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FOREWORD

THe influence of biology on agriculture, food, and health
demands that the principles of general biology and the story of
piological research should be widely known. Yet there are still
many secondary schools in which biology is not a compulsory
subject, and in many schools the syllabus of biology is restricted
to a study of the anatomy of selected plant and animal types.

The reader of the present book will find in it some accounts
of topics which are not at present included in the syllabus of
any elementary examination. I have not hesitated to mention
rases where biology has directly influenced human lives, or
where the history of a discovery illustrates scientific method.
Nevertheless, examination requirements have been kept strictly
in mind, and, to the best of my belief, this book contains the
subject-matter demanded by the examiners of the General Science
Biology Courses of the School Certificate Examinations.

Some teachers may wish to modify the sequence of the material
which follows, and I have therefore subdivided the chapters into
sections which are to some extent complete in themselves. The
omission of any section would not greatly affect the main theme
of the book, which attempts to present biology as a cultural
subject that forms a link between the more exact sciences of
physics and chemistry and the studies of geography, history, and
gconomics.

However, as Professor Hogben has pointed out, ‘“Increasing
recognition of the cultural value of biological study carries with
it both dangers and opportunities.” There is some danger that
a broader field of study in biology will result in sacrifice of
accuracy, and that biology may become a study in which the
pupil will memorize a number of imperfectly understood general-
izations. For, as Goldsmith wrote, “We should teach them as
many of the facts as possible and defer the causes until they seem
of themselves desirous of knowing them.”

In practice, therefore, I hope that this book will be preceded
by, or accompanied by, the study of animals and plants in their
hatural surroundings, and that whenever possible an opportunity
for handling the specimens will be provided. I believe that the
*-aining in careful observation and accurate description is an
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4 MAN AND OTHER LIVING THINGS

important part of the educational value of biology. Moreover,
additional reading is often desirable, and to this end I have
included a bibliography which I hope may prove to be helpful.

I am very grateful to all those who, whether by their encourage-
ment or by their criticism, have directly or indirectly helped me
during the preparation of this book.

I have had some opportunity of testing the value of the approach
and the material of the present book, for it is based on a course
of instruction which has been followed at Marlborough College
during the past five years. In practice the course was designed
to cover one year, comprising one or two forty-minute lessons
each week. Each chapter corresponds approximately to one
week’s study. Many of the pupils, whose ages ranged from
fourteen to seventeen years, would otherwise have received no
instruction in biology during their secondary school career. In
consequence, the text refers to a wide range of topics in order
to stimulate a desire for further knowledge. I am indebted to
my pupils, who, by their reactions to the course, have influenced
the arrangement of this book.
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PART I

CHAPTER I
BIOLOGY

““Where shall I begin, please your Majesty?”’ he asked. ‘“Begin at the
beginning,”’ the King said gravely, ‘“and go on till you come to the end:
then stop.”

Lewis Carrorv, Alice in Wonderland

WHAT is biology and why should it form a part of our education?
An answer to these questions will serve to introduce this text-book
of general biology.

Biology is that branch of science which deals with the structure,
the activities, and the history of all living things, including
ourselves. We see at once that biology, thus defined, must
directly or indirectly include a study of our food, of our health,
and of many other influences in our lives. We shall find that
by studying animals scientists have learnt much about mankind.

It may perhaps surprise you to discover that the study of a
small animal, as, for instance, an earthworm, can bear any
relation to the study of man. Yet it is the same type of chemical
substance which colours our blood and that of the garden worm.
Or perhaps you may wonder whether there can be any practical
value in the study of the development of a fish. Yet when you
reach page 293 you will find that the early (embryonic) stages
of fishes and men are surprisingly similar. We even possess
gill-clefts in our throats when we are very young, which are not
unlike the gill-slits of a fish. The study of animals is closely
related to the study of man. It is important to realize, however,
that very many of the discoveries in biology which have conferred
the greatest benefit on mankind were made by men who were
interested in knowledge and discovery for their own sake, and
not for the practical advantage which they might offer. Indeed,
the practical benefits of a new development in science are often
not apparent at the time of discovery, although in time they may
have far-reaching effects.

Even the destinies of nations have been affected by seemingly
insignificant little animals. For instance, the Negro republic of

15



16 MAN AND OTHER LIVING THINGS

Haiti owes its foundation to the help of a species of mosquito !
In 1801 Napoleon sent a force of 25,000 men to quell a revolt
of the Negro population on Haiti; but of this army 22,000 died
because they were bitten by mosquitoes infected with yellow
fever viruses. The remnants of the frightened army retreated to
France, leaving the Haitians independent. Yellow fever almost
stopped work on the construction of the Panama Canal, until
biologists discovered methods whereby the mosquito which
carried the disease could be controlled.

These are but some of the practical considerations which
illustrate the value of biology in our lives. The increased enjoy-
ment of our surroundings which is stimulated by an interest in
the lives of other animals and of plants is another important
aspect of biology. Biology as a science promotes and directs
powers of accurate observation and provides a framework of
knowledge into which the observed facts may be fitted. Above
all, “Science is a method and not a collection of facts,” so let us
begin with a study of some of the apparatus and methods used
by biologists.

1. DESCRIPTION

Careful and accurate description of animals and plants is the
first essential in biology. The description must be concise, yet
it must be easily understood by other scientists in other countries.

In medieval times the languages of Latin and Greek were the
languages of scholarship, and in that sphere were universally
understood. Most of the terms which we use to describe the
structures of living things and their activities are therefore derived
from Latin or Greek origins. Thus I have before me as I write
these words scientific papers in English, Italian, German, French,
and Portuguese, all dealing with colours in animals. They refer
to certain colour structures as chromatophores, chromatofori,
chromatophoren, chromatophores, and chromatéforos respec-
tively. All these words have a common Greek origin (Gk.,
chroma, colour; pherein, to bear), and refer to particular structures.
The word biology is itself derived from two Greek words—abios,
life, and logos, discourse.

In order to appreciate the difficulties of biological description
try to imagine that you are an explorer who has discovered an
animal previously unknown to science, and that you wish to
send a report of your discovery to a scientific society. A number
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of points must be included in your description. Some of these
are summarized below:

(i) The size, shape, and colour of the specimen,
(ii) A description of the place where it lives.

(iii) How the animal moves.

(iv) Its type of food.

(v) Whether it makes any distinctive noise.

(vi) Whether there are any marked differ-
ences between the males and females
of the species.

(viil) Any characteristic features in the ap-
pearance of the animal (e.g., hair,
scales, horns, wings, legs, tail, ears).

(viii) What other living things feed on it.

And so on.

A description based on the above points would
still be incomplete unless it included also some
account of the internal anatomy of the animal.
In order to investigate the amatomy (Gk., ana,
up; tome, cutting), or internal structure, of the
animal we would need to use scalpels, forceps, a
microscope, and other laboratory instruments.

Still further information concerning the internal
activities of the animal could be gathered by em-
ploying chemical and physical methods of investi-
gation. The study of internal activities is termed Fic. 1. Dracrau

physiology (Gk., physis, nature; logos, discourse). T SHow THE
CarBoN Dioxme
IN BREATH
2. CHEMICAL TESTS f}fm‘:"ﬁ. ‘fh'?&'fe out

As an instance of simple chemical research into “becemes milky a -
an activity of living things we might attempt to colour.
find out what change occurs when we breathe in and out.

Take a test-tube containing lime-water and breathe into it
through a glass tube. The lime-water will turn a cloudy colour.
What is the chemical reason for this?

When we take common chalk, which the chemist calls calcium
carbonate (CaCOyj), and heat it strongly we get lime, or calcium
oxide (CaO). A gas called carbon dioxide (CO,) has been given

off. Water added to lime forms calcium hydroxide (Ca(OH),).

B
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When we breathe into lime-water the carbon dioxide in our
breath combines with the lime to give chalk once more, which
forms in fine particles and clouds the lime-water:

Ca(OH), + CO, > CaCO; + H,O
Yet this experiment is unsatisfactory as it stands, for it does

f J

P+ Rubber
o 5 connective

KK
A ha =

o
]!
‘\‘ |

e Breathing Cube

‘s‘

Fig. 2. EXPERIMENT TO SHOW THAT THE AIR WE BREATHE IN CONTAINS
LEss CARBON DIOXIDE THAN THAT WHICH WE BREATHE OUT
Both flasks contamn lime-water. Air enters through the right-hand flask and leaves by

means of the left flask. ‘The lime-water in the left-hand flask becomes milkier than
that in the right.

not tell us whether we also breathe in carbon dioxide. Examine
Fig. 2, therefore, and see how we may construct an experiment
which also tests the air we breathe in for the presence of carbon
dioxide.

This experiment may be extended to discover whether other
living things also produce carbon dioxide as they breathe, and
this is the experiment illustrated by Fig. 3. It can show us that
earthworms, cockroaches, and even developing seeds breathe in
a somewhat similar manner to ourselves, all giving out CO,.
Plants also breathe in a comparable way, as may be shown
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experimentally if the plant is placed in darkness (see page 111
and Fig. 44).

These and other chemical tests give us good reason for the
opinion that most of our internal activities are shared by simpler
animals, and that we share some also with plants. Experiments
on other living things therefore teach us about ourselves.

Soda-
lime

Direction of To suction-
air-flow pump
— —
%
7
o = g | ‘. : o
La o : )
o N L ? L

Lime-water Animal and Lime-water
damp cottonwoo/

Fic. 3. EXPERIMENT TO SHOW THAT SMALL ANIMALS BREATHE OUT
CARBON DroxipE

The soda-lime absorbs carbon dioxide, and so the lime-water in the left-hand flask remains
clear. The earthworm in the centre flask breathes out carbon dioxide, and so the ime-water
in the right-hand flask becomes cloudy.

3. PrysicaL TEsTs

The study of physics gives us methods and scales for the
measuring of weight, volume, temperature, and movement in
living things.

Measurements of volume are conducted in units called cubic
centimetres, or millilitres, of which one thousand comprise
one litre. One millilitre of water at 4° C. weighs one gramme.
One thousand of these make up one kilogramme.

Length is measured in millimetres, centimetres,! and metres.

! 1 em. = -3937 inch. 1 inch = 2'54 cm.
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Minute lengths are measured in micromns, which have the
symbol u, and are equal to 15, or 0-001, of a millimetre.
Temperature is usually measured on the Centigrade scale, in
which 0° C. is the freezing-point and 100° C. the boiling-point
of water. The Fahrenheit scale, ranging from g2° F. (freezing-

F16. 4. DEVELOPING PEAS GENERATE HEAT

The thermos flask on the left contains dead peas, that on the right living peas, and both
contain cotton-wool. As the peas in the right-hand flask develop they generate heat, and

the y in the ther eter rises. (After two days the dead peas may decompose, and
in so doing also become warmer.)

point) to 212° F. (boiling-point) is also used. Temperature tests
on living things are simple and illuminating. We may easily
examine our own temperature, and we would find that it is
normally about g8-4° F., or 37° C., at all times (except when we
are ill), although the temperature of our surroundings may be
very much lower. We refer to mammals and birds as warm-
blooded because they maintain a steady body-temperature,
which is usually much higher than that of their surroundings;
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the cold-blooded creatures, such as reptiles, amphibians, and
fishes, are so called because their body-temperature is seldom
much higher than that of their surroundings and varies with it.
Plants can also be warmer than their surroundings. The experi-
ment illustrated in Fig. 4 shows that young developing peas
generate heat.

This experiment also shows the value of a comtrel, which is
such an essential feature of most biological experiments. The
temperature difference between the developing peas and their
surroundings is so slight that we must be sure that this tempera-
ture change is an effect of their being alive and is not merely
due to the nearness of the peas to the bulb of the thermometer,
or some other factor. The difference in temperature between the
living and dead peas is therefore a measure of the heat which
living material generates, by reason of its quality of life.

SUMMARY

(1) Living things are related to one another, and so by studying
animals and plants we learn about mankind.

(2) The first stage in the investigation of an unknown animal
or plant consists of accurate and concise description of its structure
and activities.

(3) Methods used by chemists and physicists are employed
also by biologists in their investigations on living things.

(4) Experiments on living things should include controls.
Experimental animals or plants and the controls are maintained
under exactly the same conditions, save for one additional
experimental factor in the experimental animal or plant.

SUGGESTIONS FOR HOME STUDY

(1) Describe as completely as you can, with the help of the sugges-
tions at p. 17, (@) an earthworm, (b) a fish, (¢) a horse.

(2) Construct an experiment to show whether plants breathe out
carbon dioxide (a) in light, (b) in darkness.
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of wings are formed, but in the house-fly the hind pair of
wings are reduced to a pair of drumstick-shaped appendages
called halteres (Gk., halter, weight), or ‘balancers.’

House-flies have wide tastes in food. At one moment a fly
may visit our.dining-tables and delicately drink the milk, and
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Fic. 6. HEAD OF THE HOUSE-FLY, OPENED ON THE LEFT SIDE TO REVEAL
THE FEEDING MECHANISM
Redrawn after Hewitt

then return to his interrupted meal at the local refuse-dump.
Nor is the fly a polite feeder, for he first spits on his food and then
sucks it into his body.

When the head of a fly is examined a large probescis (Gk.,
proboskis, trunk) is seen on the lower side of the head (Plate 1).
As the fly feeds he lowers this proboscis until the pad-like ex-
tremity touches the food. A fluid produced by salivary glands
(Gk., saliva, spittle; L., glans, acorn) in the head is then emitted
on to the food and makes it liquid. As the food becomes fluid
it is sucked by a muscular pump into the body of the fly.
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During its life a fly breathes by a mechanism which differs
greatly from the breathing apparatus in ourselves. If you examine
a fly with a powerful lens (Plate 6) you may see a number of fine
breathing-pores, called spiracles (L., spiraculum, air-hole), on
the sides of the body. Air passes into the body through these pores
and circulates through a fine network of tubes, called trachea
(Fig. 45) (L., trachia, windpipe). These communicate with large
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An abdominal
Proboscis air-sac

F1e. 7. Ar-sacs IN THE Bopy or A House-rLy

The fly has been opened on the left side and the main sacs shown. All other internal
organs and some of the air-sacs have been omitted for the sake of clarity.

Redrawn after Hewitt

air-sacs in the abdomen, thorax, and head, which probably
give buoyancy to the animal and so assist its powers of flight.
The trachez and air-sacs altogether occupy more space in the
body of the fly than any other set of organs.

Two large eyes give the fly a wide field of vision. These eyes,
called compound eyes, consist of about four thousand separate
parts, each provided with a lens, and with a light-sensitive portion
which can perceive a section of the field of view (see Plates 1
and 17). The separate images formed by the distinct parts of the
eye together form an image of the surroundings of the fly. The
lenses, unlike those in our eyes, cannot fogus, and hence the fly
probably cannot perceive objects distinctly. Compound eyes,
which are found in most other insects, are therefore, in spite of
their apparent complexity, less effective in some respects than
our own eyes (p. 154), though probably they are quick to perceive
movement in the external field. In addition to its two large
compound eyes, the fly bears three tiny eyes (ocelli) on the top



THE HOUSE-FLY: A REPRESENTATIVE ANIMAL 25

of its head, which probably distinguish little more than light or
darkness.

If the windows on which flies have rested are examined care-
fully brown specks may be seen. These spots are made up of
waste material which has been expelled, or excreted (L., ex,
out; cernere, to sift), from the body of the fly.

Male and female flies mate and produce large numbers of
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Fic. 8. DiagramMAaTIC VIEws OF THE EYE OF A HoUsE-FLY

A, section through the centre of the eye, showing the many separate units which form
each eye; B, parts of a single unit; C, surface view of a small portion of an eye.

young. In the male the space between the eyes occupies one-fifth
to one-quarter of the head, while in the female fly it is broader,
comprising almost one-third of the head. If the abdomen of a

female fly is cut open in the summer it will be seen to be almost
filled with eggs.

2. THE DEVELOPMENT OF THE HOUSE-FLY

When the female house-fly has mated with the male she
proceeds to lay great numbers of eggs, which will in time develop
to form new flies. Development proceeds in four distinct stages,
which follow one another slowly or rapidly, depending on the
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temperature. The durations of the stages given below are there-
fore only approximations. .

Stage 1. The Egg (Plate 2).! The female fly lays eggs, in
batches of about 120-150, on any decaying material which will
serve as food for the developing young. Rubbish-dumps, old

i i
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Fic. 9. Ecc or THE House-FLY

bread and cakes, rotten fruit or meat, all provide good breeding-
grounds for flies.

Stage 2. The Larva (Plate 2). After a day or two white,
werm-like, legless maggots emerge and feed.. These maggots are
an example of what are known as larvae (L., larva, ghost). These
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Fic. 10. LARvVA oF THE HOUSE-FLY

larve move by the aid of a hook on the head and a series of
spiny pads on the lower surface of the body. They are sensitive
to light and move away from it. They feed voraciously and
grow rapidly, becoming fully grown in about five days in hot
weather.

Stage 3. The Pupa (Plate 2). When the larva is fully grown
it becomes covered with a hard case and forms a pupa (L.,
pupa, puppet), or chrysalis (Gk., chrysos, gold). This is first red,

1 The stages in the development of the blow-fly, shown in Plate 2, resemble the

comparable stages in the house-fly in appearance, though not in size (see Figs. g,
10, 11).
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later brown, and finally black. Within this case the larva changes
into the adult fly.

Stage 4. The Adult (Plate 2). After from three days to
four weeks the transformation is complete, and the adult fly
bursts the pupal case by alternately inflating and contracting an
air-sac (the ptilinum) in the head region.

When the fly emerges it is almost fully grown, and does not
increase greatly in size during the rest of its life.

In hot weather flies may lay eggs about three weeks after they
themselves commenced their life-cycle as such. Since females

Pupa

Fic. 11. Pura oF THE HOUSE-FLY

lay about six batches of eggs a single fly may produce between
600 and goo eggs.

One authority has calculated that the descendants of a single
fly, which deposited her eggs on April 15, might number
5,598,720,000,000 by September 10 of the same year, supposing
that the weather was warm, that all the eggs laid became adults,
and that there were no checks on their multiplication.

