding machine
or ““combed,” the fibers here being pulled out parallel to each
other.  Carded wool becomes woolen goods; combed wool,
worsted goods.  The wastes are also utilized, being mixed with
“shoddy ”’ (wool from
cloth cuttings or rags)
to make woolen goods
ol a cheap grade.

Goat hair, especially
that of the Angora and
the Cashmere goat, has
much use 1n the cloth-
ingindustries. Camel’s
Lair and alpaca are
alzo used.

Fur. — The furs of
many domesticated and

wild animals are of im-

Polar bear. a .fur-l)vm'ing. mammal \‘\'hi(:h is rapidly purtance. The Carniv-
being exterminated. Why ?

ora as a group are of
much economic importance as the source of most of our fur. The
fur seal fisheries alone amount to many millions of dollars annu-
ally. Otters, skunks, sables, weasels, foxes, and minks are of
considerable importance as fur producers. Even cats are now
used for fur, usually masquerading under some other name. The
fur of the beaver, one of the largest of the rodents or gnawing
mammals, is of considerable value, as are the coats of the
chinchilla, muskrats, squirrels, and other rodents. The fur of the
rabbit and nutria are used in the manufacture of felt hats. The
quills of the porcupines (greatly developed and stiffened hairs)
have a slight commerecial value.

Conservation of Fur-bearing Animals Needed. — As time goes
on and the furs of wild animals become scarcer and scarcer through
overkilling, we find the need for protection and conservation of
many of these fast-vanishing wild forms more and more impera-



THE ECONOMIC IMPORTANCE OF ANIMALS 205

tive. Already breeding of some fur-bearing animals has been
tried with success, and cheap substitutes for wild animal skins are
coming more and more into the markets. Black-fox breeding has
been tried successfully in Prince Edward Island, Canada, $2500
to 83000 being given for a single skin.  Skunk, marten, and mink
are also being bred for the market. Game preserves in this
country and Canada are also helping to preserve our wild fur-
bearing animals.

Animal Oils. — Whale oil, obtained from the fat or “ blubber ”’
of whales, i1s used extensively for lubricating. Neat's-foot oil
comes from the feet of cattle and is also used in lubrication.
Tallow and lard, two fats from cattle, sheep, and pigs, have
so many well-known uses that comment is unnecessary. Cod-
liver oil 1s used medically and is well known. But it is not
so widely known that a fish called the menhaden or ‘“ moss
bunkers ”’ of the Atlantic coast produces over 3,000,000 gal-
lons of oil every year and is being rapidly exterminated in
consequence.

Hides, Horns, Hoofs, etc. — Leathers, from ecattle, horses,
sheep, and goats, are used everywhere. Leather manufacture is
one of the great industries of the Eastern states, hundreds of
millions of dollars being invested in its manufacturing plants.
Horns and bones are utilized for making combs, buttons, handles
for brushes, ete. Glue is made from the animal matter in bones.
Ivory, obtained from elephant, walrus, and other tusks, forms a
raluable commercial product. It is largely used for knife
handles, piano keys, combs, ete.

Perfumes. — The musk deer, musk ox, and muskrat furnish a
raluable perfume called musk. Civet cats also give us a somewhat
similar perfume. Ambergris, a basis for delicate perfumes, comes
from the intestines of the sperm whale.

Protozoa. — The Protozoa have playved an important part in rock
building. The chalk beds of Kansas and other chalk formations are
made up to a large extent of the tiny skeletons of Protozoa, called
Foraminifera. Some limestone rocks are also composed in large part of
such skeletons. The skeletons of some species are used to make a polish-
ing powder.
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Sponges. — The sponges of commerce have the skeleton composed of
tough fibers of material somewhat like that of cow’s horn. This fiber is
elastic and has the power of absorbing water. In a living state, the
horny fiber sponge is a dark-colored fleshy mass, usually found attached to
rocks. The warm waters of the Mediterrancan Sea and the West Indies
furnish most of our sponges. The sponges are pulled up from their resting
place on the botton, by means of long-handled rakes operated by men in
hoats or are secured by divers. They are then spread out on the shore in
the sun, and the living tissues allowed to decay; then after treatment
consisting of beating, bleaching, and trimming, the bath sponge is ready
for the market. Some
forms of coral are of com-
mercial value. The red
coral of the Mediter-
ranean Sea 1s the best
example.

Pearls and Mother of
Pearl. — Pearls are prized
the world over. Tt is a
well-known fact that even
m this country pearls of
some value are sometimes
In some countries little metal images of Buddha are found within the shells of

placed within the shells of living pearl oysters or the fresh-water mussel

clams. Over these the mantle of the animal gnd the oyster. Most of

secretes a layer of mother of pearl as is shown in
the picture.

the finest, however, come
from the waters around
Ceylon. If a pearl is cut open and examined carefully, it is found to be
a deposit of the mother-of-pearl layer of the shell around some central
structure. It has been believed that any foreign substance, as a grain
of sand, might irritate the mantle at a given point, thus stimulating it
to secrete around the substance. It now seems likely that most perfect
pearls are due to the growth within the mantle of the clam or oyster
of certain parasites, stages in the development of a flukeworni. The
irritation thus set up in the tissue causes mother of pearl to be deposited
around the source of irritation, with the subsequent formation of a pearl.

The pearl-button industry in this country is largely dependent upon the
fresh-water mussel, the shells of whieh are used. This mussel is being so
rapidly depleted that the national government is working out a means of
artificial propagation of these animals.
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Honey and Wax. — Honeybees! are kept in hives. A colony
consists of a queen, a female who lays the eggs for the colony, the
drones, whose duty it
is to fertilize the eggs,
and the workers.

The cells of the comb
are built by theworkers
out of wax secreted
from the under surface
of their bodies. The
wax 1s cut off in thin
plates by means of the
wax shears between
the two last joints of
the hind legs. These
cells are used to place
the eggs of the queen
i, one egg to each
cell, and the young are
hatched after three
days, to begin life as
footless white grubs.

The young are fed
for several days, then
shut up in the cells
and allowed to form pupz. Eventually they break their cells and
take their place as workers in the hive, first as nurses for the
young and later as pollen gatherers and honey makers.

We have already seen (pages 37 to 39) that the honeybee
gathers nectar, which she swallows, keeping the fluid in her crop
until her return to the hive. Here it is forced out into cells of

Cells of honeyecomb, queen cell on right at bottom.