3. VARIETY OF FLIES

Most of the flies which live in our houses belong to the species
which the biologist calls Musca domestica,r or house-fly. There
are, however, other species of flies in our houses, principally
Fannia canicularis, or the lesser house-fly. Less frequently stable-
flies and blow-flies, or bluebottles, are found.

1 The significance of these Latin names is discussed in Chapter V.
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Collections of flies made at various towns in Britain have shown
that more than four-fifths of the flies found in houses are of the

species Musca domestica.

PERCENTAGES OF SPECIES
Locarrry CI:&B:;Bcf‘:;D Musca Fannia Other
domestica canicularis Species
London 35,000 81-0 170 20
Manchester. 3,856 875 15 10
Birmingham 24,562 g1 47 4'3

It is interesting to collect some of the flies in rooms and to
examine the differences which separate the species. The lesser
house-fly is distinguished
from the common house-
fly by a number of small
differences, chiefly by its
smaller size and the pat-
terns of the veins on the
wings (Fig. 12).

The stable-fly (Stomoxys
calcitrans) is about the
same length as the house-
fly, but is broader; it
is a blood-sucking insect
and has a shining black
pointed proboscis project-
ing in front of the head.

The blow-fly, or blue-
bottle (Calliphora erythro-
cephala) (Plate 2), is
much larger than the
house-fly, and is easily distinguished by the persistent buzzing
noise which it makes as it flies.

Fic. 12. DIAGRAMS SHOWING DIFFERENCES
BETWEEN TWO SPECIES OF HOUSE-FLY

Above is the right wing of Fannia canicularis and below
that of Musca domestica.

-

4. FLIES AND oTHER Livine THINGS

Many of man’s diseases are caused by ‘microbes,” which travel
from a diseased person to a healthy one (Chapter XX). Flies
feed indiscriminately on sewage, refuse, and the food on our



THE HOUSE-FLY: A REPRESENTATIVE ANIMAL 29

tables. Hence it is not surprising to find that they may affect
mankind by acting as carriers of microbes which cause disease.

Their habit of spitting on their food before they absorb it
allows them to suck disease microbes from sewage or retuse, and
later to spit them on the food which we eat. Microbes also cling
to the hairs on their legs. In tropical countries, where sanitation
is poor, flies abound, and spread many dangerous diseases,
including cholera, typhoid, and dysentery. In England their
influence is less, but they are known to transmit the disease
called ‘summer diarrhoea,” which kills large numbers of infants
each year.

Flies have many enemies which prey on them; some are
other insects, others are mites, tiny worms, and minute animals
called protozoa (Gk., protos, first; zoa, animals) (Chapter XXI).
The most important enemy of the house-fly, however, belongs
to a type of living organism called a fungus (Chapter XXII).

In the early autumn many dead flies will be found on the
window-panes, walls, and ceilings. If you look at one of these
with a lens you will see that its body is swollen, and that white
bands occur between the segments (L., segmentum, piece) of
the abdomen. These are signs of a fungus called Empusa musce,
an organism with a body composed of threads, which penetrate
into the body of the fly and kill it.

We do not know exactly where house-flies spend the winter.
Probably most of those which survive the attacks of Empusa
crawl into cracks in the wall or other warm places and sleep there
until the following spring.

5. THE HoOUSE-FLY As A REPRESENTATIVE ANIMAL

A study of the house-fly shows that it performs many of the
activities which operate also in our lives. Like the house-fly,
we grow, develop, feed, move, breathe, excrete, respond to our
surroundings, and reproduce our kind. If you consider some of
the other animals familiar to you you will realize that most if
not all of the activities enumerated above are performed by
all animals; in fact, they are usually cited as the qualities which
distinguish living organisms from non-living things.

But the study of the anatomy of the house-fly shows that
although animals share certain activities the organs by which
they may perform these functions often differ greatly in form.
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We, for instance, have internal skeletons made of bones, but the
house-fly has a skeleton which covers its body; our development
differs greatly from that of the fly; our eyes are very different.
These and many other differences show that while animals have
a perfection of structure which fits them for their requirements
and habits they are often built in very different ways.

SUMMARY

(1) The study of the life of the house-fly shows that, like our-
selves, it grows, develops, feeds, moves, excretes, breathes,
responds to its surroundings, and reproduces its kind.

(2) There are a number of distinct types, or species, of fly,
which nevertheless resemble each other in their general appear-
ance.

(3) House-flies carry the germs which cause some human
diseases; they are themselves attacked by various living things.

SUGGESTIONS FOR HOME STUDY

(1) Describe, with large and clearly labelled drawings, the structure
and the life-history of a house-fly. How would you distinguish between
Musca domestica and the other species of house-fly ?

(2) In what ways does a house-fly (a) resemble, (b) differ from,
ourselves ?



CHAPTER III

THE MEADOW BUTTERCUP: A REPRESENTATIVE’
PLANT

Fix’d like a plant on his peculiar spot,
To draw nutrition, propagate, and rot.

A. PoPE, An Essay on Man

WE instinctively associate life with movement, yet the flowering
plants, which do not move as a whole, although parts of their
bodies may alter in position, are nevertheless living things.
Though they are stationary they perform most of the activities
of a living animal, but in different ways.

. The common meadow buttercup will serve to illustrate the
main features of a plant. The majority of flowering plants do
not differ very greatly from one another in their general plan of
structure or in their activities, and the description of the agatomy-
and activitics of a buttercup is therefore also applicable in the
main to many other plants.

1. THE ApuLt PLANT

The branched and spread-out body of a buttercup, its lack of
movement and its green colour are in contrast with the active
and compact house-fly. Yet, in spite of their irregular shapes,
flowering plants are constructed on a common plan. That part
below the ground is called the root, while the shoet rises above
the ground and consists of a stem bearing leaves and flowers.

"he root serves three main functions:

b, (i) It anchors the plant firmly in the soil.
'l (ii) It absorbs water and other chemical substances from
the soil.
(iii) In some plants it stores reserve supplies of food.

In some root-systems (e.g., those of most trees and shrubs, of
the wallflower, and of the dandelion) there is one main root,
called the tap-root, and from this smaller roots branch. In
many other plants (e.g., buttercup, grasses, cereals) a number of
roots, equal in size, form a fibrous root-system. The shoot

31
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consists of a main stem, bearing branches, leaves, and flowers.
Leaves arise at fairly regular intervals from regions of the stem
known as nodes (L., nodus, knob). The leafless portions of the
stem between successive nodes are called internmodes. The
angle between a leaf and a stem is called the axil (L., axilla,
armpit) of the leaf, and at this point an axillary bud is usually
formed. ’

Buds are young, undeveloped shoots. Branches are formed
by the growth of axillary buds. If you look at a branch of the
buttercup stem you will find that the branch arises at a point
between the stem and a leaf (Fig. 13).

At the tip of the main shoot and of each branch you will find
a terminal bud, which, by its growth, lengthens the shoot, or,
in the case of flower shoots, opens to form a flower. In trees
which persist through the winter buds remain in a dormant
(sleeping) state on the stem after the leaves have dropped off.
In the warm spring weather the buds open and grow rapidly,
so covering the tree with small branches bearing leaves (Fig. 92).

Flowers do not look like leaves, but they are, in fact, built of
special leaves which surround and enclose the reproductive
organs of a plant. On the outside of a buttercup flower there
are five green sepals (L., separare, to separate), which covered
the flower bud until it opened. Inside the sepals are five yellow
petals, each of which bears an organ called a nectary at its base.
The nectaries contain a sugary solution called nectar; this, and
the bright colour of the petals, attract insects to the flower.
Within the petals a large number of stamens (L., stamen, warp)
constitute the male reproductive organs. Each stamen bears an
anther (Gk., anthos, flower), which produces very great numbers
of pollen grains (L., pollen, fine flour), which are in the form
of fine yellow dust. In many plant species, usually those with
inconspicuous flowers, the pollen grains are carried by the wind
from one flower to another (Chapter XVII). In the centre of
the flower you will see a number of green carpels (Gk., karpos,
fruit), each of which contains an ovule (L., ovum, egg). This
latter contains a female reproductive egg-cell, and so the butter-
cup flower bears both male and female reproductive structures.
It is therefore said to be hermaphrodite.

This brief description of a flower! completes our survey of
the anatomy of a plant, and it is now time to examine the activities

1 A more detailed account follows in Chapter XVII,
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of plants in order that we may compare them with those of

animals.
The buttercup dcvelops from a seed and grows until it is fully

Firlament

Carpel Carpel, cut open

Fic. 14. ComPONENT PArRTs OF A BurrErcup FLOWER

The stamen and carpel have been enlarged more than the petal and sepal. See
Fig. 84, p. 178, for a complete illustration of a flower.

formed. For this growth to occur it is logical to suppose that
plants must feed. They cannot move to obtain their food, but
absorb chemical substances from the soil and the air, through
their roots and leaves respectively. If we arrange plants with
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their roots in pure distilled water, or if we cover their leaves with
vaseline, they can no longer obtain food, and so cease to grow.

Plants do not grow normally if they are left in total darkness
for some time. The absorption of certain rays in sunlight, by a
chemical compound called chlorophyll (Gk., chloros, green;
phyllon, leaf), which gives the leaves a green colour, is essential
for the occurrence of their feeding processes.

We have already found? that developing seeds respire, much
as we do. Fully formed plants also respire, but this can only be
shown to occur if the plant is first placed in darkness,? since
otherwise the plant ‘feeds’ on the carbon dioxide as it is produced.

Plants also respond to sunlight by bending towards it. If a
plant is placed so that it is lighted from one side only it will
bend towards the source of light.

2. THE DEVELOPMENT OF A PLANT

Plants, like animals, reproduce their kind. The buttercup
effects this process with the help of insects, which pollinate the
flowers by carrying pollen grains from one to another as they
visit them to seek for nectar. As the insect enters the flower to
reach the nectaries a number of pollen grains stick to its body
as it brushes past the anthers.

When it continues its journey the insect carries these pollen
grains to the next flower that it visits. Here some of the pollen
grains may become transferred from the insect on to the stigma
(Gk., stigma, mark) of a carpel (Fig. 14). If this should happen
the pollen grain sends out a long tube which makes its way
down inside the style (L., stilus, pricker) to the ovule. The
contents of the pollen grain then travel down this tube and a
fusion of living material from the pollen grain and the ovule
takes place.

When the fusion between the materials in the ovule and those
in the pollen grain is complete the carpel and its contents begin
to increase in size, forming what we call a fruitlet. If we open
this fruitlet and examine its contents with a lens we shall find
that it contains a seed, formed from the ovule and its coverings.
Inside this seed a tiny new buttercup plant has begun to form.

After some time the fruitlet becomes ripe and falls to the
ground, where the seed remains without any further outward

1 See p. 18. 2 Refer to Fig. 42 and p. 111,
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change until the following spring. Then, as the weather becomes
warmer, the young plant inside bursts through the seed-coat
and develops into a new buttercup plant. This development of a
seed is called its germination (L., germen, bud).

Germination of a seed is conveniently studied in a bean seed,
which is very much larger than that of a buttercup, or in a
cress seed, which is easily obtainable and resembles the buttercup
seed in its development.

Plumule

Radicle

Root-hair
] regron [
7

—
Fic. 15. FOUR SUCCESSIVE STAGEs IN THE GERMINATION OF A SEED OF THE
Broap Bean (Vicia FABA)
The beans are shown here at approximately half natural size.

When seeds of the broad bean are soaked in water they absorb
it, and become larger and softer. At one end of the seed a scar
marks the place where the seed was attached to the carpel wall
—in this case a bean-pod. Inside the seed-coat we find the
embryo plant. Most of the space is taken up by two large
seed-leaves called cotyledomns (Gk., kotyle, cut), which contain
reserves of food material. Where these join we find a minute
root, the radicle (L., radix, root) and a tiny shoot called the
plumule (L., plumula, small feather).

When the bean is supplied with the necessary conditions of
warmth and moisture it germinates. First the seed-coat splits
and the radicle emerges. Next the plumule grows upward and
its leaves spread out. Until the leaves form chlorophyll the
seedling plant feeds on the store of food in the cotyledons, which
remain beneath the soil.
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Cress seeds germinate quickly if they are placed on damp
blotting-paper in a dish and kept in darkness.

The cress seed resembles the bean in its germination, save in
one particular. The seed-leaves do not remain beneath the
ground but are raised above by the growth of the plumule, and
become the first two green leaves of the plant. This type of
germination is called epigeal (Gk., epi, upon; gé, earth) ger-

Ranunculus repens Ranunculus acris

Fi1c. 16. THE DIFFERENCES BETWEEN THE LEAVES OF TWO SPECIES OF
BurtERCUP
This figure is one-half natural size.

mination to distinguish it from the hypogeal (Gk., hypo, below;
gé, earth) germination of the broad bean.

3. SOME SPECIES OF BUTTERCUPs

More than one species of buttercup may be found in meadows.
Three species are common, known respectively as Ranunculus
acris, Ranunculus repens, and Ranunculus bulbosus.

Ranunculus bulbosus is distinguished by a swelling at the base of
the stem at ground-level, and by the reflexing (bending back) of
the sepals against a ribbed flower-stalk.

Ranunculus repens stands less erect than the other kinds; the
stem is often found to be ‘creeping’ laterally over the ground
in a fully grown specimen. Ranunculus repens has a furrowed
flower-stalk but possesses neither the swollen stem base of Ranun-
culus bulbosus nor the latter’s reflexed sepals.

Ranunculus acris is an erect plant with a smooth flower stem,
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and has flowers that are slightly smaller and paler than those of
Ranunculus repens. Like Ranunculus repens, it has no swollen base
to the stem, neither has it reflexed sepals. The leaves of Ranunculus
acris are more deeply divided than those of Ranunculus repens, but,

as Figs. 16 and 17 show, any one such feature, if taken alone, is
not a satisfactory guide to the identification of plants.

Fic. 17. LEaF oF THE MEADOW CRANESBILL

Although this plant is not closely related to the buttercup, their leaves are very much
alike. This figure is slightly over onc-half natural size.

4. BUuTTERCUPS AND OTHER LiviNg THINGS

Plants compete with one another, and buttercups have there-
fore a certain advantage in any meadow which is being grazed
by cattle, for the cattle eat grasses and other plants in preference
to the bitter leaves and stems of Ranunculus acris.

Buttercups are also influenced by insects, for these are necessary
for their reproduction. A great variety of insects visits buttercups,
and so pollination is usually effected.

Some flowers are so built that only bees or butterflies, which
have long sucking mouth-parts, can reach the nectar. Conse-
quently, if these flowers do not flourish for some reason one year
near-by populations of bees will gather less nectar, and may
starve in the winter unless they are fed. Conversely, if any
disaster should overtake the bees or butterflies pollination may
be less certain. So we find that the lives of buttercups are in-
fluenced by other plants, by the animals which eat them, and
by the animals which pollinate flowers.
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5. PLANTS AND ANiMALS COMPARED

To close this chapter, let us compare the lives of a buttercup
and a house-fly. It is at this stage difficult to see any similarities
in structure, but it appears that there are resemblances in activity
or function. Both animals and plants develop and grow, they
take in and make use of food, and respire, they respond to outside
stimuli, and they can all reproduce their kind. Yet, in contrast,
while animals can usually move, plants can seldom move their
bodies from one place to another. Animals feed on chemical
substances derived from other living things (the sugar, bread,
and milk on which the fly fed once formed part of a plant or
animal), while plants feed on simple chemical substances in the
soil and the air. Moreover, plants use light in their feeding
processes.

Thus, as we shall see in Chapters VI and VIII, plants obtain
their energy from sunlight, while animals obtain their energy
from the food which they eat. The feeding of animals is inde-
pendent of light. The nutritive activities of plants are essentially
building-up processes involving the intake and storage of energy:
in contrast, the utilization of food by animals is a breaking-down
process, whereby energy is released. These differences and
similarities may be clearly expressed in a table.

COMPARISON BETWEEN ANIMALS AND PLANTS

ANIMALS PLANTS
Grow Grow
Develop Develop
- Feed Feed
Respire Respire
Reproduce Reproduce
Respond to stimuli Respond to stimuli
Usually move Seldom move
Feed on living or dead—i.e., or- Feed chiefly on non-living—i.e.,
ganic—materials inorganic—materials
Do not utilize sunlight in process Make use of light in feeding
of feeding
SUMMARY

(1) A buttercup has a body composed of a root and a shoot,
the latter consisting of a stem bearing leaves and flowers.

(2) Reproduction occurs when pollen grains are carried from
one flower to another by insects and reach the carpels.

(3) The fertilized ovule within a carpel forms a seed, which
will later become a new buttercup plant.
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¢4) There is more than one distinct species of buttercup.

(5) Buttercups are influenced by other living things.

(6) Buttercups resemble animals in many of the activities
which they perform.

SUGGESTIONS FOR HOME STUDY

(1) Discuss the part which insects play in the life of a flower.
(2) Compare the structure and the activities of an insect and a
flower.



CHAPTER 1V
THE COMPOSITION OF LIVING THINGS

Like following life through creatures you dissect,
You lose it in the moment you detect.

A. PorE, Moral Essays

Our study of an animal and of a plant revealed that these living
things share many activities in common. We shall now look to
see whether all living things are built of like chemical substances,
and whether the various forms of life are built on any common
plan.

1. Tue CeLL THEORY

Many of the early biologists noticed that animals and plants
were composed of tiny compartments, which they called cells
(L., cella, compartment). They did not realize, however, that
the many forms of these cells which they saw were similar in
plan, so that all the diverse structures in animals and plants are
built of fundamentally similar cells, just as a house is built of
bricks.

In 1838 two friends named Schleiden and Schwann summarized
the many observations of earlier workers on the cellular basis
of living things in one great generalization, the Cell Theory,
which asserted that all living things are built of fundamentally
similar units, called cells.

M. J. Schleiden (1804-81) was for many years a professor of
botany at Jena. His friend Theodor Schwann (1810-82) worked
primarily on the structure of animals. While they were discussing
their researches they were struck by the resemblance between
the small compartments, or cells, which Schleiden had described
in plants and those which Schwann had examined in animals.
In both cases they noted that these cells each contained a body
called the nucleus (L., nucleus, kernel), which in its develop-
ment and relationship to the rest of the cell was remarkably
constant in all animals and plants. Each cell was separated
from its neighbours by an outer covering, the cell-membrane,
or cell-wall.

Most cells are microscopically small. The human body is

41
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built of more than a_hundred billion cells. Red blood-cells are
less than 8/1900 of a millimetre in diameter.

The Cell Theory permitted a much greater understanding of
the structure of living things. For, in Schwann’s own words
(translated), ““The great barrier between the animal and veget-
able kingdoms—namely, diversity of structure—thus vanishes.
Cells, cell-membrane, cell contents, nuclei, in the animals are
analogous to parts with similar names in plants.”
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Fic. 18. CeLLs

Centre, diagram to show the essential features of a cell; left, cell from human connective
tissue; right, cell from the plant Canadian pond-weed (Elodea canadensis).

Previously the only unit of life in biology had been the entire
organism, and the change in biological thought which followed
the cell theory was comparable to the changes produced in the
chemical and physical sciences by the concept of the molecule
and the atom as units of structure. In all cases the clear de-
finition of units of structure led to a greater precision, by.reveal-
ing the common plans of structure that underlie the diverse
forms both of non-living materials and of living things.

In the body most cells are specially modified for some particular
purpose. For example, the cells of the nervous system, which
carry ‘messages’ round the body, are long and thin, like wires,
while the cells which line the insides of our mouths are flat, like
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paving-stones (Plate 6). Muscles are built of tapering ‘elastic’
cells, which are capable of changing their shape. Groups of
similar cells, generally with the same function, form what we
call tissues (Fr., fissu, woven). Skin, muscle, and nerve are
examples of such tissues. A group of tissues built on a definite
plan, like the brain, heart, or lungs, is called an organ (Gk.,
organon, instrument).

Schwann stated that cells have lives that are to some extent

Axon Cilia w——>
(with covering sheath 1)

Windpipe
cells

Muscle cellCX[00)

Fic. 19. CeLL TypPEs IN THE ANIMAL Bopy
‘The cells shown are human check cells, a muscle ccll from the intestines of a cat, three

cells from the Lining of the trachea of a rabbit, and a human nerve cell. The approximate
magnification is stated on the figure.
their own, though in the body these individual lives are subject
to that of the whole animal or plant. Assuming the first statement
to be true, we might expect that cells could be removed from the
body and yet survive,

This remarkable fact was first actually demonstrated by
Harrison in 1907, when he removed small fragments of the
nervous system from a frog and immersed them in a drop of
blood fluid. The cells continued to thrive, and even increased
in number. This method of ‘tissue culture’ has been greatly
extended since, and is a convenient method for the study of cells.
Some cells from a chicken’s heart have been kept alive in New
York since 1912. In 1936 they were still healthy and still growing,
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and there seems to be no reason why they should not continue
to live indefinitely.

When cells are grown in culture solutions, however, they tend
to lose their characteristic shapes and acquire a common spindle-
shaped form. This loss of organization emphasizes the close
relationship and interdependence of the cells in the body. When
they are in the body they support one another and contribute
to the health of the whole organism, but when they are removed
they lose their characteristic features. The organization of cells
in a body is therefore not unlike the organization of a human
community, in which the individuals, though capable of inde-
pendent existence, co-operate for the good of the community—
and so for their own benefit.

Like many generalizations, the cell theory was in its original
form imperfect and incomplete, but its main contention—*that
all living things are composed of cells or the substances derived
from them, and that all such cells resemble each other in their
structure and origin’—is still valid to-day.

2. PrROTOPLASM

The founders of the cell theory attached too much importance
to the cell-wall, and described the cell as a hollow cavity bounded
by a cell-wall in which the nucleus lay imbedded. This belief
was shown to be incorrect by the botanist Hugo von Mohl
(1805-72), who pointed out that plant cells contain a grey,
jelly-like substance to which he gave the name protoplasm
(Gk., protos, first; plasma, form).

Soon after von Mohl’s announcement that plant cells contain
protoplasm other investigators described a similar substance in
the cells of animals; and in 1861 Max Schultze (1825-74), a
professor at Bonn, summarized his own observations and those
of earlier workers in a statement that ““The cells of animals and
plants each consist of a mass of protoplasm surrounding a
nucleus.” Two years later he showed that the protoplasm of
animals and plants is essentially the same in its structure and
its activities, and so biologists came to recognize that this so-called
protoplasm formed the basis of living matter.

Subsequent investigations have shown that this grey, jelly-like
material which we call protoplasm is not a single chemical
substance, nor even a stable combination of chemical substances,
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but that it is constantly undergoing changes in composition as
new materials are added to it in the cell, or as materials already
in it are changed and perhaps removed from the cell. In fact, the
name protoplasm is not an exact term, but it is a convenient name
for the substance which we can see in animal and plant cells.

Different parts of protoplasm show affinities for different dyes,
so that we may stain the nucleus, for example, without affecting
the rest of the protoplasm. In general, the nucleus stains more
deeply than the rest of the cell.

3. THE ComposiTION OF LivING MATERIAL

As you will see presently, constant chemical changes go on in
protoplasm. Nevertheless, the composition of protoplasm remains
fairly constant, and so we may calculate the elements present in
living material.

According to one authority, the human body consists of the
following elements in the given proportions by weight:

APPROXIMATE
EveMENT PERCENTAGE
Oxygen . . . . . . 650
Carbon . . . . . . 180
Hydrogen . . . . . . 100
Nitrogen . . . . . . 30
Calcium . . . . . .15
Phosphorus . . . . . . 10
Potassium . . . . . . 035
Sulphur . . . . . . 025
Sodium . . . . . . 015
Chlorine . . . . . . oI5
Magnesium . . . . . . 005
Iron . . . . . . . 0004
Iodine . . . . . . 0700004
Magnesium, fluorine, and siliton . . minute amounts
Aluminium, cobalt, nickel, and copper . traces

These elements are combined together to form a number of
different chemical compounds, of which water is by far the most
abundant. Chemically, protoplasm is nearly three-fourths water,
though the amount varies. We are 65 per cent. water when
young, but slightly drier in old age. A jelly-fish is g9-8 per cent.
water; a tadpole has almost as great a water content; but a
resting seed may be only 8-0 per cent. water.

Most of the remaining chemical substances belong to the
group of organmic chemicals, which are complex chemical sub-
stances built on a framework of carbon atoms.
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Three main groups of organic chemical compounds are found
in living matter:

(1) Carbohydrates (L., carbo, coal; Gk., hydor, water).
Relatively simple compounds, built of atoms of carbon,
hydrogen, and oxygen (e.g., sugar, starch).

(2) Fats. More complex compounds, also built of atoms
of carbon, hydrogen, and oxygen. When fats are in a
liquid state they are called oils (e.g., meat fat, olive oil).

(3) Proteins (Gk., protos, first). The most important chem-
ical compounds found in living material, which form
an essential constituent of protoplasm and possess
larger and more complicated molecules than those of
fats or carbohydrates. They are built mainly of atoms
of carbon, hydrogen, oxygen, nitrogen, and sulphur.

In addition to water and organic compounds, protoplasm
contains some inorganic salts, as, for instance, common salt,
which is present in fairly large amounts in our blood. The
human body consists approximately of 65 per cent. water, 15
per cent. protein, 14 per cent. fat, 5 per cent. inorganic salts,
and 1 per cent. of unidentified material®.

Some words of caution, however, should be added to our study
of the composition of living matter. One must not forget that
the composition of living matter is constantly fluctuating as the
result of chemical changes that are going on within it. Moreover,
one must understand that although scientists may possibly
determine what chemical elements are present in living matter,
and their proportions, yet it is the organization, or arrangement,
of these chemicals which makes it possible for life to express itself.
There is no doubt that the organization of living matter is the
clue to life, and it is not until we have discovered in what way
the organic chemicals are organized to form protoplasm that
we shall have discovered the mechanism of life.

We speak of living things as living organisms, and so em-
phasize their elaborate organization.

4. METABOLISM

Living material is never stable, but is constantly transforming
energy and materials. Schwann was aware of this restless activity

1 Estimate given by Seifriz.
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and used the word metabolism (Gk., meiabolé, change) to
signify the chemical changes which take place in living organisms.

Before discussing the energy changes in living organisms it is
well to decide what we mean by energy (Gk., energeia, from en,
in; ergon, work), although we may find definition difficult. A
physicist considers energy as the capacity of a system todo a
job of work. He uses the term ‘work’ to describe the over-
coming of some opposing force. Some illustrations may make
this clear.

When, for instance, a book is pushed along a table energy is
required to displace the book by overcoming the force of friction
which opposes its movement. A cricketer, as he throws a ball
into the air, overcomes the opposing force of gravity, which
inclines the ball to rest on the ground. In short, energy is an
intangible ‘something’ which shows its presence by the effect
which it produces.

Energy, thus defined, is seen to exist in a number of forms.
Heat, electricity, chemical energy, movement, sound, and light
are all capable of doing work, and, moreover, they can be trans-
formed’ one into another. Thus clectrical energy will work an
electric motor, and so cause movement, and in so doing heat will
be produced.

Energy can also be stored so that it is capable of doing work
although it may not actually do it for some time. A watch-spring,
when wound, stores energy for the movement of the hands. An
electric battery contains stored encrgy, which may be released
later as light or warmth. We distinguish, therefore, between
potential emergy (L., potens, powerful), which is capable of
doing work, and kinetic energy (Gk., kinein, to move), which
is actually doing work.

The most characteristic feature of living material is its power
of transforming matter and energy. When the cricketer throws
a ball he is transforming potential energy into kinetic energy,
and we can show that chemical changes in the muscles accompany
this energy change. The cricketer obtained potential energy
from his food. Plants, as we shall see presently, transform the
kinetic energy in sunlight into potential energy and store this
in the formation of chemical substances which may later serve
as food for animals or be respired in the plant-tissues to release
kinetic energy.

There are, then, constant changes occurring in the composition
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of living material, which are related to energy transformations.
Those processes which involve the building up of more compli-
cated chemical substances and the storage of potential energy,
are included in the term anabolism (Gk., ana, up; ballain, to
throw); the word katabolism (Gk., kata, down) denotes the
breaking-down processes whereby energy is released as kinetic
energy. Both processes are included in the term metabolism.

The metabolic activities of plants are principally anabolic, in
contrast to those of animals, which are predominantly katabolic.

SUMMARY

(1) Living things are built of fundamentally similar units
called cells.

(2) These cells contain a jelly-like material called protoplasm.

(3) Protoplasm contains a variety of chemical substances
organized in some unknown way.

(4) Changes of energy and material included in the term
metabolism go on constantly in living material.

SUGGESTIONS FOR HOME STUDY

(1) On what evidence is our knowledge of the composition of living
organisms based ? "Explain the sequence of discoveries which led to our
present knowledge.

(2) Define the terms (a) protoplasm, (b) metabolism, (c) a cell.



CHAPTER V
CLASSIFICATION

We ought never to judge of the nature of beings by a single character;
for it will always be imperfect and fallacious. Even two or three char-
acters, though extremely general, are often insufficient; it is only by an
enumeration of all the characters that a judgment can be formed con-
cerning the permanent and essential qualities of the productions of Nature.

ComTE DE BUFFON, Natural History

THERE are very many animals and plants in the world, and they
assume a variety of forms. The world population of human
beings has been estimated at approximately 1800 millions. The
world population of insects could not be estimated with any
accuracy, but it would certainly be found to be many thousands
of millions of times greater than the human population. As to
variety, five hundred thousand different species of insects are
already known, yet insects form only one class of animals.

As man’s knowledge of living things widened it became more
and more necessary to arrange animals in some methodical
fashion to avoid confusion. Many difficulties were overcome,
and now we possess a scheme of classification, based on structure,
which has persisted with but little change for the past hundred
years. In the succeeding pages this systcm and the stages in its
formation are described.

1. LocaL NaMEs

In the Middle Ages the descriptions of animals and plants
were generally designed to provide a record of medicinally
useful plants or animals. Many of these descriptions had only a
local circulation, and the same animal or plant was therefore
described under different names in different publications.

Even to-day many wild flowers are known by different popular
names in different parts of Britain. The plant which the scientist
calls Arum maculatum (Fig. 20) is also called lords and ladies,
cuckoo-pint, wake-robin, or Jack-in-the-pulpit by the country
people of various counties.

Where many varieties of names referred to the same organism
great confusion ensued, and so scientists attempted to decide
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on one universally accepted name for each known organism.
Latin and Greek were the languages of medieval scholarship
and so animals and plants bear names which are phrased in these
languages and are generally designed to illustrate some feature
of the organism to which
they refer.

2, Unity or TypE

As discoveries in the
structure of animals and
plants were published
and assembled by scien-
tists in the sixteenth and
seventeenth centuries
the resemblances or dif-
ferences between various
organisms became more
apparent. Many types
were seen to be closely
related in their anat-
omy, while others were
very different in their
structure. We therefore
find that in the later
herbals of the sixteenth
century plants which
closely resembled each
other were grouped to-
gether into families, as,
for instance, the Com-
\ posite (the Daisy
Fic. 20. FLOWER AND Lear or Arum macuratom 1amily), the Leguminosa

(the Pea family), and
the Labiate (the Dead Nettle family). These families each
contained plants which closely resembled one another in their
anatomy, especially in the arrangement of their flowers.

Often it was difficult to decide whether a resemblance was
an important one or merely a chance or superficial likeness.
Many plants, for instance, are of the same colour, but have few
other features in common, Mistakes in arrangement were often
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made, but in due course many systems for grouping or classifying
living organisms according to their likenesses were constructed.
All these systems emphasized the surprising unity of structure in
living things, and hinted at even greater likenesses in the con-
struction of animals and plants than had previously been believed.

The next stage in classification consisted in the collection of
the many groupings of animals and plants, and their inclusion
in one comprehensive scheme covering all living ‘things. By
the end of the seventeenth century many schemes of classification
had been formed. The amalgamation of these schemes was due
to the work of the Swedish naturalist Linnaus (Plate 3).

3. LINN&ZUs AND CLASSIFICATION

Carl Von Linné, better known to us as Linnzus, was the son
of a Swedish pastor. He was born in 1707 and died in 1778. In
his youth he spent much of his time collecting animals and
plants. He began the study of medicine at the University of
Upsala, Sweden, but he finished his studies abroad, chiefly in
Holland. He stayed in Holland and elsewhere for three and a
half years, and became well known for his excellent work on the
classification of plants. At the age of twenty-eight he was granted
the degree of Doctor of Medicine at Harderwijk.

On his return to Sweden, Linnaus was appointed a professor
at Upsala University. Here he continued to study plants and
animals, and developed the system of classification for which he
is famous. His greatest work, the Systema Nature, published in
Holland in 1735, provided a comprehensive classification of
every known animal and plant, and showed a formal method by
which living organisms could be simply described.

Linnzus’s scheme of classification has since been greatly modi-
fied, but certain features which were retained formed a framework
for the later and more elaborate schemes. Linnaus secured the
adoption of the so-called binomial system, by which each
animal or plant is described concisely by two names; one name
is generic, and is shared by a group of organisms of which it
forms a member, and which resembles it closely; the other is
specific to itself and similar forms. Thus, man is called Homo
sapiens, which is a term including all living men, whether black,
yellow, or white. One species of buttercup plant is called Ranun-
culus acris, and is distinguished from Ranunculus bulbosus, Ranunculus
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repens, and the many other forms of buttercup. The name
Ranunculus is a generic name, and is shared by the different
species of buttercup. The names acris, bulbosus, and repens serve
to distinguish the species.

We may perhaps best study the modern scheme of classifica-
tion by considering first the way in which living things are
divided into a number of very different groups called kingdoms.
Plants and animals are in separate kingdoms, and are distin-
guished by the striking differences already discussed (p. 39).

Within the animal kingdom a number of large groups called
Phyla (L., from Gk. Phylon, race) are arranged (see table at
end of chapter). The members of different phyla are distin-
guished from one another by fundamental differences of structure.
We and the house-fly, for instance, are in different phyla; man,
dogs, birds, frogs, and fishes all have backbones, and are included
in the phylum Chordata! (Gk., chorde, string); the house-fly,
the lobster, and the spider all have a hard outer skeleton and
jointed limbs, and so they are grouped together in the phylum
Arthropoda (Gk., arthron, joint; pous, foot). ]

The Phyla are in their turn split up into Classes. The house-
fly and the shrimp, for instance, although they are both in the
same phylum, Arthropoda, are placed in different classes. We
and many other hairy animals, such as dogs, cows, etc. (all of
the phylum Chordata), are placed in the class Mammalia, which
bear their young alive and feed them with milk from the breasts
(L., mamma, breast) and so separated from the birds (class Aves),
the frogs (class Amphibia), or the fishes (class Pisces).

Classes are further divided into Orders, which are themselves
divided into Families; these are divided into Genera, which
finally contain Species. In many cases distinct races, or vari-
eties, may be recognized within a species; sometimes these
groups are sufficiently distinct to be termed sub-species.

To illustrate this arrangement let us as a familiar example
take the lions and tigers. These are in different species, known
respectively as Felis leo and Felis tigris (alternative names, Panthera
leo and Panthera tigris), yet both are sufficiently alike in their
structure to be included in the genus Felis. They belong to the
family Felide, which, with many other flesh-eating mammals,
is included in the order Carnivora.

.} The phylum Chordata also includes some animals which possess at some time
in their lives a rudimentary backbone, or notochord, only.
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Ultimately, therefore, the whole scheme of classification is
built on the separation of different types of animals and plants
into species.

4. THE StABILITY OF A SPECIES

The whole scheme of classification must depend on the per-
sistence of the type in a species. If a plant or animal species
were to undergo a sudden change, or if the members of two
species could often breed together and produce fertile offspring
with a blending of the distinctive features of the species, then
the system of classification would be so readily upset as to be
useless. Members of different species of animals or plants seldom
breed together to produce fertile offspring under natural condi-
tions. Matings between some distinct species can be made to
occur, as between horses and asses, or donkeys, but the offspring
in this case, called mules,! are generally sterile and rarely produce
offspring. The breeders of tropical fish sometimes mate together
members of nearly related species and even of nearly related
genera. For example, the Mexican Swordtail (Xiphophorus helleri)
and the Platy, or Blue Moonfish (Platypoecilus maculatus), do not
mate together in their natural habitat, but they can be induced
to mate together in captivity, and in this case fertile offspring,
which combine the features of the parents, are produced.