1 Their daily life may be easily watched in the schoolroom, by means of one of the
many good and cheap observation hives now made to be placed in a window frame.
Direetions for making a small observation hive for school work can be found in
Hodge, Nature Study and Life, Chap. XIV. Bulletin No. 1, U.S. Department of
Agriculture, entitled The Honey Bee, by Frank Benton, is valuable for the amateur
beekeeper. It may be obtained for twenty-five cents from the Superintendent of
Documents, Union Building, Washington, D.C.
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the comb. It isnow thinner than what we call honey. To thicken
it, the bees swarm over the open cells, moving their wings very
rapidly, thus evaporating some of the water. A hive of bees
have been known to make over thirty-one pounds of honey in a
single day, although the average is very much less than this. It
is estimated from twenty to thirty millions of dollars’ worth of
honey and wax are produced each year in this country.

Cochineal and Lac. — Among other products of insect origin
is cochineal, a red coloring matter, which consists of the dried
bodies of a tiny insect, one of the plant lice which lives on the
eactus plants in Mexico and Central America. The lac insect,
another one of the plant lice, feeds on the juices of certain trees
in India and pours out a substance from its body which after
treatment forms shellac. Shel-
lac 1s of much use as a basis
for varnish.

Gall Insects. — Oak galls,
growths caused by the sting of
wasp-like insects, give us prod-
ucts used in ink making, in tan-
ning, and in making pyrogaliic
acid which is much used in
developing photographs.

Insects destroy Harmful
Plants or Animals. — Some
forms of animal life are of great

importance because of their de-
An insect fri>nd of man. Anichneumon

AT BT 15 ok ce o llny /55 2zes ane® FENIEHODN G harmful plants or

the burrow of a boring insect harmful  qnimals.
to that tree.

A near relative of the bee,
called the ichneumon fly, does man indirectly considerable good
because of its habit of laying its eggs and rearing the young in
the bodies of caterpillars which are harmful to vegetation. Some
of the ichneumons even bore into trees in order to deposit their
egegs in the larve of wood-boring inseets. It is safe to say that
the ichneumons save millions of dollars yearly to this country.

Severai beetles are of value to man. Most important of these
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is the natural enemy of the orange-tree seale, the ladyvbug, or
ladybird beetle. In New York state it may often be found feed-
ing upon the plant lice, or aphids, which live on rosebushes.  The
carrion beetles and many water beetles act as scavengers.  The
sexton beetles bury dead careasses of animals.  Ants in tropical
countries are particularly useful as scavengers.

Insects, besides pollinating flowers, often do a service by eating
harmful weeds. Thus many harmful plants are kept in check.
We have noted that they spin silk, thus forming clothing; that
in many ecases they are preyed upon, and that they supply an
enormous multitude of birds, fishes, and other animals with food.

Use of the Toad. — The toad is of great economic importance
to man because of its diet. No less than cighty-three species of
insects, mostly injuri-
ous, have been proved
toenter into the dietary.
A toad has been ob-
served to snap up one
hundred and twenty-
cight flies in half an
hour. Thus at a low
estimate it could easily
destroy one hundred
insects during a day
and do an immense ser-
vice to the garden dur-
ing the summer. It has
been estimated by Kirk-
land that a single toad may, on account of the cutworms which
it kills, be worth $19.88 each season it lives if the damage done
by each cutworm be estimated at only one cent. Toads also
feed upon stugs and other garden pests.

Birds eat Insects. — The food of birds makes them of the
greatest economic importance to our country. This is because
of the relation of insects to agriculture. A large part of its diet
of most of our native birds includes insects harmful to vegetation.
Investigations undertaken by the United States Department of

HUNTER, CIv. BI.— 14

The common toad, an insect eater.
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Agriculture (Division of Biological Survey) show that a surpris-
ingly large number of birds once believed to harm crops really
perform a service by killing injurious insects. Iven the much
maligned crow lives to some extent upon insects. Swallows in the
Southern states kill the cotton-boll weevil, one of our worst insect
pests.  Our earliest visitor, the
bluebird, subsists largely on injuri-
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May Beotios | [ Stink Bugs Files ous insects, as do woodpeckers,
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does much good by feeding upon
noxious insects. Birds use the
food substances which are most
abundant around them at the
time.!
Birds eat Weed Seeds. — Not
RED WINGED BROWN THRUSH CRQWBLACKBIRD . hd .4 ' o
sCackpino only do birds aid man in his
\ battles with destructive insects,
but seed-cating birds eat the seeds
of weeds. Our native sparrows
AMERICAN CROW CAT BIRD ENGLISH SPARROW (Ilot the English SI)&I‘I‘O\V), t-}.le
Food of some common birds. Which MOUrning dOVG, bobwhite, and
of the above birds should be pro- other birds feed largely upon the
tected by man and why ?
seeds of many of our common
weeds. This fact alone is sufficient to make birds of vast eco-
nomic importance.
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1 The following quotation from I. P. Trimble, A Treatise on the Insect Enemies of
Fruit and Shade Trees, bears out this statement: ‘*On the fifth of May, 1864, . . .
seven different birds . . . had been feeding freely upon small beetles. . . .  There
was a great flight of beetles that day; the atmosphere was teeming with them.
A few days after, the air was filled with Ephemera flies, and the same speeies of birds
were then feeding upon them.”

During the outbreak of Rocky Mountain_locusts in Nebraska in 1874-1877,
Professor Samuel Aughey saw a long-billed marsh wren carry thirty locusts to her
young in an hour. At this rate, for seven hours a day, a brood would consume 210
loeusts per day, and the passerine birds of the eastern half of Nebraska, allowing
only twenty broods to the square mile, would destroy daily 162,771,000 of the
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Not all birds are seed or insect feeders. Some, as the cormorants,
ospreys, gulls, and terns, are active fishers. Near large cities
gulls especially act as scavengers, destroying much floating gar-
bage that otherwise might be washed ashore to become a menace
to health. The vultures of India and semitropical countries are
of immense value as scavengers. Birds of prey (owls) eat living
mammals, including many rodents ; for example, field mice, rats,
and other pests.