Interbreeding between the primrose and cowslip flowers is
another exception to the rule that two species cannot mate.
In this cross fertile offspring are produced, so that you may ask
why cowslips and primroses have persisted as distinct species.
Since they normally flower at different times and flourish best in
different surroundings, they seldom interbreed naturally, and so
they preserve their distinctive characters. They are generally
referred to as Primula vulgaris (the primrose) and Primula veris
(the cowslip).

However, in spite of the stability of a species, we find consider-
able variation within it (Fig. 21 and Plate 32). If we take the
human race as our example we shall find that yellow men, black
men, and white men are all very different, though sufficiently
alike to be contained in one species. Even within a small com-
munity like a school we should find that the boys or girls of
the same age would differ greatly in their weight, height, hair-

1 Mules are produced by the union of a mare and a male ass. The offspring of a
stallion and a female ass, which are called hinnys, are rarely bred,
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colour, and other features. These differences are mainly heredi-
tary, and are due to the different parentage of the individuals
considered, and partly also to differences in upbringing, feeding,
health, and other causes.

Yet if we select any one feature and construct a graph in
which the variations in that feature are plotted against the
numbers of individuals bearing each variation we shall find that

VYV
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F1c. 21. VARIATION WITHIN A SPECIES

Variations of petals and nectaries of the species Ranunculus auricomus are shown.
This figure is redrawn after Hermann Muller.

there is an average for any character in individuals of the same
race, age, and sex. Thus, in the data shown graphically below
(Fig. 22), the average height of English girls aged 10 years
is 132°1 cm. Yet variations below and in excess of this figure do
occur, and so a regular curve can be plotted. This curve, pro-
duced by plotting the variations from an average character in
a number of individuals, is called a normal frequency curve.
It is a typical curve of variation.

If we now compare the normal frequency curves of variation
in the height of two geographically separated groups we may
find that the position of the apex of the curve—i.c., the average
height—differs. For example, the average height of Scotsmen,
found in 20 per cent. of the population, lies between 171 cm. and
173 cm., whereas the greatest frequency (28 per cent.) in Sicilians
lies between 164 and 168 cm. Small differences of this kind are
generally found when groups within a species are separated and
rarely interbreed. When interbreeding freely occurs, as has
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been .happening between the various European emigrants in
America during the past hundred years, so-called ‘racial’ differ-
ences tend to grow less.

The term ‘race’ or ‘variety’ should be reserved for striking
ar.ld persistent differences within a species, as, for instance, the
differences between Europeans and Negroes. In this case we
are justified in maintaining that we are here dealing with two
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F1G. 22. VariatioNn IN HumAN HEIGHT

The graph shows the heights of 1347 London clementary-school girls aged ten at their
last birthdays. The figures ate taken irom 1he Fundamentals of School Health, by J. Kerr
(Allen ani Unwn).

distinct races or varieties of the species Homo sapiens. In wild
animals and plants varieties within a species are generally
restricted to a limited geographical distribution.

In conclusion, therefore, it seems clear that:

(1) The many types of animals and plants belong to different
species, which retain their distinctive features because
they rarely interbreed to produce fertile offspring.

(2) Within a species variations from the normal type do
occur.

(3) When groups of individuals within a species are separ-
ated and seldom interbreed differences in type may
occur. Great geographical separations and very rare
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interbreeding may lead to the formation of distinct
varieties, or races.

5. VARIATION IN DoMEsTic ANIMALS AND PLANTS

Domestic animals and garden plants show greater variation
than their wild counterparts. There are very many different
breeds of dogs, cattle, poultry, and goldfish, often very different
from one another (Plate 32). These breeds arose in the first place
by chance variation from the normal type, and were preserved by
breeders, who bred together animals possessing these variations
and prevented interbreeding between these breeds and the wild
or normal type. In this way bulldogs, terriers, fox-hounds, and
other types are maintained as distinct breeds. Nevertheless,
they belong to the same species and can breed together and
produce fertile offspring. When they do, their offspring, which
are called mongrels, lose the distinctive features of their parents.

Horticultural firms which produce special breeds of plants
by careful selection must also take care to prevent their breeds
from breeding with the normal members of the species. Near-by
allotments and gardens are carefully watched lest pollen from
the normal plants growing there should fertilize the flowers of
the special breeds in the nurseries of the horticulturist.

6. FIELD-wWORK

It is now time that we left the theoretical consideration of the
many diverse forms of life and observed a few living animals and
plants. I propose that we should imagine a walk in spring
through a meadow to the banks of a stream. It is the end of
May, the flowers are appearing, and the animals have emerged
from their winter hiding-places to feed and breed.

Plants. Let us first consider the flowers. We notice that
many buttercup flowers are opening, and, as we near the river,
we find in the marshy ground a flower called a king-cup, or
marsh marigold, which resembles a buttercup, but is very much
larger and has quite differently shaped leaves. If we consult a
flora which describes the classification of plants we shall see
that this flower and the buttercups are considered sufficiently
similar to be included in the family Ranunculacez, yet sufficiently
different to be placed in different species and genera. Thus the
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king-cup is called Caltha palustris, and the common meadow
buttercup is called Ranunculus acris.

A further glance at the book of plant classification will show
us that there are many species of buttercups—Ranunculus acris,
R. bulbosus, R. repens, and others (see p. 37). As we wander
through the meadow we may examine the buttercups we find
and consider the differences which place these plants in different
species, noting at the same time the variations of size and leaf-
form within each species.

The grasses belong to another family, the family Graminez,
the members of which differ greatly from the members of the
family Ranunculacez. The pollen grains of grasses are not
carried by insects, but are borne by the wind from one flower
to another. It is interesting to find that the flowers of grasses
are green and inconspicuous, and do not attract insects for
pollination. A few species of grasses are illustrated for purposes
of identification in Fig. 23.

So far we have only considered seed-bearing plants, or members
of the phylum Spermatophyta (see table, p.61), If we can discover
a fern on a damp, shady bank we can investigate a member of
a different phylum, the Pteridophyta. For the main fern plant
does not reproduce by seeds, but by spores; these are repro-
ductive cells which are produced in far greater numbers than
seeds, and which do not require fertilization by the reproductive
cells of another plant. If we discover a fern we may examine the
spores, which are to be found in clusters on the lower surfaces
of the leaves (Fig. 82).

We may note that the ferns and seed-bearing plants all have
bodies which are divided into a root and a shoot. If we can find
some mosses in the damper regions of the meadow we shall
have examples of yet another phylum of the Plant Kingdom,
the Bryophyta, whose members have bodies in which there is
little differentiation between root and shoot (Fig. 83).

Animals. At first we shall probably only see flies, bees, and
butterflies in the air and small beetles in the grass. As we draw
near the stream, however, and especially in the water of the
stream, we shall find representatives of many more phyla of the
Animal Kingdom.

If we look for vertebrates we shall find fishes in the water,
frogs in the damp grass of the river-bank, and a few water-birds
on the stream. The moor-hen, a black bird with an orange bill,
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is fairly common, and builds its nest on a platform of floating
rushes. Another probable sight is the dabchick, a little black
bird, which may be recognized by its habit of diving when it
hears footsteps, leaving only a number of rippling rings on the
surface to mark where it had been. If we tread softly we may
see a water-rat sitting on the bank or on a floating branch.
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Fie. 24. SOME ANIMALS WHICH LIVE IN PONDS OR IN STREAMS

The rat is an example of a mammal, and so only the reptiles
are missing from our survey of vertebrates near the stream.
This is understandable, since reptiles generally live in hot, dry
places, preferably rocks or sand, where they can bask in the sun.
However, if we are lucky we may find a slow-worm, a legless
lizard which lives in damp grass.

In the water itself most of the animals belong to the phylum
Arthropoda. We may see the Crustaceans Gammarus (the fresh-
water shrimp) and Daphnia and Simocephalus (water-fleas), also
numbers of larva of such Insects as mayflies, dragonflies, and gnats.
The phylum Mollusca is represented by the fresh-water snails
Planorbis and Limnea and by the fresh-water mussel Anodonta.,
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The phylum Annelida is represented by leeches and small
aquatic worms, especially in or on the mud at the bottom of the
stream, and in the soil earthworms everywhere abound.

SUMMARY

(1) The great number and variety of living things are cata-
logued in logical order.

(2) Each type of organism has one universally accepted name,
which generally refers to some feature it possesses.

(3) The degrees of resemblance between organisms are ex-
pressed by a scheme of classification, whereby organisms are
grouped into varieties (or sub-species), species, genera, families,
orders, classes, phyla, and kingdoms. The general adoption of
such a scheme was greatly influenced by the work of Linnaus.

(4) A scheme of classification depends on the maintenance
of type. Different species seldom breed together under natural
conditions and therefore remain distinct, although within a
species much variation and even local races or varieties do occur.

(5) The observation of living things is greatly aided by a
scheme of classification, for by applying it to some animal or
plant strange to us we can rapidly learn much about the organism

and the relation which it bears to other types.

SUGGESTIONS FOR HOME STUDY

(1) Describe some of the animals and plants to be found (a) by
the sea-shore, (b) in a park, (¢) in a wood. As far as possible place
the organisms which you mention in their positions in the Plant or
Animal Kingdoms.

(2) What do you understand by the term ‘species’? Discuss vari-
ation within a species.
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PayLum?

DiSTINGUISHING FEATURES

EXAMPLES

Thallophyta .

No separation into root stem and
leaves. Mainly aquatic

Seaweeds and some
fresh-water weeds

Bryophyta. .

No proper root, sometimes distinct
stem and lcaves. Gametophyte
generation prominent (see Chap-
ter XVII)

Mosses and liverworts

Pteridophyta Roots which absorb water and salts | Ferns and club-mosses
from the soil. Sporophyte genera- :
tion prominent

Spermatophyta . | Seed-producing plants

Class 1. Gymnospermz .

No truc flowers, ovules not enclosed
in ovaries

Class 2. Angiosperma .

True flowers, surrounding ovules
contained within carpels

Pines, firs, etc.

Buttercups, oaks, and
all other flowering
plants

1 Some authorities prefer to consider the four main Phyla as ‘classes’ or

‘¢ divisions.’
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CHAPTER V1
HOW PLANTS FEED

The strong sea-daisies feast on the sun.
A. C. SWINBURNE, The Triumph of Time

PrLANTs, like all other living organisms, need to obtain a supply
of materials for growth and repair, together with a supply of
energy for movement and other activities. Materials and energy
are taken in by.plants as they feed.

The absorption of food materials and their conversion for use
by an organism are included in the term mutrition (L., nutrix,
nurse). Plant nutrition depends on the soil, the atmosphere, and
sunlight.

1. THE MATERIAL NEEDS OF PLANTS

Any materials present in plant protoplasm must first have
entered the plant as food, and a study of the substances composing
the tissues of plants will thereforc indicate the materials they
absorb. .

We may begin by estimating the amount of water which is
present in plants. This may be determined by heating the plant
at a temperature high enough to drive off water as vapour but
not sufficiently high to drive off other substances. The amount
of water in plants varies greatly; in leaves the percentage may
be between 50 and go per cent. by weight; in freshly cut timber
it may vary from 38 to 65 per cent.; in seeds it may be 10 per
cent. or less.

We may, by heating the remaining material more strongly,
drive off the elements carbon (about 45 per cent.), oxygen (about
45 per cent.), hydrogen (about 5 per cent.), and nitrogen (about
1 to 10 per cent.). The fraction which remains after the plant
has been strongly heated is called the ash and represents about
2 per cent. of the plant. This ash may be chemically tested, and
will be found to contain principally the elements potassium,
calcium, magnesium, iron, phosphorus, and sulphur, together
with traces of many other elements.

There is therefore justification for believing that the ten elements
listed above are taken in by plants as food. and we can show
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experimentally that this is so by growing plants under such
conditions that they can obtain only some of these elements and
then observing the results. (Experiment 1, p. 321.)

When young plants are grown with their roots in solutions
which are deficient in certain elements characteristic defects will
occur in the plant (see Plates 4 and 5). For instance, if nitrogen
is absent the seedlings will stop growing and eventually die,
thus showing that plants cannot directly use the great volume
of nitrogen normally present in air. Lack of magnesium and
iron will result in pale-yellow plants, indicating that these
clements contribute to the formation of the green colouring-
matter in plants. Lack of the other elements will cause stunted
growth, because each of these elements plays some definite part
in the plant’s metabolism.

Scientists have shown by very careful versions of this experi-
ment that, besides the main elements needed by plants, a number
of other elements are also needed, although only in minute
amounts. Chief among these are boron, zinc, copper, and
manganesc. Most soils contain amounts of these elements
adequate to support plant-growth, but where they are absent
the health of plants is affected.

The water-culture experiment described not only shows us
that certain elements are necessary for plant-growth, but also
that they are absorbed by the roots and therefore that under
normal conditions they must be derived from the soil. Moreover,
the experiment suggests that the elements are absorbed as simple
soluble inorganic salts, like potassium nitrate—a type of nutrition
which presents a sharp contrast to the more complex nature of the
organic materials taken in by ourselves and by other animals
as food (see p. 89).

An exception is provided by the element carbon, which enters
the plant otherwise than by the roots. The absorption and use
of this element and of the other important elements hydrogen
and oxygen is dealt with more fully in the following sections of
this chapter.

2. PHOTOSYNTHESIS

A plant left in darkness will become thin, and pale yellow in
colour, and an examination of its composition will show that it
has absorbed little food material. Light, therefore, seems neces-
sary for plant-growth; it supplies energy.

E
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We now know fairly completely the process whereby plants
use the energy in sunlight to build up organic substances in their
tissues, and we call it photosynthesis (Gk., phos, light; synthesis,
putting together). Its principal features can be shown by experi-
ment (see p. 322). Carbon dioxide, water, and sunlight are
absorbed during photosynthesis and form sugars; the gas oxygen
is given off during the process.

Epidermis

cells

Strengthened cells Stoma
of the midrib

Fic. 25. SecTiON OF A FuchsiA Lear

The leaf is here seen in transverse section, in diagrammatic form to illustrate the
main cell types.

The essential features of this chemical reaction are generally
expressed by the chemical equation:

' 6002 + 6H20 + enel’gy (677 kg. Cals.) = C6H1206 + 602

Or we might express this in words: Six molecules of carbon
dioxide gas and six molecules of water will, if energy is supplied,
combine to form one molecule of sugar and six molecules of
oxygen gas. The essential feature is the intake of carbon, which
forms a foundation for organic compounds. Photosynthesis is
therefore also termed carbon assimilation.

In actual fact this reaction is a more complex one, involving
a number of stages, but this basic equation shows the important
fact that the energy obtained by the absorption of sunlight can-
be used by plants to build complex carbon compounds from
relatively simple inorganic compounds. The sugar formed by
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photosynthesis serves as a starting-point for the formation of
more complex substances.

The green pigment called chlorophyll, which gives plants
their colour, plays an essential part in photosynthesis. Its action
is complex and is as yet incompletely known, but unless chloro-
phyll is present in the plant normal feeding cannot take place.
If you mount a moss leaf in a drop of water and examine it
under a microscope you will see that the chlorophyll is contained
in minute granules called chloroplasts. Similar granules occur
in all the green parts of plants (see Fig. 18).

We may compare photosynthesis to the process whereby water
is produced from oxygen and hydrogen in the laboratory. We
may mix these two elements without forming water, but if we
supply energy, in the form of an electric spark, the gases will
combine and water will appear. In the same way a mixture of
carbon dioxide and water will not usually form sugar, but in the
leaf the encrgy in sunlight will cause these substances to combine.
We can look on the green leaf, then, as a kind of chemical factory,
in which carbon compounds are manufactured when the plant
is exposed to light. During the process plants change the com-
position of the air around them by taking carbon dioxide from
it and returning oxygen only.

3. STARCH FORMATION

Much of the sugar which has been made by photosynthesis
is stored in a suitable form in order that it may be used later to
provide a source of energy when the sun is not shining. Most
sugars are easily soluble and occupy much space; they are
therefore not very suitable substances for storage purposes.

Starch is a carbohydrate more suitable for storage than sugar.
Starch molecules, in addition to being insoluble in water, group
together to form solid granules, which occupy little space. We
therefore find that when the concentration of sugars in a green
leaf reaches a certain level much of the sugar becomes converted
into starch. Conversely, in darkness, when the concentration of
sugars in plants is low, starch becomes converted into sugar.

The molecule of glucose sugar has already been analysed as
CgH,,04; the basic formula for starch is CgH,,0;. We may
therefore note that in the conversion of sugar to starch the
elements of water (H,O) are removed from the molecule, and
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that in the starch-sugar reaction they are returned. The first
type of reaction we call a condensation, the second a hydro-
lysis (Gk., hydro, water; lysis, a dissolving). Both the condensa-
tion of sugar to form starch and the hydrolysis of starch to form
sugar go on under the influence of several emzymes, which are
known collectively as diastase (Gk., diastasis, scparation).

€ e o

Fic. 26. DiacraMMATIC VIEW OF STARCH GRAINS IN THE CELLS OF A
Poraro Tuser

Enzymes (Gk., en, in; zyme, leaven) are chemical substances
which promote chemical reactions in living matter.

4. OsmosIs

Before we can study the way in which water and dissolved
chemical substances enter a plant we must take account of a
physical phenomenon called oesmeosis (Gk., osmos, impulse).

We may demonstrate this process by some simple experiments.
First, put a dried grape, prune, or currant in water and notice
that it slowly swells up. Next mount the apparatus shown in
the accompanying figure (Fig. 27), filling the inverted funnel
with golden syrup or some other strong sugar solution. A piece
of cellophane or parchment or animal’s bladder is tied over the
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neck of the funnel. The beaker contains water or a very weak
sugar solution. After a short time the level of the solution in
the funnel will rise.