Extermination of our Native Birds. — Within our own times
we have witnessed the almost total extermination of some species
of our native birds. The American passenger pigeon, once very
abundant in the Middle West, is now extinct. Audubon, the
greatest of all American bird lovers, gives a graphic account of
the migration of a flock of these birds. So numerous were they
that when the flock rose in the air the sun was darkened, and
at might the weight of the roosting birds broke down large branches
of the trees in which they rested. To-day not a single wild speci-
men of this pigeon can be found, because they were slaughtered
by the hundreds of thousands during the breeding season.
The wholesale killing of the snowy egret to furnish ornaments
for ladies’ headwear is another example of the improvidence
of our fellow-countrymen. Charles Dudley Warner said, ¢ Feathers
do not improve the appearance of an ugly woman, and a pretty
woman needs no such aid.”  Wholesale killing for plumage, eggs,
and food, and, alas, often for mere sport, has reduced the number
of our birds more than one half in thirty states and territories within
the past fifteen years. Every crusade against indiscriminate
killing of our native birds should be welcomed by all thinking

pests.  The average locust weighs about fifteen grains, and is capable each day of
consuming its own weight of standing forage crops, which at $10 per ton would be
worth $1743.26. This ease muay serve as an illustration of the vast good that is
done every year by the destruction of insect pests fed to nestling birds.  And it
should be remembered that the nesting season is also that when the destruction of
injurious insects is most needed ; that is, at the period of greatest agricultural
activity and before the parasitic insects can be depended on to reduce the pests.
The encouragement of birds to nest on the farm and the discouragement of nest
robbing arc therefore more than mere matters of sentinient ; they return an actual
cash equivalent, and have a definite bearing on the success or failure of the crops. —
Year Book of the Department of Agriculture.
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Americans. The recent McLane bill which aims at the protee-
tion of migrating birds and the bird-protecting clause of the
recently passed tariff bill shows that this country is awaking to
the value of her bird life.  Without the birds the farmer would
have a hopeless fight against inseet pests.  The effect of killing
native birds is now well seen in Italy and Japan, where inseets are
increasing and do greater damage each year to crops and trees.

Of the eight hundred or more species of birds in the United
States, only six species of hawks (Cooper’s and the sharp-shinned
hawk in particular), and the great horned owl, which prey upon
useful birds; the sapsucker, which kills or injures many trees be-
rause of its fondness for the growing layer of the tree ; the bobolink,
which destroys yearly $2,000,000 worth of rice in the South ; the
crow, which feeds on crops as well as insects; and the English
sparrow, may be considered as enemies of man.

The English Sparrow. — The English sparrow is an example of
a bird introduced for the purpose of insect destruction, that has
done great harm because of its relation to our native birds. In-
troduced at Brooklyn in 1830 for the purpose of exterminating
the cankerworm, it soon abandoned an insect diet and has driven
out most of our native insect feeders. Investigations by the
United States Department of Agriculture have shown that n
the country these birds and their young feed to a large extent
upon grain, thus showing them to be injurious to agriculture.
Dirty and very prolific, it already has worked its way from the
Last as far as the Pacific coast. In this area the bluebird, song
sparrow, and yellowbird have all been forced to give way, as well
as many larger birds of great economic value and beauty. The
Iinglish sparrow has become a pest especially in our cities, and
should be exterminated in order to save our native birds. It is
feared in some quarters that the KEnglish starling which has re-
cently been introduced into this country may in time prove a
pest as formidable as the Iinghsh sparrow.

Food of Snakes. — Probably the most disliked and feared of all
animals are the snakes.  This feeling, however, is rarely deserved,
for, on the whole, our common snakes are beneficial to man.  The
black snake and the milk snake feed largely on injurious rodents
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mice, ete.), the pretty
green snake eats injurious in-
sects, and the little DeKay
snake feeds partially on slugs.
If 1t were not that the rattle-
snake and the copperhead are
venomous, they also could be
said to be useful, for they live
on English sparrows, rats, mice,
moles, and rabbits.

Food of Herbivorous Ani-
mals. — We must not forget
that other animals besides in-
sects and birds help to keep
down the rapidly growing weeds.
Herbivorous animals the world
over destroy, besides the grass
which they eat, untold multi-
tudes of weeds, which, if un-
checked, would drive out the
useful occupants of the pasture,
the grasses and grains.

(rats,

HARM DONE BY
ANIMALS

Economic Loss from Insects.
— The money value of crops,
forest trees, stored foods, and
other material destroyed annu-
ally by insects is beyond belief.
It is estimated that they get
one tenth of the country’s erops,
at the lowest estimate a matter
of some $%300,000,000 yearly.
“The common schools of the
country cost in 1902 the sum
of $235,000,000, and all higher
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This shows how some snakes (constrie-
tors) kill and eat their prey. (Series
photographed by C. W. Beebe and
Clarence Halter.)
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institutions of learning cost less than %50,000,000, making the
total cost of education in the United States considerably less than
the farmers lost from insect ravages.

“ Furthermore, the yearly losses from insect ravages aggregate
nearly twice as much as it costs to maintain our army and navy ;
more than twice the loss by fire; twice the capital invested in
manufacturing agricultural implements; and nearly three times
the estimated value of the produets of all the {ruit orchards, vine-
yards, and small fruit farms in the country.” — SLINGERLAND.

The total yearly value of all farm and forest products in New
York is perhaps $150,000,000, and the one tenth that the insects
get is worth 815,000,000.

Insects which damage Garden and Other Crops. — The grass-
hoppers and the larvee of various moths do considerable harm
here, especially the “ cab-
bage worm,”” the cutworm,
a feeder on all kinds of
egarden truck, and the corn
worn, a pest on corn, cot-
ton, tomatoes, peas, and
beans.

Among the beetles which
are found in gardens is
the potato beetle, which
destroys the potato plant.
This beetle formerly lived
in Mexico upon a wild
plant of the same family
Cotton-boll weevil. «, larva; b, pupa; ¢, adult. as the I)Otato’ and came

Enlarge_d about four times. (Photographed north upon the introduc-

by Da=Eb0Y tion of the potato into
Colorado, evidently preferring cultivated forms to wild forms of
this family.

The one beetle doing by far the greatest harm in this country is
the cotton-boll weevil.  ITmported from Mexico, since 1892 it has
spread over eastern Texas and into Louisiana. The beetle lays
its eggs in the young cotton fruit or boll, and the larvee feed upon
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the substance within the boll. It is estimated that if unchecked
this pest would destroy yearly one half of the cotton crop,
causing a loss of $250,000,000. Fortunately, the United States
Department of Agriculture is at work on the problem, and, while
it has not found any way of exterminating the beetle as yet, it has
been found that, by planting more hardy varieties of cotton, the
crop matures earlier and ripens before the weevils have increased
in sufficient numbers to destroy the erop (see page 126).

The bugs arc among our most destructive insects. The most
familiar examples of our garden pests are the squash bug; the
chinch bug, which yearly does damage estimated at $20,000,000, by
sucking the juice from the leaves of grain; and the plant lice, or
aphids. One, living on the grape, yearly destroys immense num-
bers of vines in the vineyards of France, Germany, and California.