In both the above experiments the sugar inside the grape or
funnel has pulled water in through the membrane (the wall of
the grape, or the parchment, etc.). Whenever a semi-permeable

-

.1 Concentrated
Dirlute .| soflution in funne/
solution in .
beaker

//

./;_:(

F1c. 27. EXPERIMENT TO ILLUSTRATE OSsMOsIs

membrane of this sort separates two such solutions of different
concentrations, the solvent of the weaker solution passes into the
stronger solution. The pressure which we must apply to the
stronger solution to prevent any more of the solvent from enter-
ing is called the osmotic pressure of the stronger solution.

Protoplasm acts as a membrane, and so the concentrated
solution of sugar and other substances in the vacuole of a plant
cell draws water into the cell. The outer cell-wall is permeable,
and the protoplasm lining it is selectively permeable; that
is to say, it allows water and ccrtain substances dissolved in it
to pass into the central vacuole.
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Experiments on osmosis with a living plant cell may be per-
formed on a simple thread-like water-plant called Spirogyra.
When this plant is placed in a strong solution of sugar the water
in the central vacuole will pass out through the protoplasm,
which will shrink away from the cell-wall. A ccll in which the
protoplasm has shrunk in this way is said to have undergone
plasmolysis (Gk., plasma, form; lysis, a dissolving), or to be

Nucleus

Fic. 28. Osmosis IN SPIROGYRA
Above is shown a cell from a filament of Spirogyra, in a state of turgor, under normal
conditions; below is the same cell ‘plasmolysed’ by immersion in a ten-per-cent. solution
of sugar.

plasmolysed. The opposite condition, when the protoplasm is
pressed tightly against the cell-wall by the pressure of fluid in
the cell-vacuole, is called turger (L., turgére, to swell).

5. TRANSPIRATION

Most of the metabolic processes of the plant take place in the
leaves. It is therefore not surprising to find that there is a process
called transpiration (L., trans, across; spirare, to breathe), by
which water and the chemical substances dissolved in it are
drawn from the soil and transported to the leaves.

We still do not completely know the mechanism whereby
water is raised to such great heights in forest trees, nor, indeed,
is our knowledge of all the stages involved in transpiration in
small plants complete, but we can recognizc the mechanism of
certain stages. :

When a leaf is examined under a microscope a number of
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small pores can be observed, which are found to be especially
numerous (as many as 160,000 per square inch in lilac leaves)
on the lower surface. Experiments have shown that carbon
dioxide and oxygen enter and leave the plant through these
pores, and that water evaporates from the lcaf through them
and from the rest of the leaf surface.

The pores, which are called stomata (Gk., stoma, mouth),

Stoma

Nucleus of
guard-cell - .

Fic. 29. SURFACE VIEW OF A SINGLE STtoMA ON A LEAF,
SURROUNDED BY EPIDERMIS CELLs OF THE LEAF SURFACE
AND BOUNDED BY TWO (GUARD-CLLLS
‘This figure is diagrammatic.

are each controlled by a pair of guard-cells, which by their
expansion or contraction, can regulate the width of the stoma.
These guard-cells contain many chloroplasts. When guard-cells
are in a state of turgor they swell up and separate, so widening the
pore between them; when they lose too much water they collapse,
and by sagging towards one another close the pore. The state
of the guard-cells is influenced by many factors. Wind, dry air,
and sunlight tend to cause their expansion. If the plant should
lose too much water by evaporation the pores are closed and
further loss of water is thus prevented.

Under normal conditions water is constantly evaporating
from the leaf’s surfaces. As the water molecules leave the leaf
they tend to draw by attraction those water molecules with
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which they are in contact; so water is drawn from the stem
into the leaf, where it escapes by evaporation. The experiment
shown in Fig. 147 illustrates this process and shows that the
evaporation of water from the leaf surfaces draws water through
the stem.

Fic. g0. SiNGLE StomA

Diagrammatic representations of a single stoma viewed in section from one side in
the open and the closed position.

When we turn to the root we find that water is forced up the
stem by a pressure it exerts. The existence of this root-pressure
is shown by the water which exudes rapidly from the cut stump
of a recently felled tree. Its extent may be shown experimentally
(Fig. 31).

Water passes from the soil into the root-hairs by osmosis.
As water enters a root-hair and dilutes the fluid in its vacuole
the osmotic pressure of the next cell becomes higher than that
of the contents of the vacuole in the root-hair, and water therefore
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passes through the cortex from one cell to another until it reaches
the cell-layer called the endodermis, which in some unknown
way forces the water into the xylem vessels (p. 118) in the centre
of the root.

=

I

F1G. 31. EXPERIMENT TO DEMONSTRATE ROOT-PRESSURE
Water, exuded from the freshly cut root, will be seen to rise slowly up the glass tube,

Water is therefore drawn up the stem by forces in the leaves,
after having been pushed up into it by forces in the root;! water
and dissolved salts thus travelling in these two stages from the
soil to the leaves.

! It has been suggested that other forces in the stem, including capillary action,
may also play a part in transpiration.
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Root-hatr
£Endodermis

Cortex

Xylem vessels Epidermis

particles

Fic. 32. DiacraM oF A SmaLL PortiON OF A Roor

The root is shown in cross-section in order to illustrate the passage of water from a root-hawr
to the conducting Xylem vessels 1n the centre of the root.

SUMMARY :

(1) Plants, like ourselves, feed in order to obtain a supply of
material and energy. ’

(2) Materials for plant growth are obtained by the plant from
the soil and the air.

(3) Plants obtain encrgy from sunlight by means of the green
pigment chlorophyll, which enables a chemical reaction called
photosynthesis to occur, by which energy is stored by the plant,
largely in the form of carbohydrates.

(4) The sugars manufactured during photosynthesis are mainly
converted into an insoluble compound called starch, and are
stored in that form by the plant.

5. A constant stream of water and dissolved chemical sub-
stances, called the transpiration stream, passes through the plant,
and by this means materials are carried from the soil to the
leaves, where photosynthesis occurs. Excess water escapes from
the plant over the surfaces of the leaves.

SUGGESTIONS FOR HOME STUDY

(1) Explain how a plant obtains the materials it needs for growth
and repair.
(2) Why is sunlight essential to plant growth?



CHAPTER VII
THE SOIL AND PLANT GROWTH

The thirsty Earth soaks up the rain,
And drinks, and gapes for Drink again;
The Plants suck in the Earth, and are
With constant Drinking fresh and fair.

A. CowLEY, Drinking

PLaNTS, as we have seen, derive a great deal of their food from
the soil. Plant growth must therefore depend on the substances
present in the soil, and whether they are in such a form that
the plant can absorb them.

1. THE CoONTENT OF SoIL

The aggregation of particles which we call soil varies greatly
in different parts of the country, and influences in an important
way the plants which grow in it. Certain soils will support the
life of many plants, while others will favour the growth of certain
species only and some are unsuitable for plant growth.

Despite their variations in colour, texture, and content, soils
have five main features in common: they contain (i) mineral
particles, (ii) the decaying remains of plants and animals, (iii)
carbon dioxide and oxygen, (iv) water, and (v) microscopically
small living organisms in very great numbers. Variations in soil
structure depend on the nature and the amounts of these con-
stituents.

The mineral particles are derived from the fragmentation of
rocks as the result of frost, wind, and rain. Particles of relatively
large size we term sand, while minute particles form what we
know as clay. These latter particles have become chemically
and physically altered by the action of the weather, and supply
much of a plant’s food.

Mixed with the sand and clay particles we find the decaying
remains of animals and plants, which form what we call humus
(L., humus, earth). This constituent of soil provides food-material
for plants and has a great capacity for holding moisture.

Between the soil particles we find air-spaces, and in a damp
soil we find round each particle a thin film of water.

75
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Finally, the soil teems with living things, including insects,
worms, protozoa, and bacteria. These organisms perform valu-
able chemical and physical activities in the soil, and so promote
healthy plant growth in a manner which we shall consider
shortly.

Before passing on to a more detailed description of soil structure,
we can easily make an ap-
proximate analysis of any soil
with the aid of a gas-cylinder
jar and some water. A
sample of soil is placed in the
jar with some water, and the
whole is shaken vigorously
Wwater and is then allowed to settle.
The heavy sand particles will
first settle, followed by the
clay particles, while the

i||¢—C/ay  humus will float on the
: water, as shown in Fig. 33.

SR PO €= Humus

< Fine

00,2020 3,00 0 v
'4!.:.11:..:" sand
— Coarse 2. Tue Som. AND PrLANT
(XY sand GROWTH
f ¢— Pebbles Since we have surveyed
( —\ the nature of soil we may
inquire how variations in its
F1c. 33. EXPERIMENT TO SHOW THE .- Py 1
PraysicaL ComPOSITION OF SoIL composition can a ect plant
growth.

A plant derives inorganic salts and water from the soil through
its roots, and the latter also breathe, taking in oxygen and giving
off carbon dioxide. Hence a suitable soil for plant growth will
be one that will favour these requirements.

The water and air content of soil is influenced by the size of
the soil particles. Large soil particles have large air-spaces
between them, while small clay particles are more tightly packed.
Thus a sandy soil will be better aerated than a clayey soil.

The large air-spaces in sandy soil will, however, permit but
little retention of water, which will drain freely through them.
After rain, therefore, a sandy soil will contain air but little water,
while clay will be waterlogged but will have little or no air.
Yet this water in the clay soil can only be drawn up with difficulty
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by the plant, owing to the attraction of the water to the small
particles and the fine channels between them, which provides
resistance to water movement.

Clearly, thercfore, the two extremes of sand and clay are both
unsuitable for plant growth, since the former contains air but
little water while the latter contains water but little air. A
compromise soil called a loam, which contains balanced amounts
of clay and sand particles, is needed for the healthy growth of
plants. Most garden soils are sandy or clayey loams.

Humus imparts to the soil two conditions valuable for plant
growth. First, it provides food material for the plant, since it
decomposes to form inorganic salts; secondly, it loosens the
texture of the soil, thus allowing the roots to breathe freely, and,
thirdly, it retains moisture. Hence we can to some extent remedy
the faults of sand or clay by the addition of humus in the form
of manure. Yet we must be careful to avoid excess of humus,
since the effect of large amounts of organic matter might be to
make the soil too acid, acid substances being produced freely
in the early stages of decay.

The population of living organisms in the soil influences the
growth of plants principally by means of the chemical changes
which the bacteria promote in the soil and by the movements of
soil which the worms initiate. Both these activities will be
considered later in greater detail. The nature of the population
of living things is directly influenced in its turn by the soil’s
composition, since, like the plants which grow in the soil, the
organisms it comprises depend on an adequate supply of water,
oxygen, and mincral salts, and are sensitive to great extremes of
alkalinity or acidity.

Under natural conditions the features of a soil can often be
recognized by observing the plants which grow in it. Thus an
acid soil is revealed by the presence of creeping sorrel and spurrey;
we can grow Primula auricula and Anemone alpina on chalky soils,
but not their relatives Primula viscosa and Anemone sulphurea;
rhododendrons flourish in acid soils but dislike lime, and so on.

Most gardeners are unwilling to tolerate unbalanced soils
but attempt to correct deficiencies or to compensate for any
excess. They will add lime to a clay soil to make it less acid and
at the same time more porous, because the lime causes the fine
clay particles to flocculate (L., floccus, flock of wool)—i.e., to
stick together in clumps. The addition of manure or leaf mould
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to a sandy soil will increase its content of food supplies and also
help it to retain water.

3. MICRO-ORGANISMS IN THE SOIL

When we dig a garden we find a number of small animals,
such as worms, beetles, ants, centipedes, and others. But besides
these there are some other living things which are too small to

F1c. 34. EXPERIMENT TO sHOW THE PRESENCE OF MICRO-ORGANISMS IN SoIL

be seen unless we use a microscope, though we can show their
presence by some simple experiments.

If we take some fresh garden soil and bake it in an oven we
shall kill any living things in it. We then take two flasks, each
containing a little milk and closed with cotton-wool stoppers.
The flasks are heated until the milk boils gently for a few minutes,
so that any forms of life in the milk are destroyed (see p. 213).
A little baked soil is placed in one flask, some fresh soil in the
other, and the cotton-wool stoppers replaced; we leave both
flasks in a warm place until the next day. When we then examine
them we find that the flask containing baked soil smells fresh
and the milk seems unchanged, while the flask containing milk
and unbaked soil smells like cheese and the milk: is seen to be
sour. Therefore there must be something present in soil which
is destroyed by heating and which can cause milk to become
sour. We can look for this ‘something’ by examining a few
drops of milk from each flask under a powerful microscope.

In each case we shall see the round, fat droplets of milk but
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in the sour milk we shall also find many minute rod-shaped
creatures called bacteria (Chapter XX), which are very im-
portant in soil as they cause many chemical reactions to occur.
Many of these bacteria breathe in a manner comparable to
our own. This may be shown by another simple experiment.
The apparatus shown below is assembled, and a bag of fresh
garden soil is suspended in one flask. The level of the liquid in

becomes Lime-water
milky remains clear

Fic. 35. EXPERIMENT TO SHOW THAT THE MICRO-ORGANISMS IN SOIL BREATHE
AND GIVE OFF CARBON DIOXIDE

the U-shaped tube is marked by stamp-paper. After two days
we should find that the water in the U-tube has moved towards
the soil flask, showing that some of the air has been used by the
living things in the soil. The lime-water in the soil flask has
turned milky, indicating that carbon dioxide has been produced.
(Compare with experiments on pp. 19 and 111.)

However, we are more concerned here with the feeding habits
of these bacteria, for it is by their method of feeding that these
micro-organisms cause chemical reactions to occur in the soil.

Broadly speaking, we may distinguish four main groups of
soil bacteria. (i) Some feed on the decaying bodies of animals
and plants and convert some of the complex substances, called
proteins, in them to simpler compounds like ammonia. (ii)
Others feed on the free nitrogen in the air and build it into
proteins in their own bodies. (iii) Another group continue the
work of the first group and convert ammonium salts to soluble
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nitrates, which can be used by the plant. (iv) The fourth group
undo the work of group three, and convert soluble nitrates to
ammonia. Together, thercfore, these bactcria carry out a series
of interrelated chemical reactions, which are primarily concerned
with the chemical element called nitrogen. This element is very
important for plant growth and, therefore, a study of the soil
bacteria is essential for a proper understanding of the manage-
ment of crop plants.

NITROGEN-TRANSFORMING BACTERIA

NamMe - AcTIviTY CrEMicAL CHANGE INVOLVED
1. Bacterium mycoides, etc. Cause decay Proteins -> ammonia, etc.
2. Bacillus  radicicola (on | Fix atmospheric | Nitrogen — proteins
roots of clover, etc.) nitrogen

Closmdzum} In soil

Azotobacter
3. JVitro:omanas} Nitrification Ammonium salts — nitrites

Nitrobacter Nitrites -» nitrates
4. Bacterium mycoides, etc. Denitrification Nitrates —> nitrites - ammonia!

4. EARTHWORMS AND THE SOIL

Though ecarthworms are insignificant in size, they are known
to play an essential part in the levelling of mountains, the burying
of ancient monuments, and in the maintenance of fertile soil
suitable for plant growth. The great naturalist, Charles Darwin,
published a book called The Formation of Vegetable Mould through
the Action of Worms, in which he put forward these conclusions,
which he supported by a considerable weight of evidence, some
of which we may consider here.

Earthworms have poor senses, for they cannot see, beyond
being able to distinguish between light and darkness; they are
unable to hear, and can barely smell; only their sense of touch
is well developed. Yet they build elaborate burrows, which are
often lined with leaves and have the entrance closed by a leaf or
other object. As the earthworm tunnels it eats its way through
the earth, much of which passes through the body of the worm
and is ¢jected as a ‘worm-cast’ on the surface of the soil.

Worms do not penetrate to a great depth, seldom venturing

1 B. mycoides behaves in this way when free oxygen is scarce and there is a good
supply of easily oxidized organic material—e.g., in very rich or waterlogged land.
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beyond a depth of four fect, and it is therefore mainly the upper
layers of earth that are disturbed by their activities. As many as
53,767 worms may live in these upper layers in an acre of rich
garden soil. The soil of a cornfield may contain about half
this number. Clearly, therefore, the movement of soil through
the bodies of earthworms in a garden or field must be very
considerable. It has been estimated that at least ten tons of soil
must pass annually through the bodies of the earthworms in-
habiting one acre of average soil.

This redistribution of earth particularly affects the vegetable
mould in the surface layers. Since worms digest half-decayed
leaves they help in the production of the humus acids which aid
in the decomposition of rocks. The constant movement of soil
brings decaying matter to the surface, where its decomposition
is hastened, and it also helps to grind more finely the particles
of soil or organic matter. In short, the worms by their activities
prepare the soil in the best possible way for the growth of plants.
Like the most careful gardener they mix organic matter with
the soil particles, make air-spaces, and bring about excellent
drainage of the soil.

The influence of earthworms on the levelling of land surfaces
is surprisingly great. The finc castings which they produce are
apt to roll down any sloping surface, and this action is greatly
facilitated by the action of wind or rain. If even a small fraction
of the layer of fine earth, -2 of an inch in thickness, which is
yearly brought to the surface by worms, is carried away by wind
and rain, great changes in the land surface will be produced
in a few million years, a period of time which no geologist con-
siders very long.

As a footnote to Darwin’s observations on the influence of
earthworms we may consider their effect on thc fortunes of an
amateur gardener. In 1906 a certain Dr George Sheffield Oliver,
of Texas, U.S.A., read Darwin’s book and decided that he would
experiment on the influence of earthworms on his garden soil.
He therefore took a number of pots of earth and placed worms
in some of them, first making sure, however, that the soil in the

other pots contained neither worms nor their cggs. Plants of one
species were then planted in all the pots.

The results which Dr Oliver obtained were so strikingly in
favour of that soil containing the earthworms that he decided
to investigate the problem more fully on a commercial scale.

F
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He obtained many varieties of worms and bred them on a
large scale, feeding them on soapy water and carob pods in order
to give them adequate amounts of fats and proteins. These
worms he sold to farmers and gardeners who wished to increase
the fertility of their soils. Many soils had lost their fertility as
the result of being treated with strong chemical fertilizers, which
had killed the worm population, and these soils responded well
to the treatment advised by Dr Oliver, namely, the restocking
of the land with worms. By mating different varicties of worms
Dr Oliver.produced worms suitable for different climates and
various soils. His most successful species were obtained by crossing
a small English Brandling worm and a Californian Orchard
worm. The offspring of this cross are very hardy and have
prodigious energy. Dr Oliver’s business has by now earned him
a small fortune and further emphasized the part which worms
play in the fertility of the soil.

5. Crop RoTATION

During the past seventy years British farmers have been in
constant competition with overseas agriculturists. Wheat, cheese,
butter, and meat can be produced in greater quantities and more
economically in the colonies and elsewhere than in Britain. The
general scope of British agriculture has therefore altered, con-
centrating first on meat, later on dairying, and more recently
on eggs and vegetables. Fortunately, the consumption of pro-
tective foods, such as milk and butter, has increased in more
recent years,! and owing to difficulties of transport, these foods are
not imported in such quantities as are cereals and frozen meat.

Yet, in spite of the general trend away from cereal crops,
government subsidies and restrictions on imports reduced the
amounts of cereal and meat imports during the nineteen
thirties and made mixed crop farming more profitable once
again.

The basis of mixed crop farming is the principle that no one
plant crop should be planted for too many successive years on
the same soil. Since different crops remove different proportions
of chemical substances from the soil, it is possible to keep the
balance of the latter constant by changing the crop yearly. This
principle of rotation of crops was known to the old Romans,

1 See p. 97.
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and has evolved progressively since then.
rotations are shown below.

Some four-course

—_— T 2 3

1st year Turnips (a) Potatoes (a) Potatoes (a)
2nd year Wheat (b) Mustard or wheat (b) Sugar-beet (a)
grd year Clover (c) Wheat or oats (b) Wheat (b)
4th year Wheat (b) Clover or peas (c) Clover (c)

In all cases the rotation is in the order root crops (a), corn or
other cereals (b), and clover or other legumes (c). Sometimes
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Fic. 36. SivpLIFIED DIAGRAM OF THE NITROGEN CYCLE

Plants are eaten by animals, the excretions of animals and their dead bodies are converted

by soil bactera into soluble nitrates, which plants can absorb, and the bacteria in the

root nodules of clover plants (see Plate 6), and other bacteria 1 the soil, fix the mitrogen*
in the atmosphere.

the land is allowed to stand fallow—i.c., without crops for a
year—and sometimes artificial fertilizers are employed.

Nitrogen is an important constituent of plants; mixed farming
and crop rotation aim especially at maintaining the nitrogen
content of the soil constant.

Nitrogen is removed from the soil by (1) plants, (2) denitrifying
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bacteria. It returns to the soil by (a) the excretion of animals,
(b) the decay of animal and plant bodies, (¢) the activities of
certain bacteria, some of which live on the roots of clover, peas,
and other legumes, (d) a little may come down in the rain during
thunderstorms.

Farmers also repair deficiencies of nitrogen, phosphorus, and
other elements by applying to the soil chemical compounds
containing these elements. Ammonium sulphate, sodium nitrate,
and potassium nitrate are three such chemical fertilizers which
are commonly used.

A mixed farm is therefore to a certain extent self-sufficient.
Some plant crops, such as wheat, remove nitrates and ammonium
compounds from the soil; others, such as clover, by the action of
their root bacteria return nitrogen to the soil. Cows and other
crop animals feed on grass and other home-produced foodstufls,
and their excretions form manure, which rcturns certain nitrates
and ammonium compounds to the soil. Any soil deficiencies
which cannot be corrected by natural means can be remedled
by chemical fertilizers.

There is not space to do more than to suggest here some of the
factors which may influence the nature of a farm. Soil balance
and the fluctuating prices of farm crops make the whole subject
an intricate one, which must alter with world conditions, advances
in farm implements, and discoveries in soil and plant science.

SUMMARY

(1) Plants obtain much of their food from the soil.

(2) Soil contains mineral particles, decaying organic matter,
air, water, and living things. Each of these influences the fertility
of the soil.

(3) Nitrogen and other chemical substances are removed from
the soil by some living things and returned to it by others.

(4) By careful rotation of crops and the use of fertilizers farmers
preserve the fertility of soils.

SUGGESTIONS FOR HOME STUDY

(1) If you wish to grow plants in a wmdow-box what factors must
you consider ?

(2) Discuss the relation between agriculture and the soil.



CHAPTER VIII
THE FOOD OF ANIMALS

A little meat best fits a little belly.
R. HERRICK, A Ternary of Littles

EATiNG is a familiar activity, yet how few of us have paused to
consider why it is that, in spite of the great weight of food and
water we consume, our total weight varies so little from day to
day. A ten-stone man may eat 3-3 kilograms of food daily, yet
his total weight may remain almost constant. What happens,
then, to the great bulk of food which he eats?

1. THE DEsTiINATION OF FoobD

An early attempt to discover the fate of the food which we
eat was made by an Italian, Sanctorius (1561-1636), who con-
structed a balance on which he could sit, eat, and sleecp over
long periods. He found that after eating he gradually lost the
weight which he had gained by the intake of food, and he ascribed
this to ‘insensible perspiration.’

In this explanation he was partly correct, because we con-
stantly lose water by evaporation from the surfaces of the lungs
and the skin (p. 329). Besides this we are losing the carbon
dioxide we breathe out (p.-18). Finally, we excrete solids and
water (p. 142).

It is possible to construct a balance-sheet to show the weight
of food consumed by a man and the ways in which he loses a
weight nearly equivalent to the food, water, and oxygen which
have entered his body. Such a day’s balance sheet for a resting
man weighing ten stone is given below.

WEIGHT GAINED (IN Ka.) WEIGHT Lost (1IN Kg.)
Food . . . . 1-1 | Excreted solids . . 007
Drink. . . . 1°5 | Excreted water . .13
Oxygen . . . 07 | Evaporated water R 83 ¢

Carbon dioxide . . 082
Total . . 33 Total . . 329

85
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Ten grammes are not accounted for, but if we were to weigh our
man we should find that he has gained in weight by ten grammes.
We find, in fact, that all the food which entered the body during
our experiment can be traced. This is in accordance with the
Law of Conservation of Matter, which states that matter
cannot be created or destroyed.

Fic. g7. SANCTORIUS SEATED ON His BALANCE
From A Short Fistory of Medicine, by Charles Singer (Oxford University Press)

Yct our experiment has so far told us little about the fate of
our food, since we clearly do not absorb food merely in order
that it may be excreted. We must look for some relationship
between the food which we eat and the activity of our bodies.

2. TuE ENercy 1IN Foob

If an animal is placed in a box which neither gains nor loses
heat with respect to the surrounding atmosphere any movements
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which it may make are accompanied by heat which may be
measured. Such a heat-proof box is called a calorimeter.
When such an experiment is performed it is found that the amount
of energy given off as heat by the animal is directly related to
the amount of oxygen which the animal has breathed in and
the amount of carbon dioxide which it has breathed out. It is
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Fic. 38. Diacram TO snow THE PRINCIPLE OF THE ATWATER BENEDICT
RESPIRATION CALORIMETER

The differences 1n temperatures between the water passing the thermomcters 4 and B

gives some measure of the heat output of an animal in the calorimeter chamber. The

oxygen intake, and the carbon dioxide and water output can also be measured. This
diagram is redrawn after Halliburton.

also found that the amount of energy given off is in relation to
the amount of food which has been or is shortly to be consumed
by the animal, and that the amount of heat generated is almost
equivalent to the amount of heat which would be generated if the
animal’s food were burnt in another calorimeter. Energy is
therefore neither created nor destroyed, and so the Law of the
Conservation of Energy is adhered to.

For example, a ten-stone man may consume enough food daily
to yield 2400 kg. calories (one kg. calorie is the amount of heat
needed to raise the temperature of onc thousand grammes of water
by one degree centigrade). If a ten-stone man is placed in a
calorimeter during the period in which he would have consumed
sufficient food to yield 2400 kg. calories the amount of heat lost



88 MAN AND OTHER LIVING THINGS

by his body would, it has been calculated, be 21go kg. calories.
210 kg. calories are not accounted for in this experiment, partly
due to the incomplete use of the food by the man and partly to
the storage of food (which can be observed by recording the
weight of the man).

It is clear that food has an energy value which may be measured
in terms of the units of heat energy, or calories, which would be
given off if the food were burnt. It is therefore possible to assess
the energy-value of foods experimentally in this way, and a few
examples are given below:

KILOGRAMME CALORIES

Foon PER PouNp
Cabbage . . . . . . 190
Milk . . . . . . . 303 (876 per pint)
Fowl . . . . . . . 598
Kippers. . . . . . . 974
Brown bread . . . . . . 1155
White bread . . . . . . 1182
Sirloin of beef . . . . . 1726
Cheese . . . . . . 1862
Chocolate . . . . . . 2515
Butter . . . . . . . 3497
Cod-liver oil . . . . . . 4213

The food requirements of human beings vary according to
the amount of work which each human being does during the
day. A sedentary clerk or other brain-worker will requirc very
much less food than a wood-cutter. A list of a few professions
with their calculated daily energy requirements is given below:

PROFESSION Kgﬁ;‘;‘l‘g’h
Monk . . . . . . . 2304
Teacher . . . . . . . 2600
Housewife or typist . . . . . 2800
Soldier in war . . . . . . 3146
Farm-labourer . . . . . . 4100
Woodcutter . . . . . . 5500
College football player (American estimate) . 5742

3. THE MATERIALS IN FooD

House-flies, butterflies, and many other insects are almost
fully grown when they emerge from the pupal case. Their food,
therefore, which consists almost entirely of sugar and water,
provides them with energy only.

We, however, need certain chemical substances to build the
protoplasm in our bodies. We especially require the elements
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carbon, nitrogen, hydrogen, and oxygen, which we take in our
food in the form of proteins, carbohydrates, and fats (see p. 46).
We may summarize the utility of these elements as follows:

(a) Proteins. Used to replace old tissues or to provide new
tissue; they may also be ‘burnt’ as fuel, one gramme
yielding 41 calories.

(b)) Carbohydrates. Either ‘burnt’ immediately to release
energy or stored as glycogen. One gramme yields 4-1
calories.

(¢c) Fats. Either burnt immediately to release energy or
stored to provide a source of potential energy and
used to provide cushioning material to protect internal
organs. One gramme of fat yields g-3 calories.

A number of other elements help to build the human body.
Three of these substances are especially important; they are
required in fairly large amounts, and if we do not obtain our
requirements our health will suffer.

(1) Calcium. Needed for the healthy formation of bones
and teeth, the activity of muscle and nerve, and for
the clotting of blood. Adults require two-fifths to one
gramme of calcium per day; children need one gramme
per day.

(2) Phosphorus. Phosphorus and calcium act together in
the formation of bones and teeth. Neither element
can be effective without the other. Adults require
1-3 grammes per day; children need two grammes per
day.

(3) Iron. Iron forms part of a chemical substance called
hamoglobin, which colours our blood red. When our
food does not contain enough iron we become pale-
lipped and tired, and are said to suffer from anamia.
Girls need more iron than boys. Men require 0-012
grammes of iron daily. Women need o-015 grammes
per day. A child can keep healthy with a daily intake
of 0-001 grammes.

Calcium and phosphorus are abundant in milk, cheese, egg-
yolk, and almonds. Iron is present in egg-yolk, meat, spinach,
water-cress, dried beans and peas, dried prunes, and some other
foodstuffs.
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4. VITAMINS

Our survey of the substances present in animals’ foods is not
yet complete, since a diet of refined proteins, fats, carbohydrates,
and mineral salts, though providing the energy and the apparent
materials needed by the body, does not support life.

In 1888 a Swiss worker, Dr Lunin, fed some mice on such a
diet, but to his surprise the animals rapidly sickened and died.
Soon afterwards a Dutch worker cepeated the experiment, but
added a trace of fresh milk to the dict. His animals did not die,
thus showing that milk must contain some substances other than
the 3-4 per cent. protein, 4-8 per cent. carbohydrate, 35 per cent.
fat, and the phosphorus, calcium, and water of which it was then
known to consist.

In 1912 Sir Frederick Gowland Hopkins showed by experi-
ments that fresh foods contain very small amounts of certain
chemical substances which must be present in the dict of a
healthy animal. These chemical substances are called accessory
food factors, or, morc shortly, vitamins, Later research has
shown that many distinct vitamins exist, and-that if a diet does
not contain an adequate amount of all of them certain diseases
will occur.

Severe shortage of vitamins will lead to the dangerous diseases
of scurvy, rickets, pellagra, beri-beri, and others. A slight defi-
ciency may not be followed by serious symptoms, though as a
consequence the body may not be in good health.

Many diets in modern civilized communities do not appear
to provide an entirely adequate vitamin supply for the body.
The addition of an extra pint of milk each day for school-children
has been followed in many cases by an increased height and
weight, as compared with those who have received the usual
diet, which was formerly thought to be adequate in material and
energy content.

Our knowledge of the more important vitamins is summarized
below; the vitamins are denoted by letters of the alphabet, or
by names where their exact composition is known.

Vitamin A. This is abundant in the fat of mammalian and
fish livers (e.g., in cod-liver oil), milk, and eggs.

Animals can manufacture vitamin A in their livers, using for
this a yellow chemical substance called g-carotene, which is
present in carrots and some other sources.
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An adequate supply of vitamin A in the diet is essential for
hcalthy growth and to maintain the skin and eyes in a healthy
condition. As the skin, particularly that of the throat and nose,
prevents discase germs from entering the body, even a slight lack
of vitamin A may lead to a decreased resistance to infection.

Severe lack of vitamin A leads to a hardening of the cornea
of the eye, a condition known as xerophthalmia. Recent
research has also shown that poor vision in the dusk, known as
¢ night-blindness,’ may be due to deficiency of vitamin A.

Vitamin A is not destroyed by heating and keeps well.

Vitamin B. This was once thought to be a single chemical

‘compound, but is now recognized to consist of a complex of six
or more separate chemical compounds, each of which probably
exerts a separate effect on the body. Two of these are particularly
important.

Vitamin B, (Aneurin). This is abundant in yeast, in the
husks of corn, in wheat and other cereals, and is also found in
small amounts in many other foods. Its presence is important
because it cnables the body to make a proper use of the carbo-
hydrates in the food. It also influences the nervous system.

A severe lack of vitamin B leads to a disease called beri-beri,
which is characterized by wasting of the muscles, and finally
by paralysis.

Vitamin B, is not damaged by heating to 100° C. but is des-
troyed at 120° C. Consequently it is present in dried foods but
not in canned foods. Wholemeal bread has fairly large amounts
of vitamin B,, but white bread has little of this vitamin.

Vitamin B, (Riboflavin). Yeast, ox-kidney, the yolk of hen’s
eggs, and milk contain vitamin B, in fair quantities. Itis essential
to cellular respiration. ‘

Nicotinic Acid (the pellagra-preventing vitamin). Until
recently that vitamin which prevents the disease called pellagra
was confused with vitamin B,. Now it has been identified as
nicotinic acid, a compound allied to the drug called nicotine,
which is present in small amounts in tobacco.

Nicotinic acid is present in animals’ livers in fairly large
amounts. Foods which contain vitamin B, also contain some, if
little, nicotinic acid.

Some of the poorer inhabitants of the United States and
Europe cannot afford to buy diets containing adequate amounts
of nicotinic acid, and consequently suffer from a condition
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called pellagra, with the symptoms of skin disorder and later
madness.

Vitamin C (hexuronic or ascorbic acid). Vitamin G is soluble
in water and is found chiefly in fresh fruits and vegetables.
Oranges and lemons contain fairly large amounts, but the West
Indian lime is a poor source of vitamin C. Berries, rose-hips,
tomatoes, and certain other vegetables contain this vitamin in
fairly large amounts.

Vitamin G appears to play an important part in tissue respira-
tion. Lack of it in the diet has been shown to be followed by a
decreased resistance to certain infectious diseases. Absence of
it in the diet leads to a condition called scurvy, in which the
gums become swollen and tend to bleed, together with a general
tendency to bleed at other parts of the body.

Considerable losses of vitamin G occur when food is cooked.
Four-fifths of the vitamin C present is destroyed by twenty
minutes’ boiling.

Vitamin D. Vitamin D is soluble in fats but is not abundant
in any common food. A fair amount is present in eggs and milk
but the best sources are the oils derived from the livers of the
fishes cod and halibut. Some animals, including man, manufac-
ture vitamin D in their bodies when they are in sunlight. The
ultra-violet rays of the sunlight change a chemical substance
called ergosterol, which is present in the skin, to vitamin D.

Vitamin D probably helps the body to absorb phosphorus and
calcium from food. When there is a lack of vitamin D in the diet
we find malformation of bones and teeth. This is especially
found in children, whose bones and teeth are still being formed,
and where lack of vitamin D leads to a condition called rickets,
in which the bones are poorly formed.

Research work on vitamins has proceeded rapidly in recent
years, and our knowledge is being constantly modified and
extended. A great many accessory food factors which have been
discovered await more detailed investigation before their impor-
tance can be accurately estimated. One of these, named vitamin
E, plays an important part in the reproduction of certain animals;
there is some indication that an adequate supply of this vitamin
may also be essential to human fertility.

Vitamin diseases are clearly not infectious, as they are caused
not by bacteria, nor by other parasitic living organisms (see p.
208), but by lack of essential foods.
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DISEASE CAUSED DALy REQUIRE-

VITAMIN BY SEVERE Best Foop SoURrCES MENTS OF YOUNG

DEFICIENCY ' CHILD

A Night-blindness. | Butter, egg-yolk, tomato, | 25 mgm. (Say
Xerophthalmia | spinach, cod-and hali- | 2 oz. of toma-

but-liver-oils toes, 3 oz. of

° spinach, or 6 oz.

of cabbage.)

B (found as com- | Beri-beri Wheat, yeast 1-2 mgm. (B,).
plex of six separ- (Say one plate
ate vitamins, B, of porridge with
B,, etc.) one pint of

milk.)

P.P. factor (mico- | Pcllagra Yeast, liver, wheat 20 mgm. (Say 6
tinic acid) oz. of liver or

one half-pint of
milk.)