Insects which harm Fruit and Forest Trees. — Great damage is
annually done trees by the larvee of moths. Massachusetts has

Female tussock moth which has
just emerged from the cocoon
at the left, upon which it has
deposited over two hundred
eggos, (Photograph by Caterpillar of tussock moth. (Photo-
Davison.) eraph by Davison.)

already spent over $3,000,00C in trying to exterminate the imported
gypsy moth. The codling moth, which bores into apples and pears,
is estimated to ruin yearly $3,000,000 worth of fruit in New York
alone, which is by no means the most important apple region of
the United States. Among these pests, the most important to
the dweller in a large city is the tussock moth, which destroys our
shade trees.  The caterpillar may easily be recognized by its hairy,
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tufted red head. The eggs are laid on the bark of shade trees in

what looks like masses of foam. (See figure on page 215.) By

collecting and burning the egg masses in the fall, we may save
many shade trees the following ye:

The larvae of some moths (Lnnagb the treeb by boring into the
wood of the tree on which they live. Such are the peach, apple,
and other fruit-tree borers common in our orchards. Many beetle
larvee also live in trees and kill annually thousands of forest and
shade trees. The hickory borer threatens to kill all the hickory,
trees in the Eastern states.

Among the bugs most destructive to trees are the scale insect
and the plant lice. The San José scale, a native of China, was
introduced into the fruit groves of California about 1870 and has
spread all over the country. A ladybird beetle, which has also been
imported, is the most effective agent in keeping this pest in check.

Insects of the House or Storehouse.— Weevils are the greatest
pests, frequently ruining tons of stored corn, wheat, and other
cereals. Roaches will eat almost anything, even clothing; they
are especially fond of all kinds of breadstuffs. The carpet beetle
is a recognized foe of the housekeeper, the larvee feeding upon all
sorts of woolen material. The larvae of the clothes moth do an
immense amount of damage, especially to stored clothing. Fleas,
lice, and particularly bedbugs are among man’s personal foes.
Besides being unpleasant they are believed to be disease carriers
and as such should be exterminated.!

Food of Starfish. — Starfish are enormously destructive to young clams
and oysters, as the following evidence, collected by Professor A. D. Mead,
of Brown University, shows. A single starfish was confined in an aqua-
rium with fiftv-six young clams.  The largest clam was about the length
of one arm of the starfish, the smallest about ten millimeters in length.
In six days every clam in the aquarium was devoured. Hundreds of
thousands of dollars” damage is done annually to the oysters in Connecti-
cut alone by the ravages of starfish.  During the breeding season of the
clam and oyvster the boats dredge up tons of starfish which are thrown on
shore to dic or to be used as fertilizer,

1 Directions for the treatment of these pests may be found in pamphlets issued
bv the U. S. Department of Agrieulture.
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THE RELATIONS OF ANIMALS TO DISEASE

The Cause of Malaria. — The study of the life history and
habits of the Protozoa has resulted in the finding of many parasitic
forms, and the consequent expla-

nation of some kinds of disease. -"C%

One parasitic protozoan like an @\/
. . =

ameeba 1s called Plasmodium ma- Q‘t ;

larice. 1t causes the disease ‘1 &,

. - d

known as malaria. g S-

K S When a mos Q/

quito (the anopheles) sucks the /'

blood from a person having mala- / i

: : : e (A YN

ria this parasite passes into the ; '.

stomach of the
mosquito:  Af-
ter completing
a part of its life
history  within
the mosquito’s
body the para-
site establishes
itself within the
glands  which
secrete the sa-
liva of the mos-
quito. After The life history of the malarial parasite. This eut of the
about Clght malarial parasite shows parts of thj hm?y of the pmsquit()
B et o ndof man, o wndemind the o butory bl 28
fected IllOS(]llitO bodies into the blood of man. Notice that aftv.r the spores
bibes & person, e O e ahally o sexual stage. Dovel
some of the opment within the ho_(l_v (.)f the nuzsquit.() will only tak_o
])&I‘&Sité‘s are [\)ll‘:‘r'loll‘:?i;\tho parasite is taken into its body at this
introduced into

the blood along with the saliva. These parasites enter the cor-
puscles of the blood, increase in size, and then form spores.  The
rapid process of spore formation results in the breaking down
of the blood corpuscles and the release of the spores, and the
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poisons they manufacture, into the blood. This causes the chill
followed by the fever so characteristic of malaria. The spores
may again enter the Dblood corpuscles and in forty-eight or
seventy-two hours repeat the process thus described, depending
on the kind of malaria they cause. The only cure for the
disease is quinine in rather large doses. This Kkills the parasites
in the blood. But quinine should not be taken except under
a physician’s directions.

The Malarial Mosquito. — Fortunately for mankind, not all
mosquitoes harbor the parasite which causes malaria. The harm-
less mosquito (culex) may be usually distinguished from the
mosquito which carries malaria (anopheles) by the position taken

How to distinguish the harmless mosquito (culex), a, from the malarial mosquito
(anopheles), b, when at rest.  Notice the position of legs and body.

when at rest.  Clulex lays eggs in tiny rafts of one hundred or more
eggs 1in any standing water ; thus the eggs are distinguished from
those of anopheles, which are not in rafts.  Rain barrels, gutters,
or old eans may breed in a short time enough mosquitoes to stock
a neighborhood. The larvee are known as wigglers.  They breathe
through a tube in the posterior end of the body, and may be rec-
ognized by their peculiar movement when on their wayv to the sur-
face to breathe. The pupa, distinguished by a large thoracice
region, breathes through o pair of tubes on the thorax.  The fact
that both larvee and pupze take air from the surface of the water
makes it possible to kill the mosquito during these stages by pour-
ing oil on the surface of the water where they breed.  The intro-
duction of minnows, gold fish, or other small fish which feed
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upon the larve in the water where the mosquitoes breed will do
much to free a neighborhood from this pest. Draining swamps
or low land which holds water after a rain is another method of
extermination. Some of the mosquito-infested districts around
New York ('ity have been almost freed from mosquitoes by
draining the salt marshes where they breed. Long shallow
trenches are so built as to tap and drain off any standing water in
which the eggs might be laid. In this way the mosquito has
been almost exterminated
along some parts of our
New England coast.