C (hexuronic acid) | Scurvy Oranges, lemons, black- | 50 mgm. (Say

currant one or two
oranges.)

D Rickets Egg-yolk, butter, cod- | 0-05 mgm. (Say

and halibut-liver oils 4 oz. of herring.)

N.B. Milk and milk products (butter, cream, dried milk, cheese) and eggs are
valuable sources of all the vitamins except C. Babies should be given orange juice
where possible. Slight dcficiency of any or all vitamins may not lead to definite
disease, but will produce poor health.

5. ADVANCES IN OUR KNOWLEDGE OF NUTRITION

Destructive wars or the faikures of crops have led to periods of
starvation in the past and present. Much of the malnutrition in
past centurics may, however, be traced to a lack of certain elements
in the diet rather than to a shortage in the bulk of food consumed.
The diets of our ancestors often lacked certain vitamins.

Two questions which have often been asked about vitamins
show how their nature has been misunderstood by many people.
The first question is, “ What happened to men before vitamins
were discovered?” The second question is, “Shall I feel better
if I eat more vitamins?>> We shall get some answer to both these
questions by a brief study of nutrition in the past and in the
present.

In England the food of the country was greatly affected by
the changes in industry at the end of the eighteenth century.
The movements of the agricultural population to the towns left
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fewer people in the countryside to produce food for the nation,
and so much food had to be imported. Industrialization in the
nineteenth century was attended by a rise in the population of
England, and by subsequent poverty in certain classes of the
population. Moreover, urbanization was accompanied by a
change in the nature of .the food consumed by the population.
Much of the fresh country food was ‘denatured’ before it reached
the city-dwellers. For example, wholemeal bread became less
popular, and its place was taken by white bread, which in com-
parison contains very little vitamin B,. In consequence of these
changes certain signs of malnutrition directly accountable to
vitamin deficiency began to appear in the nation.

However, we should not regard vitamin deficiency as of recent
origin. There is abundant evidence of diseases due to vitamin
deficiency in early times.

Vitamin A. The earliest reference to vitamin A deficiency
is found in an Egyptian manuscript dated about 1500 B.c. A
translation reads: ‘‘Another prescription for the eyes: liver of
ox roasted and pressed, give for it. Very excellent.” Night-
blindness, due to lack of vitamin A, was also known to the Greeks.
It was described by Hippocrates (¢. 460 B.c.), who correctly
prescribed ox-liver in the diet as a remedy for this disease.

Vitamin B,. The disease beri-beri has probably been known
in the East among rice-cating populations for thousands of years,
yet no satisfactory explanation of it was given until a naval
doctor, Admiral Takaki, investigated the condition in the Jap-
anese Navy. In 1878, 33 per cent. of that navy suffered from beri-
beri. Takaki insisted on an improvement in the diet, and by
1888 the disease was almost stamped out.

Later investigations by various workers showed that beri-beri
was not due to a lack of proteins, as Takaki had believed, but
was found among populations who fed on polished rice, though
few cases occurred when the diet contained unpolished rice.
We now know that vitamin B, is contained near the husk of
grain and that the vitamin is removed by the polishing of rice
and by the manufacture of white flour. Cases of beri-beri occur-
ring as a result of eating white bread rather than brown or
wholemeal bread are rare, but there is little doubt that many of
the digestive and nervous ailments of those who cannot afford to
buy more expensive foods might be prevented if wholemeal
bread were eaten instead of white bread.
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The P.P. (Pellagra-preventing) Factor. Pellagra killed
morc than cleven thousand persons in the United States of
America in 1915, and even now thousands of fatal cases occur
there every year. Yet this disease can be prevented, and some-
times cured, by a simple alteration of the diet.

The disease was once thought to be infectious, and one might
even see illustrations in books of the ‘pellagra fly,” which was
supposed to carry the disease. Fortunately, an American
physician, Dr Joseph Goldberger, was not satisfied with this
view, but examined the diets of pellagra victims and found that
certain foods were lacking and that even close association with
pellagra victims did not cause him or his fellow-workers to
‘catch’ this disease. He then improved the diets of two orphan
asylums and one lunatic asylum where pellagra had been com-
mon, and found that no cases occurred after the improvement
in diet. Later, convictsin an Amcrican gaol were offered freedom
if they would live on a diet similar to that ‘enjoyed’ by pellagra
victims; some did, and developed pellagra, so proving that
pellagra was not an infectious disease but was due to deficiencies
in the diet. Experiments on animals were then employed to
identify the anti-pellagra factor in food. This was successful,
and deaths from pellagra could now be prevented by correct
feeding.

Vitamin C. The value of animal experiments is vividly shown
by the discovery of vitamin C.

Scurvy has been known for many hundreds of years. Vasco
da Gama sailed round the Cape of Good Hope in 1498 with a
crew of 160. A hundred of these perished from scurvy. Admiral
Hawkins in 1593 noted about scurvy ‘“that which I have seene
most fruitful for this sickness is sower oranges and lemmons.”
In 1757 a Scottish naval surgeon, called Lind, published a book
in which he described careful experiments on the cure of scurvy
by oranges and lemons. Eventually, in 1804, the Admiralty took
over the control of sailors’ health and prescribed that lemon-juice
should be carried on ships undertaking long voyages. This led
to a great decrease in scurvy in the British Navy. Haslar Naval
Hospital admitted 1457 cases of scurvy in 1780, but only one in
1807, after regulations had insisted on precautions against scurvy
being undertaken by ships. Even to-day Britishers are referred
to by Americans as ‘limeys,” a name which is said to refer to the
regulation that lemon-juice should be carried by British ships.
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It was not, however, until scientists experimented on animals
and gave them scurvy by feeding them on diets lacking in certain
foods that real progress was made in our knowledge of vitamin C.
Many people are appalled by the cxperiments carried out on
living animals and do not appreciate that such experiments are
often essential for our knowledge of disease, and that by the
suffering and deaths of perhaps a few hundred rats many
thousands of human beings can be freed from the ravages of
disease. For it is not enough to say, as Hawkins said in the
sixteenth century, that scurvy may be cured by sour oranges and
lemons. We must examine every symptom of the disease, the
possibility of curing it by other methods than oranges and lemons,
the extraction of the vitamin as a chemical substance in pure
form, and, finally, the preparation of the vitamin by artificial
means. These things can only be done by experiments on living
animals.

All modern work on scurvy may be said to start with the
discovery in 1907 by Norwegian workers that scurvy could be
produced in guinea-pigs by certain diets deficient in vitamin C.
This enabled other research workers to test the ‘anti-scurvy’
properties of their extracts of orange-juicc. Eventually workers
in England and Germany noticed that fresh fruit juice cured
scurvy, but stale fruit juice did not. Furthermore, it was observed
that an acid, hexuronic acid (CgHgOq), also disappeared from
fruit juice as it became stale. The final identification of hexuronic
acid with vitamin C was accomplished by a Hungarian, Szent-
Gyorgyi, who fed this acid to guinea-pigs and cured them of
scurvy. Vitamin C was later prepared in the laboratory. But
for the experiments on animals the discovery and isolation of
vitamin C might never have been made.

Vitamin D. In 1650 an English professor described the disease
rickets, but it was not until the ninetecnth century that cures
for rickets were proposed. In 18go it was shown that sunlight
prevented severe rickets, and by 1932 vitamin D had been
analysed in the laboratory. The malnutrition in Germany and
Austria in 1919 stimulated work on rickets. It was impossible
to provide foods rich in vitamin D for the many thousands of
children suffering from rickets in those countries. Sunlight was
therefore tried, and found to aid the cure in most cases.

Although cases of severe rickets are fairly rare to-day in our
cities, there is still room for improvement. In 1863 one-third of
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London’s children suffered from severe rickets. In 1928 an
examination of London children showed few cases of severe
rickets, but four-fifths of the schoolchildren examined showed
traces.

Recent Improvements in Nutrition. There is little doubt
that our national health has improved since about 1870. During
recruiting for the Boer War (1899-1902) about 40 per cent. of
the volunteers were rejected on account of their poor health.
In the War of 1914 the proportion of medically unfit men was
much less, while in the war that began in 1939 less than 10 per
cent. of the conscripts were rejected for medical reasons.

An increased consumption of the foods rich in the protective’
vitamins may have played an important role in the improvement
of the nation’s health. A comparison of the consumption of
certain foods illustrates this.

ConsumMPTION PER HEAD IN LB. PER YEAR

WHEeAT [PoTATOES| SUGAR MeaT | BurteEr | Fruir X\};:a?,?s
1911—-13 . 211 208 79 135 16 61 60
1936 . . 212 213 94 148 25 114 126

This table shows that more food is being eaten by the nation,
particularly more of those which are rich in vitamins.

The consumption of milk has also increased, owing largely
to the activitics of the National Milk Marketing Board, yet it is
still too low. The average consumption per head of milk is only
one-third of a pint per day. A consumption very many times
as great would bencfit the nation.

The present consumption of bread is also unsatisfactory. In
the past hundred years the average daily consumption per head
has dropped from 21-3 ounces of wholemeal bread in 1840 to
11-6 ounces of white bread in 1934, the latter representing one-
tenth of the vitamin B content of the 1840 diet. Probably other
foods replace most of this vitamin B, but there is no doubt that
the nation’s health would be improved if more wholemeal bread
were eaten.

If a person’s diet is fairly rich in milk, vegetables, and other
‘protective’ foods probably little or no improvement in health
would be obtained by consuming vitamins in the form of cod-
liver oils or other medicines. It is probable, however, that few
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of us eat a diet which is so well balanced as to allow us a proper
supply of vitamins.

We may emphasize this last statement by concluding with an
account of an experiment on nutrition performed by Major-
General Sir Robert McCarrison. Sir Robert took forty healthy
young rats and divided them into two equal lots. For the next
six months he fed the two batches on different diets. One
batch received milk, fruit, and green vegetables; the other
received a diet of white bread, a substitute for margarine, tinned
meat, tinned jam, vegetables cooked in soda, and tea with very
little milk and sugar. The rats were kept in clean cages and
_enjoyed plenty of sunlight.

At the end of six months their condition was recorded. Only
three of those who had been reared on the good diet of fresh
food were dead—one by an injury, one by pneumonia, and one
through no apparent cause. The remaining rats on this diet
were fat, active, and with sleek coats. Those rats which had
survived on the poor diet were all thin, weak, and with poor
coats of fur. Nine of the original twenty had died, some from
pneumonia and some from weakness. All the dead rats were
found to have diseases of the digestive system.

Authorities have estimated that ncarly half of the population
consume diets little better than that given to the second group
of rats. Some families consume artificial rather than natural
fo,ods by choice, but most malnutrition can be traced to poverty,
Which does not permit the purchase of protective foods rich in
vitamins. Yet experts have estimated that enough vitamin D
to protect every child in the country would only cost £100,000
per year, and that an adequate milk supply for every child under
fourteen would cost only £6,000,000 yearly.* There is no doubt
that the results would justify the claim that the science of nutrition
is one of the leading sciences of this century, and that the
destinies of nations depend on the manner in which they are
nourished.

SUMMARY
(1) Most of the food which we consume is balanced by an
equivalent amount of material which our bodies excrete. Our
weight does not.therefore greatly increase after each meal.
(2) Food contains potential energy. Any kinetic energy which

1 1940 estimates.
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is used in our daily activities is balanced by the potential energy
which we take in our food.

(3) Certain chemical elements are required by the body in
fairly large amounts to build protoplasm.

(4) Minute amounts of chemical substances called vitamins
must be present in our food if we are to remain healthy.

(5) A satisfactory diet should be so balanced that it supplies
potential energy and all the chemical substances required by the
body—namely, water, proteins, carbohydrates, fats, mineral
salts, and vitamins,

SUGGESTIONS FOR HOME STUDY

(1) Plan a diet-sheet for one day, choosing inexpensive foods but
taking care to meet the full food requirements of a child.

(2) “What happened to men before vitamins were discovered?”
Discuss this question.



CHAPTER 1X
DIGESTION

Now good digestion wait on appetite,
And health on both !

W. SHAKESPEARE, Macbeth

1. Purrose AND MEeTHOD OF DiIGEsTION

WE may now examine the fate of the food after it has entered
the body. To help our study let us consider what happens to
our breakfast when we have eaten it.

ANALYSIS OF A GOoOD BREAKFAST

PROTEINS

CARBO-

FaATs

CALORIES
Foop (PER- HYDRATES PER- VITAMINS
CENTAGE)| (PERCENTAGE) 'CE(NTAGE) PER LB.
Oatmeal porridge | 11°9 70°0 86 1885 | A + (i.e., only a
- moderate amount
present)
+
Bacon 90 Negligible 55°2 2492 —_
Egg . 124 07 115 81 |A 4+
(1egg) [B ++
D ++
White bread 8.9 540 03 1182 —_
Butter 02 None 830 3497 | A+++4 (i.e., rich
in Vitamin A)
D +++
Coffee or tea Nfo Foop [VaLue
Milk 34 48 3'5 |376per |A ++
. pint |B 4
D ++

The foods contain water and mineral salts in addition to the compounds given

above.

Most of our foods are solid, and must be made soluble before
they can be absorbed by the body. Even apparently soluble
foods, like milk, must generally undergo chemical change before
they can be used by the body.

The breaking down of foodstuffs and their conversion to

100




DIGESTION

chemical substances which can be absorbed by the body 1s
performed during a process called digestion.

2. MaN’s DiIGesTIVE SysTEM

The digestive systems of man and other vertebrates are built

on a common plan. Food passes down a long tube, the alimen~
Y ala

7 i e

Cesophagus

%3
ples
Gall-bladder

Fic. 39. DIAGRAM TO ILLUSTRATE THE MAIN FEATURES OF THE HumaNn
DIGESTIVE SYSTEM AND THE POSITION OF SOME OF THE DIGESTIVE
ORGANs IN THE Boby

Slee Y
tary canai (L., alere, to nourish), of which various regions are
modified for particular activities.

Before passing down the alimentary canal of man food is
broken into smaller pieces by the teeth in the mouth; it is then
passed down a tube, the esophagus (Gk., oisophagos, gullet) to
the stomach, where it is retained for some hours. Thence the
food passes slowly down the duodenum (L., duodeni, twelve each),
where it is acted on by many digestive enzymes. It then travels
down the intestine, in which most of the digested food is ab-
sorbed by the walls. What remains of the man’s Jast few meals
then collects in the rectum (L., rectus, straight), and is later
passed out to the exterior as excretory material through a hole
in the body-wall, the anus (L., anus, ring).
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This brief and incomplete survey of the processes of digestion
in man, together with reference to Fig. 39, provides an introduc-
tion to a more detailed study of the process, which is a complicated
one and involves the action of many digestive efizymes. These
enzymes are chemical compounds which promote chemical
reactions whereby the food is made more soluble.

The outer walls of the alimentary canal are muscular, and by
their waves of expansion and contraction, called peristaltic
movements (Gk., peri, round; stellein, to place), food is gently
forced through the alimentary canal, and so passes from one
region of the canal to the next; the inner walls of the alimentary
canal contain tissues called glands, which manufacture the
digestive juices. These contain digestive enzymes in which the
food is bathed as it passes through the digestive system.

3. DiGEsTION

The digestive enzymes bring about changes in the chemical
substances present in food, making their contained molecules
smaller, and so more easily absorbed by the body.

The Mouth. In the mouth a digestive juice is prepared by
three pairs of glands, the salivary glands, which are situated
near the hinges of the jaws. The saliva which they produce helps
to moisten the food and to lubricate its passage down the alimen-
tary canal, and it also starts digestion by means of an enzyme
which it contains, called ptyalin. This enzyme acts on starch
and converts it into soluble sugars. These, and the undigested
material, pass through the cesophagus to the stomach.

The Stomach. In the stomach food is acted on by two main
chemical substances: (i) hydrochloeric acid (about o2 to
o'5 per cent.), which stops the action of ptyalin and kills any
bacteria in the food; (ii) pepsin, an enzyme which breaks down
the complicated protein molecules into simpler ones, known as
peptones and proteoses,

Another enzyme, called rennmin, coagulates milk, thus pre-
venting it passing too rapidly through the alimentary canal
before it can be digested.

Food takes from three to four hours to pass through the
stomach. Muscles in the stomach wall continually move so that
the food is mashed and soaked in the digestive juices. The food
slowly passes from the stomach into a coiled tube. the duodenum ;
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the exit of the food from the stomach is controlled by a circular
muscle called a sphincter (Gk., sphingein, to bind tightly). In
the duodenum the food is acted on by many digestive juices
manufactured by a gland, the pancreas (which a butcher calls
‘sweetbreads’). The pancreatic juice contains three enzymes:

(1) Trypsin. An enzyme which continues the digestion of
proteins and peptones by breaking down peptones,
proteoses, andany remaining proteins into amino-
‘acids, which are chemicals which have still smaller
molecules than have peptones.

(2) Amylase. An enzyme which converts undigested starch
into maltose sugar. N

(3) Lipase. An enzyme which acts on fats, converting them
into fatty acids and glycerol (soTuble products which
can pass through the intestinal wall). The digestion
of fats is aided by a green fluid called the bile, which
is made by the liver, stored in the gall-bladder (a
gland embedded in the liver), and™<carried to the
duodenum along the bile-duct. Bile breaks up the fats
into fine droplets, which can be easily acted on by
hpase ‘This process is called the emulsification of fats.

—_—
After the food has been acted on by the pancreatic juice it
passes into a long, coiled tube, the small intestine, where other
enzymes complcte the digcstion of sugars and proteins. The small
intestine is also the region for the absorption of food, and here
the small molecules of amino-acids, sugar, etc., pass through the
walls of the intestine into the blood and are carrled to the liver.
After the food has passed thﬁﬁgh the small intestine it may
enter the large intestine, where water is absorbed, or it may enter
a ‘blind alley,” the czecum (L., cecus, blind), which terminates
in the vermiform appendix (L., vermis, worm; forma, shape).
In anifmals which eat a great deal of plant food the cacum is
large, and is filled with bacteria which can digest cellulose, the
carbohydrate which forms the cell-walls of plants. The rabbit
has a large cecum, but man, who eats less plant food, has a very
much smaller cecum and an appendix (L., ad, to; pendere, to
hang), which has little function and may even be troublesome.
Sometimes an appendix becomes inflamed and produces poisons
which cause a disease known as appendicitis, which can bgcﬁzﬁ
by removal of the appendix or b{ﬁéﬁﬁﬂ?&ﬁng in mild cases.
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Food which cannot be digested and has passed down the Jarge
intestine collects in the rectum, and thence passes to the exterior
through the anus. The opening and closing of the anus is regu-
lated by another circular sphincter muscle.