Since the begimning of
historical times, malaria
has been prevalent in
regions infested by mos-
quitoes. The ancient city
of Rome was so greatly
troubled by periodic out-
breaks of malarial fever
that a goddess of fever

Swamps are drained and all standing water
~ame to be WOI‘Shiped mn covered with a film of oil in order to ex-

terminate mosquitoes. Why is the oil

order to lessen the severity placed on the surface of the water ?

of what the inhabitants ,
believed to be a divine visitation. At the present time the
malaria of Italy is being sucecessfully fought and conquered by
the draining of the mosquito-breeding marshes. By a little care-
fully directed oiling of water a few boys may make an almost
uninhabitable region absolutely safe to live in. Why not try it
if there are mosquitoes in your neighborhood ?

Yellow Fever and Mosquitoes. — Another disease carried by
mosquitoes is vellow fever. In the year 1878 there were 125,000
cases and 12,000 deaths in the United States, mostly in Alabama,
Louisiana, and Mississippi. During the French occupation of the
Panama Canal zone the work was at a standstill part of the time
because of the ravages of yvellow fever. Before the war with Spain
thousands of people were ill in Cuba. But to-day this is changed,
and yellow fever is under almost complete control, both here and
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in the Canal zone, where the mosquito (stegomyia) which carries

vellow fever exists.
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Notice the difference in the number of yearly
deaths from yellow fever before and after
the American occupation of Havana.

of the pest spots of the West Indies.

due to the

during the
1900 of a
United
States army officers,
headed by Dr. Walter
Reed. Of these men one,
Dr. Jesse Lazear, gave up
his life to prove experi-
mentally that yellow fever
was caused by mosquitoes.
He allowed himself to be
bitten by a mosquito that
was known to have bitten
a yellow fever patient,
contracted the disease,
and  died a martyr to
science. Others, soldiers,
volunteered to further test
by experiment how the
disease was spread, so
that in the end Dr. Reed
was able to prove to the
world that if moesquitoes
could be prevented from
biting people who had
vellow fever the disease
could not be spread. The
accompanying illustration
shows the result of this
knowledge for the city of
Havana. For years Ha-
vana was considered one

This is
experiments
summer of
(‘ommission  of

Visitors shunned this port

and commerce was much affected by the constant menace of
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yellow fever. At the time of the American occupation after the
war with Spain, the experiments referred to above were under-
taken. The city was cleaned up, proper sanitation introduced,
sereens placed m most buildings, and the breeding places of the
mosquitoes were so nearly destroyed that the city was practically
free from mosquitoes. The result, so far as yvellow fever was con-
cerned, was startling, as you can see by reference to the chart.
Notice also the rise in the death rate when the young Cuban
Republic took control. How do
vou account for that 2 We all know
what American scientific medicine
and sanitation is doing in Panama
and in the Philippines.

Other Protozoan Diseases. —
Many other diseases of man are
probably caused by parasitic pro-
tozoans. Dysentery of one kind
appears to be caused by the pres-
ence of an amceba-like animal in the
digestive tract which comes usually
through an impure water supply.
Smallpox, rabies, and possibly other
diseases are caused by protozoans. Smallpox, which was once the
most dreaded disease known to man, because of its spread in
epidemics, has been conquered by vaceination, of which we shall
learn more later. The death rate from rabies or hydrophobia has
in a like manner been greatly reduced by a treatment founded on
the same principles as vaccination and invented by Louis Pasteur.

Another group of protozoan parasites are called trypanosomes.
These are parasitic in insects, fish, reptiles, birds, and mammals
in various parts of the world. They cause various diseases of
cattle and other domestic animals, being carried to the animal in
most cases by flies.  One of this family is believed to live in the
blood of native African zebras and antelopes; seemingly it does
them no harm. But if one of these parasites iz transferred by the
dreaded tsetse fly to one of the domesticated horses or cattle of
the colonist of that region, death of the animal results.

Stegomyia, the carrier of yellow
fever. (After Howard.)
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Another fly carries a species of trypanosome to the natives of
Central Africa, which causes “ the dreaded and incurable sleep-
ing sickness.” This disease carries off more than fifty thousand
natives yearly, and many Europeans have succumbed to it. Its
ravages are now largely confined to an area near the large Central
African lakes and the Upper Nile, for the fly which carries the
disease lives near water, seldom going more than 150 feet from
the banks of streams or lakes. The British government is now
trying to control the disease in Uganda by moving all the villages
at least two miles from the lakes and rivers. Among other
diseases that may be due to protozoans is kala-agar, a fever in hot
Asiatic countries which is probably carried by the bedbug, and
African tick fever, probably carried by a small insect called the
tick. Bubonic plague, one of the most dreaded of all infectious
diseases, 1s carried to man by fleas from rats. In this country
many fatal diseases of cattle, as ““ tick,” or Texas cattle fever, are
probably caused by protozoans.

The Fly a Disease Carrier. — We have already seen that mos-
quitoes of different species carry malaria and yellow fever. An-
other rather recent addition to the black list is the house fly or
typhoid fly. We shall see later with what reason this name
is given. The development of the typhoid fly is extremely
rapid. A female may lay from one hundred to two hundred
eges.  These are usually deposited in filth or manure.  Dung heaps

AP
\y@
IAY,

Life history of house fies, showing from left to right the cges, larve,
pupee, and adult flies. (Photograph, about natural size, by Overton.)
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about stables, privy vaults, ash heaps, uncared-for garbage cans,
and fermenting vegetable refuse form the best breeding places for
flies. In warm weather, the eggs hatch a

day or so after they are laid and become
larvee, called maggots.
week of active feeding, these wormlike
maggots become quiet and go into the
pupal stage, whence under favorable con-
ditions they emerge within less than an-
other week as adult flies. The adults
breed at once, and in a short summer there
may be over ten generations of flies. This
accounts for the great number. Fortu-
nately relatively few flies survive the

After about one

winter. The membranous wings of the Thefootof afly, showing the

hooks, hairs, and pads

adult fly appear to be two in number, a whinh collast snd: oo
second pair being reduced to tiny knobbed bacteria. The fly doesn’t

hairs called balancers.

K wipe his feet.
The head is freely

movable, with large compound eyes. The mouth parts form a
proboseis, which is tonguelike, the animal obtaining its food by

lapping and sucking.

The foot shows a wonderful adaptation for

clinging to smooth surfaces.
Two or three pads, each of
which bears tubelike hairs that
secrete a sticky fluid, are found
on its under surface. It is by
this means that the fly is able
to walk upside down, and carry
bacteria on its feet.

The Typhoid Fly a Pest. —
The common fly is recognized
as a pest the worid over. Flies
have long been known to spoil
food through their filthy habits,

Colonies of bacteria which have developed
in a culture medium upon which a
fly was allowed to walk.

but it is more recently that the
very serious charge of spread of
diseases, caused by bacteria, has
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been laid at their door. In a
recent experiment two young
men  from the Conneeticut
Agricultural Station found that
a single flv might carry on its
feet anywhere from 500 to
6,600,000 bacteria, the average
L number being over 1,200,000.

. I
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= include those of typhoid fever,
tuberculosis, summer com-
plaint, and possibly other
diseases. A recent pamphlet

Showing how flies may spread disease by . , ,
means of contaminating food. IJUbllshed by the Merchants

Association in New York City
shows that the rapid inerease of flies during the summer months
has a definite correlation with the increase in the number of cases

of summer complaint. Observations in other cities seem to show

the increase in number of typhoid cases in the early fall is due,

in part at least, to the same

cause. A terrible toll of dis-

ease and death may be laid at ]A

the door of the typhoid fly. :: I
f
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Recently the stable fly has
been found to carry the dread
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f“l .\(1((1)11'1,, of windows a.nd for the decrease in typhoid after the

doors during the breeding flies were kept out of the toilets.
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season, will all play a part in the reduction of flies. To the motto
“swat the fly ” should be added, “remove their breeding places!”

Other Insect Disease Carriers. — Fleas and bedbugs have been
recently added to those insects proven to carry disease to man.
Bubonic¢ plague, which i1s primarily a disease of rats, is un-
doubtedly transmitted from the infected rats to man by the fleas.
Fleas are also believed to transmit leprosy although this is not
proven.

To rid a house of fleas we must first find their breeding places.
Old carpets, the sleeping places of cats or dogs or any dirty un-
swept corner may hold the eggs of the flea. The young breed in
cracks and crevices, feeding upon organie
matter there. Eventually they come to live
as adults on their warm-blooded hosts, cats,
dogs, or man. Evidently destruction of the
breeding places, careful washing of all in- \
fected areas, the use of benzine or gasoline Flea which transmits Bu-
in crevices where the larvae may be hid are i’(‘:’l‘:an’_’lag“" from, gk
the most effective methods of extermina-
tion. Pets which might harbor fleas should be washed frequently
with a weak (two to three per cent) solution of creolin.

Bedbugs are difficult to prove as an agent in the transmission of
disease but their disgusting habits are sufficient reason for their
extermination. It has been proven by experiment that they may
spread typhoid and relapsing fevers. They prefer human blood
to other food and have come to live in bedrooms and beds because
this food can be obtained there. They are extremely difficult to
exterminate because their flat body allows them to hide in cracks
out of sight. Wooden beds are thus better protection for them
than iron or brass beds. Boiling water poured over the cracks
when they breed or a mixture of strong corrosive sublimate four
parts, aleohol four parts and spirits of turpentine one part, are
effective remedies.

How the Harm done by Insects is Controlled. — The com-
bating of insects is directed by several bodies of men, all of
which have the same end in view. These are the Bureau of
Entomology of the United States Department of Agriculture,

HUNTER, CIV. BL. — 15
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the various state experiment stations, and medical and civie
organizations.

The Bureau of Entomology works in harmony with the other
divisions of the Department of Agriculture, giving the time of its
experts to the problems of controlling insects which, for good or
ill, influence man’s welfare in this country. The destruction of
the malarial mosquito and control of the typhoid fly; the de-
struction of harmful insects by the introduction of their natural
enemies, plant or animal; the perfecting of the honeybee (see
Hodge, Nature Study and Life, page 240), and the introduction of
new species of insects to pollinate flowers not native to this country
(see Blastophaga, page 43), are some of the problems to which these
men are now devoting their time.

All the states and territories have, since 1888, established state
experiment stations, which work in codperation with the govern-
ment in the war upon injurious insects. These stations are often
connected with colleges, so that young men who are interested in
this kind of natural science may have opportunity to learn and to
help.

The good done by these means directly and indirectly is very
great. Bulletins are published by the various state stations and
by the Department of Agriculture, most of which may be obtained
free. The most interesting of these from the high school stand-
point arc the Farmers’ Bulletins, issued by
the Department of Agriculture, and the
Nature Study pamphlets issued by the
(‘ornell University in New York state.

Animals Other than Insects may be Dis-
© ease Carriers.— The common brown rat is

a an example of a mammal, harmful to civi-
lized man, which has followed in his foot-

This diagram shows how StePs all over the world. Starting from
bubonic plague is carried China, it spread to eastern Europe, thence

(tl(i)a;;f:;{. Bsplain the 40 wostorn Europe, and in 1775 it had

obtained a lodgment in this country. In
seventy-five vears it reached the Pacific coast, and is now fairly
common all over the United States, being one of the most prolific

[s

ubonic
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of all mammals. Rats are believed to carry bubonic plague, the
“ Black Death 7 of the Middle Ages, a disease estimated to have
killed 25,000,000 people during the fourteenth century. The rat,
like man, is suseeptible to plague ; fleas bite the rat and then biting
man transmit the disease to him. A determined effort is now being
made to exterminate the rat because of its connection with
bubonic plague.

Other Parasitic Animals cause Disease. — Besides parasitic
protozoans other forms of animals have been found that cause
disease. Chief among these are certain round and flat worms,
which have come to live as parasites on man and other animals.
A one-sided relationship has thus come into existence where the
worm receives its living from the host, as the animal 1s called on
which the parasite lives. Consequently the parasite frequently
becomes fastened to its host during adult life and often is reduced
to a mere bag through which the fluid food prepared by its host is
absorbed. Sometimes a complicated life history has arisen from
their parasitic habits. Such is seen in the
life history of the hver fluke, a flatworm
which kills sheep, and in the tapeworm.

Cestodes or Tapeworms. — These para-
sites infest man and many other vertebrate
animals. The tapeworm (T@nia solium)
passes through two stages in its life history,
the first within a pig, the second within the
intestine of man. The developing eggs are
passed off with wastes from the intestine
of man. The pig, an animal with dirty

The life cyele of a tape-

worm. (1) The eggs are
taken in with filthy food
by the pig; (2) man

habits, may take in the worm embryos
with its food. The worm develops within
the intestine of the pig, but soon makes its
way into the muscle or other tissues. It
18 here known as a bladderworm.

eats undercooked pork
by means of which
the bladder worm (3) is
transferred to his own
intestine (4).

If mman eats raw or undercooked

pork containing these worms, he may become a host for the tape-

wornmni.

Thus during its complete life history it has two hosts.

Another common tapeworm parasitic on man lives part of its life as

an embryo within the muscles of cattle.

The adult worm consists
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of a round headlike part provided with hooks, by means of which
it fastens itself to the wall of the intestine. This head now buds
off a series of segmentlike structures, which are practically bags
full of sperms and eggs. These structures, called proglottids,
break off from time to time, thus allowing the developing eggs to
escape. The proglottids have no separate digestive systems, but
the whole body surface, bathed in digested food, absorbs it and is
thus enabled to grow rapidly.

Roundworms. — Still other wormlike creatures called round-
worms are of importance to man. Some, as the vinegar eel found
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that the laziness

in vinegar, or the pinworms parasitic in the
lower intestine, particularly of children, do little
or no harm. The pork worm or trichina, how-
ever, is a parasite which may cause serious
injury. It passes through the first part of its
existence as a parasite in a pig or other verte-
brate (cat, rat, or rabbit), where it lies, covered
within a tiny sac or eyst, in the muscles of its
Lhosts. If pork containing these worms is eaten
by man in an uncooked condition, the cyst is
dissolved off by the action of the digestive
fluids, and the living trichina becomes free in the
intestine of man. Here it bores its way through
the intestine walls and enters the muscles, caus-
ing inflammation there. This causes a painful
and often fatal disease known as (richinosis.

The Hookworm. — The discovery by Dr. C.
W. Stiles of the Bureau of Animal Industry,
and shiftlessness of the “ poor whites ” of the

South is partly due to a parasite called the hookworm, reads like

a fairy tale.

The people, largely farmers, become infected with a larval stage
of the hookworm, which develops in moist earth. It enters the
body usually through the skin of the feet, for children and adults
alike, In certain localities where the disease Is common, go bare-
foot to a considerable extent.

A complicated journey from the skin to the intestine now fol-
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lows, the larve passing through the veins to the heart, from there
to the lungs; here they bore into the air passages and eventually
work their way by way of the windpipe into the intestine. One
result of the injury of the lungs is that many thus infected are
subject to tuberculosis.  The adult worms, once in the food tube,
fasten themselves and feed upon the blood of their host by pune-
turing the intestine wall. The loss of blood from this cause is
not sufficient to account for the bloodlessness of the person in-
feeted, but it has been discovered that the hookworm pours out a

A family suffering from hookworm.

poison into the wound which prevents the blood from elotting
rapidly (see page 315); hence a considerable less of blood occurs
from the wound after the worm has finished its meal and gone to
another part of the intestine.

The cure of the disease is very easy; thymol is given, which
weakens the hold of the worm, this being followed by
Epsom salts.  For years a large area in the South undoubtedly
has been retarded in its development by this parasite ; hundreds of
millions of dollars and thousands of lives have been needlessly
sacrificed.
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“The hookworm is not a bit spectacular: it doesn’t get itself dis-
cussed in legislative halls or furiously debated in political campaigns.
Modest and unassuming, it does not aspire to such dignity. It is satis-
fied simply with (1) lowering the working efficiency and the pleasure of
living in something like two hundred thousand persons in Georgia and
all other Southern states in proportion; with (2) amassing a death rate
higher than tubereulosis, pneumonia, or typhoid fever; with (3) stub-
hornly and quite effectually retarding the agricultural and industrial de-
velopment of the seetion; with (4) nullifying the benefit of thousands of
dollars spent upon education ; with (5) costing the South, in the course of
a few decades, several hundred millions of dollars.  More serious and
closer at hand than the tanff; more costly, threatening, and tangible
than the Negro problem ; making the menace of the boll weevil laughable
in comparison — it is preéminently the problem of the South.” — Atlanta
('onstitution.

Animals that prey upon Man. — The toll of death from animals
which prey upon or harm man directly is relatively small. Snakes
in tropical countries kill many cattle and not a few people.

The bite of the rattlesnake of our own country, although dangerous,

seldom kills. The dreaded cobra of India has a record of over two hundred
and fifty thousand persons
killed in the last thirty-
five years.  The Indian
government yearly pays
out large sums for the ex-
termination of venomous
snakes, over two hundred
thousand of which have
been killed during a single
: ; : SR TN vear.
A flesh-eating reptile, the alligator. Alligators and Croco-
diles. — These feed on
fishes, but often attack large animals, as horses, cows, and even man.
They seek their prey chiefly at night, and spend the day basking in the
sun. The crocodiles of the Ganges River in India levy a vearly tribute
of many hundred lives from the natives.

Carnivorous animals such as lions and tigers still inflict damage
in certain parts of the world, but as the tide of civilization ad-
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vances, their numbers are slowly but surely decreasing so that as
important factors in man’s welfare they may be considered almost
negligible.
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XVI. THE FISH AND FROG, AN INTRODUCTORY
STUDY OF VERTEBRATES

Problems.— To deternvine how a fish and a frog are fitted
jor the life they lead.

To determine some methods of development in vertebrate
aiinals.

(@) Fishes.

(b) Frogs.

(¢) Other animals.

LLABORATORY SUGGESTIONS

Laboratory ecxercise. — Study of a living fish — adaptations for pro-
tection, locomotion, food getting, ete.
Laboratory demonstration. — The development of the fish or frog cgg.

Visit to the aquarium.— Study of adaptations, economic uses of fishes,
artificial propagation of fishes.

Two Methods of Breathing in Vertebrates. — Vertebrate
animals have at least two methods of getting their oxygen. In
other respects their life processes are nearly similar.  Of all
vertebrates fishes are the only ones fitted to breathe all their lives
under water. Other vertebrates are provided with lungs and
take their oxygen directly from the air.!  We will next take up
the study of a fish to see how it is fitted for its life in the water.

STUDY OF A FISH

The Body. — One of our common fresh-water fish is the bream,
or golden shiner. The body of the bream runs insensibly into the
head, the neck being absent.  The long, narrow body with its
smooth surface fits the fish admirably for its life in the water.
(ertain cells in the skin secrete mucus or slime, another adapta-

1With the exception of a few lungless salamanders. Most salamanders get much

of their supply of oxygen through their moist skins.
()‘5;)
-t )
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tion. The position of the seales, overlapping in a backward di-
rection, is yet another adaptation which aids in passing through
the water. Its color, olive above and bright silver and gold below,
is protective.  Can you see how?

v

, anal fin; D, pelvie fin;

The bream. A, dorsal fin; B, caudal fin; (
E, pectoral fin.

The Appendages and their Uses. — The appendages of the fish
congist of paired and unpaired fins. The paired fins are four in
number, and are believed to correspond in position and structure
with the paired limbs of a man. Note the illustration above
and locate the paired pectoral and pelvie fins.  (These are so called
because they are attached to the bones forming the pectoral and
pelvie girdles.  (See page 268.) Find, by comparison with the
Figure, the dorsal, anal, and caudal fins. How many unpaired
fins are there?

The flattened, muscular body of the fish, tapering toward the
caudal fin, is moved from side to side with an undulating motion
which results in the forward movement of the fish. This move-
ment is almost identical with that of an oar in sculling a boat.
Turning movements are brought about by use of the lateral fins
in much the same way as a boat is turned. We notice the dorsal
and other single fins are evidently useful in balancing and steer-
ing.

The Senses. — The position of the eyes at the side of the head

is an evident advantage to the fish. Why? The eye is globular
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in shape. Such an eye has been found to be very nearsighted.
Thus it is unlikely that a fish is able to perceive objects at any
great distance from it. The eyes are unprotected by eyelids, but
the tough outer covering and their position afford some protection.

Feeding experiments with fishes show that a fish becomes aware
of the presence of food by smelling it as well as by seeing it. The
nostrils of a fish can be proved to end in little pits, one under each
nostril hole. Thus they differ from our own, which are connected
with the mouth cavity. In the catfish, for example, the barbels,
or horns, receive sensations of smell and taste. They do not
perceive odors as we do for a fish perceives only substances that
are dissolved in the water in which it lives. The senses of taste
and touch appear to be less developed than the other senses.

Along each side of most fishes is a line of tiny pits, provided with
sense organs and connected with the central nervous system of the
fish. This area, called the lateral line, is believed to be sensitive
to mechanical stimuli of certain sorts. The ““ ear”” of the fish is
under the skin and serves partly as a balancing organ.

Food Getting. — A fish must go after its food and seize it, but
has no structures for grasping except the teeth. Consequently
we find the teeth small, sharp, and numerous, well adapted for
holding living prey. The tongue in most fishes is wanting or
very slightly developed.

Breathing. — A fish, when swimming quietly or when at rest,
seems to be biting when no food is present. A reason for this act
is to be seen when we introduce a little finely powdered carmine
into the water near the head of the fish. It will be found that a
current. of water enters the mouth at each of these biting move-
ments and passes out through two slits found on each side of the
head of the fish. Investigation shows us that under the broad, flat
plate, or operculum, forming each side of the head, lie several long,
feathery, red struetures, the g¢ills.

Gills. — If we examine the gills of any large fish, we find that a
single gill is held in place by a bony arch, made of several pieces
of bone which are hinged in such a way as to give great flexibility
to the gill arch, as the support is called. Covering the bony
framework, and extending from it, are numerous delicate filaments
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covered with a very thin membrane or skin. Into each of these
filaments pass two blood vessels ; in one blood flows downward and
in the other upward. Blood
reaches the gills and is carried
away from these organs by
means of two large vessels which
pass along the bony arch pre-
viously mentioned. In the gill
filament the blood comes into
contact with the free oxygen of
the water bathing the gills. An
exchange of gases through the
walls of the gill filaments results

Diagram of the gills of a fish. (H), the
heart which forces the blood into the

in the loss of carbon dioxide tubes (V), which run out into the gill
and a g&ill of oxygen by the filaments. A gill bar (G) supports

. each gill. The blood after exchang-
blood. The blood carries OXYy- ing its carbon dioxide for oxygen is

gen to the cells of the body :‘h’r’gugﬂtﬂf;’;i‘;w“(g‘)”f the body
and (as work is done by the

cells as a result of the oxidation of food) brings carbon dioxide
back to the gills.

Gill Rakers. — If we open wide the mouth of any large fish and
look inward, we find that the mouth cavity leads to a funnel-like
opening, the gullet. On each side of the gullet we can see the gill
arches, guarded on the inner side by a series of sharp-pointed struec-
tures, the gill rakers. In some fishes in which the teeth are not
well developed, there seems to be a greater development of the
gill rakers, which in this case are used to strain out small organisms
from the water which passes over the gills. Many fishes make
such use of the gill rakers. Such are the shad and menhaden,
which feed almost entirely on plankton, a name given to the
small plants and animals found by millions in the water.

Digestive System. — The gullet leads directly into a baglike stomach.
There are no salivary glands in the fishes. There is, however, a large
liver, which appears to be used as a digestive gland. This organ, because
of the oil it contains, is in some fishes, as the cod, of considerable economic
importance. Many fishes have outgrowths like a series of pockets from
the intestine. These structures, called the pyloric ceca, are believed to
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secrete a digestive fluid. The intestine ends at the vent, which is usually
located on the under side of the fish, immediately in front of the anal fin.

Swim Bladder. — An organ of unusual significance, called the swim
bladder, occupies the region just dorsal to the food tube. In young fishes
of many species this is connected by a tube with the anterior end of the
digestive tract. In some forms this tube persists throughout life, but in
other fishes it becomes clesed, a thin, fibrous cord taking its place. The
swim bladder +ids in giving the fish nearly the same weight as the water

A fislh opened to show H, the heart; G, the gills; L, the liver; S, the stomach;
I, the intestine ; O, the ovary; K, the kidney, and B, the air bladder.

it displaces, thus buoying it up. The walls of the organ are richly sup-
plied with blood vessels, and it thus undoubtedly serves as an organ for
supplying oxygen to the blood when all other sources fail. In some
fishes (the dipnoi, page 187) it has come to be used as a lung.

Circulation of the Blood. — In the vertebrate animals the blood is
said to circulate in the body, because it passes through a more or less closed
system of tubes in its course around the body. In the fishes the heart is
a two-chambered muscular organ, a thin-walled awricle, the receiving
chamber, leading into a thick-walled muscular ventricle from which the
blood is forced out. The blood is pumped from the heart to the gills;
there it loses some of its earbon dioxide; it then passes on to other parts
of the body, eventually breaking up into very tiny tubes called capillaries.
From the capillaries the blood returns, in tubes of gradually increasing
diameter, toward the heart again.  The body cells lie between the smallest
branches of the eapillaries. Thus they get from the blood food and oxy-
gen and return to the blood the wastes resulting from oxidation within
the ecell body. During its course some of the blood passes through the
kidneys and is there relieved of part of its nitrogenous waste. Circulation
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of blood in the body of the fish is rather slow. The temperature of the
blood being nearly that of the surrounding media in which the fish lives,
the animal has incorrectly been given the term *“ cold-blooded.”

Nervous S