This description of the digestion of food in man serves also as
an account of the manner in which food is absorbed by most
vertebrate animals. The shape and structure of the teeth and
alimentary canals of aif animal are, however, greatly influenced
by the nature of its food.

Enteric
cececa

Crop

Oesophagus

Gizzard

Mid-ntestine
Malpighian tubules

Fie. 40. ALIMENTARY CANAL OF THE COCKROACH, PERIPLANETA AMERICANA
Compare the above with the human digestive system.

4. THE ABsorpTION OF FooD

Most of the absorption of our food takes place in the small
intestine, of which the inner lining is thrown into a number ol
folds to increase its surface area. These folds are studded witk
millions of tiny projections called villi (L., villus, shaggy hair).
which each contain fine vessels of tﬁggrculatory system.

Water, carbohydrates, and the broken-down proteins soak
through the wafls of the villi and are absorbed by capillary vessels
of the circulatory system. All the venules from these vill
join to form a portal (L., porta, gate) vein, which carries the
absorbed food to the liver; it is thence carried round the body
by means of blood-vessels. Much of the food is stored in the liver
in the form of glycogen.

The.fats which we eat are absorbed by fine ducts callec
lacteals (L., lac, milk), which join one another and communicatc
with a thoracic duct, which opens into a subclavian vein near
the heart. The lacteals and thoracic duct are part of what i
called the lymphatic systém, which will be studied later (p. 126)
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5. THE TEETH

The chewing, or mastication, of our food is a necessary pre-
liminary to digestion, for by it the food is ground into fine par-
ticles on which the digestive enzymes can act easily. Care of

Villus

Lacteal

I/nner wall
of intestine

Venule

Lymphatic vessel

F1c. 41. BLOOD-SUPPLY OF THE SMALL INTESTINE
A single villus is shown in section, with the blood vessels which supply it.

the teeth and thorough mastication therefore increase the value
of our food.

Each tooth has the same basic plan—a cap of enamel protects
a block of dentine (L., dens, tooth) which surrounds a central
pulp cavity. The cap of enamel is very hard, and formed of a
bone-like substance which often forms small projections called
cusps (L., cuspis, point). The dentine is softer, and is penetrated
by many fine nerves, which transmit a message of pain to the
brain as the dentist drills through dentine when filling a hole in
a tooth. The central pulp-cavity is soft, and very well supplied
with blood vessels and nerves.
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Long roots of the tooth are embedded in the jaw and fixed
there by a cement-like substance.

The accumulation of foodstuffs in the cracks between teeth
or between cusps often leads to the formation there of chemical
substances which dissolve the enamel and thereby allow germs
to enter and cause decay. Decayed teeth produce mild poisons,

y Blood-vesse/
and nerve

Fic. 42. VerticAL SEcTION OF A HUMAN TOOTH, SHOWN EMBEDDED
IN THE GuMm

which lower the body’s health. Frequent brushing of the teeth
keeps them healthy.

Teeth vary in different animals. In the simpler vertebrates
they are usually all similar and peg-like, but in mammals they
may vary in shape according to the type of food eaten by the
species. Fundamentally, there are three types of teeth in a
mammalian jaw. In front there are chisel-shaped incisors
(L., incisus, cut into), which are used for nibbling, then single,
pointed canines (L., canis, dog), which are used for biting and
tearing, and finally flat molars (L., molere, to grind), which are
used for grinding food. Animals, like the rabbit, which feed on
grass and shoots have well-developed incisors for nibbling and
molars for grinding, but no canines. Flesh-eating animals, such
as tigers, wolves, and dogs, have full sets of teeth, with especially
long, sharp canines and sharp points on the molars for tearing
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flesh. We have a complete set of teeth, capable of dealing with
animal or vegetable food; the teeth are neither very sharp for
flesh-eating, nor flat or deeply ridged for grinding plants, but
moderately flat, with small, sharp points, or cusps.

Rabbit

Fic. 43. Jaws oF A HerBivore (RaseiT), CARNIVORE (Dog), aND
OMNIVORE (MAN) COMPARED
The figures have been drawn the same size for ease in comparison and are not to scale.

The adult teeth of mammals are preceded by a first set of
‘milk-teeth,” which we shed in the early years of our lives. A
few large teeth, the true molars, are not preceded by milk-teeth,
but develop later at maturity. These true molars should be
distinguished from the premeolars, which also have a grinding
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surface but which arise first as milk-teeth. The last molars to
appear are the wisdom-teeth, which are set so far back on the
jaws that they cannot grind food, and generally decay. They
are a relic of man’s ancestors, who had longer jaws than modern
man (p. 281).

Tue PrinciparL Enzymes IN THE DicesTive CANAL oF MaN

Na PosiTIoN Enzymes
ME A“g os IN Acrtions oF Enzymes oN Foop
OF GLAND SECRETION
Salivary glands (near | Ptyalin Acts on starch to form malt-sugar (maltose)
mouth)
Stomach wall Pepsin Converts proteins to proteoses and peptones

Rennin Acts on casein, the protein in milk, and thus
‘clots’ milk

Pancreas (near duo- | Amylase | Converts starch into maltose
denum)

Trypsin | Converts proteins to proteoses, peptones,
and amino-acids

Lipase Converts fats to glycerol and fatty acids

Glands in walls of | Erepsin Converts proteoses and peptones to amino-
small intestine acids

Maltase Converts maltose to glucose

SUMMARY

(1) Before the food of animals can be absorbed by the body
it must be made soluble, so that it can pass through the walls of
the alimentary canal; this process is called digestion.

(2) Chemical substances called enzymes cause reactions to
occur by which foodstuffs are broken down and made soluble.

(3) Food is absorbed by blood-vessels in the walls of the
alimentary canal and carried in the blood to the parts of the
body which need food.

(4) Teeth crush our food before it enters the digestive system.
The teeth of animals vary in form with the type of food which
they consume. ‘

SUGGESTIONS FOR HOME STUDY
(1) Where and how are (a) bread, () fat and lean meat, digested
in our body?
(2) Describe the structure and the function of animals’ teeth in
relation to their food.



PART II

CHAPTER X
RESPIRATION
Shall man into the mystery of breath
From his quick beating pulse a pathway spy?
G. MEREDITH, Hymn to Colour

WHEN we place an animal in a calorimeter we find that the
amounts of the oxygen breathed in by the animal and of the
carbon dioxide breathed out are related to one another. They
are, moreover, related to the energy the body releases and to the
food it consumes. It is not surprising, therefore, to find that the
interchange of oxygen and carbon dioxide between living things
and their surroundings is part of a process whereby energy is
released from the breakdown of chemical substances. In animals
these substances are replaced by the food which they eat.

# The breakdown of chemical substanc?s in organisms with ‘a
release of energy is called respiration\ (L., re, again; spirare,
to breathe).

1. REsPIRATION AND COMBUSTION

There are superficial resemblances between the respiration
process in our bodies and the burning of wood in a fire to give
heat. In both processes complex substances are broken down,
oxygen is absorbed, carbon dioxide is given off, and energy may
be released as heat.

The early chemists were aware that a process something like
combustion takes place in our bodies. The experiments of
Priestley (1733-1804) had shown that when red mercuric oxide
is heated very strongly a gas is produced. Lavoisier (1743-94)
realized that this gas was probably the same as that which is
present in air and combines with mercury to form mercuric oxide
when mercury is burnt in air. He called this gas oxygen, and
showed that it combines with metals when they are burnt.

Lavoisier later turned his attention to the breathing of animals,
which he recognized to be an oxidation process of a kind essen-
tially similar to the burning of a candle flame. He showed that
carbon dioxide and water are produced as we breathe and that

100
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oxygen is taken into the body during the process. He concluded,
moreover, that the heat of our bodies is a result of respiration.

Subsequent work has shown that, while respiration, involving
as it does a number of chemical reactions, is a more complex
process than the simple combustion of materials, the processes
of respiration and combustion are in broad outline similar. In
both processes complex chemical compounds are broken down,
oxygen is taken in, carbon dioxide is given off, and energy is
released.

2. RESPIRATION IN PLANTS

Respiration may be studied conveniently in plants, where the
process is a relatively simple one, not complicated by special
respiratory organs or a circulatory system, as it is in animals.

Our evidence from experiments suggests that when a plant
respires it breaks down the sugars which it has built up by
photosynthesis, and so obtains energy for its activities. The
reaction is probably a complex one involving many stages, but
it is possible to construct an equation which indicates simply
the main features of the process in plants or animals.

Translated into words, this equation indicates that if complete
respiration occurs a molecule of sugar will combine with six
molecules of oxygen to form six molecules of carbon dioxide and
six molecules of water, liberating enough energy in the process
to raise 677,000 grammes of water through a tempcrature of one
degree centigrade.

As mentioned above, this reaction probably takes place in a
number of stages, which are activated and controlled by enzymes.
Moreover, in many cases the amount of sugar consumed during
respiration is greater than the amount of carbon dioxide actually
released, thus suggesting that one function of respiration is the
production of chemical substances that are intermediate between
sugars and the final products (see p. 233).

Nevertheless, in spite of these qualifying statements, we may
for the moment regard plant respiration simply as a process
consisting of the breaking down of sugars and the release of the
energy which they contain. Some of this energy is used by the
plant during growth and .is instrumental in making shoots rise
upward against the force of gravity and in forcing roots into the
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soil against the friction of the soil particles; energy is also required
in chemical reactions which involve the building of complex
chemical substances, such as the proteins in the plant tissues.
The energy not used by the plant is dissipated as heat.

The process of plant respiration, including as it does the absorp-
tion of oxygen, the release of heat energy, and the production of

Afr—
intake

W
1‘{:'-

¢
Fic. 44- EXPERIMENT TO SHOW THAT A PLANT RESPIRES, GIVING OFF CARBON
DIOXIDE IN DARKNESS
‘IThe pot in which the plant 1s 10oted should be covered with a gas-proof matenal to
prevent interchange of gases between the soil in the pot and the surrounding air. Aur

15 drawn through the apparatus by the water-pump; the lime-water in the right-hand
tlask becomes cloudy. (See also Fig. 35.)

carbon dioxide, can be dcmonstrated experimentally. (See
experiment at p. 20 and Fig. 44 respectively.) It should be noted
that respiration in an adult plant is only apparent in this way
when the plant is in darkness; in light the rate of photosynthesis
exceeds that of respiration, and so carbon dioxide is absorbed by
the plant and oxygen is given off.

Yet respiration is constantly occurring in the plant’s cells.
In light the oxygen used is supplied by photosynthesis, while in
darkness the oxygen is taken in through the stomata in the leaves
and some carbon dioxide passes out through the same channels.

In summarizing the process of plant respiration we can there-
fore divide it into two stages: (1) tissue respiration, involving
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the breaking down of sugars in tissues, together with a release
of energy, and (2) body respiration, which we may define as
an interchange of gases between the plant and its surrounding
medium (i.e., air or water). We shall find that respiration in
animals is an essentially similar process.

3. RESPIRATION IN LOWER ANIMALS

The respiration of animals is essentially similar to that of plants,
but in most animals certain tissues are specialized to form organs
which absorb the oxygen from
the atmosphere and from
which carbon dioxide is lost to
the atmosphere. In ourselves
the lungs (Fig. 47) function
as organs of respiration.

Where respiratory organs
are present in an animal the

v S . oxygen and carbon dioxide
Traciear. Svorew or ax vwcr  are usudlly carried to  the
tissues by the blood.

Earthworms. Earthworms have no special respiratory organs,
but respire through their skins. The skin is liberally supplied
with blood-vessels, which collect the oxygen that soaks through
the skin; the ventral surface is particularly well supplied with
these. The skin must be kept moist in earthworms in order that
they may breathe. (See Fig. 3.)

Insects. A system of innumerable fine tubes supplies almost
every cell in the insect’s body with oxygen and carries away the
‘carbon dioxide. The tubes are known as tracheal tubes ; they
open to the exterior at various points on the skin through small
pores called spiracles (Plate 6). Each spiracle is provided with
hairs, which exclude dust, and with two lips which can close
the opening. The muscular activities of the insect, such as wing
movements, aid the diffusion of air along the trachesz, but in
spite of this the rate of diffusion is slow.

Fish. Respiration is effected in fish by means of gills, which
are slits connecting the pharynx with the water in which the
fish lives. As the fish moves along water in which air is dissolved
passes into the mouth, down the pharynx, and thence out through
the gill-slits. The gill-slits are lined with feathery flaps of skin,
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called the gills, which are well supplied with blood-vessels. As
water passes over the gills, therefore, dissolved oxygen from it
enters the blood of the fish, while carbon dioxide comes out.

When a fish is taken out of water it dies, since the gills become
dry and respiration cannot occur.

Amphibians, reptiles, birds, and mammals. The terres-
trial vertebrates breathe by means of lungs, which consist of
spongy sacs well supplied with blood-vessels.

Water enters
the mouth

Pharynx

\

Water leaves the gill chamber

FiG. 46. DIAGRAM TO SHOW THE MEecHANIsM OF RESPIRATION IN A Bony FisH
The anterior part of the mouth cavity is shown in vertical section, the posterior part

in horizontal section. The figures are redrawn after Dahlgren.

4. REsPIRATION IN MAN

When we breathe air passes through the nose, down the
throat, and into the chest, where it fills the two large sacs called
lungs. When we breathe out ‘air’ returns through the throat
and the nose and is expelled. Experiments have shown that the
air which we inhale is a mixture composed mainly of the gases
nitrogen and oxygen, but that the ‘air’ which we exhale has
_carbon dioxide in place of the oxygen. An interchange of oxygen
and carbon dioxide has taken place in the lungs.

Each lung is filled with a number of minute separated cavities,
the alveoli (L., alveolus, small pit), which communicate with a
tube, the bronchus (Gk., bronchos, wind-pipe). The two bronchi

H
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join to form a single tube called the trachea (L., trachia, wind-
pipe).

The lungs are contained in a cavity called the pleural cavity
(Gk., pleura, side), which is enclosed on one side by a sheet of
muscle, the diaphragm (Gk., diaphragma, midriff), and bounded
on other sides by the ribs.

A ny 0
Larynx |

h ) jun

Trachea v

Bronchiole

Q
Caplllary to

trom
Capillary pulmonary ven

Zin RGeS pulmonary artery
Fic. 47. Semi-piagrammatic ViEw oF A Human Lunc
The lung is shown cut open on the man’s left side to revcal the internal arrangement

of the bronchioles. A, the alveoly, showing their relationship to a bronchiole; B, an enlarged
view of five alveoli, showing how they are supplied by fine capillaries of the blood system,

Respiration takes place in three stages:

(1) When the diaphragm contracts and the ribs are raised by
the action of the intercostal muscles (L., inter, between; costas,
rib) the volume of the pleural cavity cnlarges. The pressure
inside the pleural cavity is therefore less than the pressure of the
atmosphcre, and air rushes into the lungs, which expand to fill
the pleural cavity, so equalizing the pressure. This process is
called inspiration.

(2) Fresh air now fills the alveoli, the walls of which are richly
supplied with fine blood-vessels. As the blood passes along these
vessels oxygen diffuses from the cavities of the alveoli into the
blood; at the same time carbon dioxide passes from the blood
into the alveoli.
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The absorptive surface of the alveoli is great. If all the air-sacs
in the Jung of a normal man could be laid out flat they would
occupy a surface of about a hundred square yards, or about the
area of the walls and ceiling of a fairly large sitting-room.

(3) The compression of the lungs by the lowering of the ribs
and the relaxation of the diaphragm forces the air out of the
lungs, and so effects the process of expiration.

Air-intake

=X Balloon

2 - g

Diaphragm E String

Fic. 48. Diacrams 10 sHow THE REraTiON OoF THE HuMAN Lune TO
THE Riss AND THE WORKING OF THE THORAX AND Luncs
In the apparatus shown on the right, tension on the string, by distending the rubber

membrane, dimmnishes the pressure of air within the bell-jar and so the balloon cxpands,
thus drawing in air through the glass tube.

5. RESPIRATION, EXERCISE, AND VENTILATION

We must remember that respiration in the lungs is only one
stage in the respiration of man, since the oxygen which so enters
the body passes in the blood to all the cells of the body, where
tissue respiration occurs. The amount of oxygen absorbed by
the lungs will therefore depend on the rate of tissue respiration,
and, conversely, the rate of tissue respiration will be affected by
the amount of oxygen absorbed by the lungs. .

The oxygen consumption of a man may be measured by means
of an apparatus so constituted that the valves allow air to
be inspired, while the expired gases are collected in an india-
rubber fabric bag. After a given time the gases in the bag can
be chemically analysed and their volume determined. The data
provided by Professor Sir A. V. Hill! illustrate the relation
between oxygen consumption and exercise.

Y Living Machinery (Bell, 1927).
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Hill tested his own oxygen consumption and found that while
standing still he consumed o-35 litres per minute; walking at
2 miles an hour raised this consumption to o-55 litres per minute;
at 3} miles per hour 1-06 litres per minute were used; walking
at 5 miles per hour required 2-25 litres a minute. It is therefore
apparent that as we move faster we breathe more rapidly, and
at the same time respire in an uneconomical way. By going
faster we save time but burn proportionately more fuel.

Oxygen consumption experiments also emphasize that our
activities are governed to some extent by the ‘freshness’ of the
air which we breathe. In a small room containing many people
the oxygen will gradually be consumed and replaced by carbon
dioxide, the tissue respiration rates of the occupants will diminish,
and they will feel tired, sleepy, and possibly get severe headaches.
Ventilation of rooms is therefore a necessity, even though it may
cause the room to become cooler.

6. Tue CarBoN CycLE

In order to summarize the important ‘aspects of respiration
we must examine the stages in the energy-changes which take
place in living things.

(1) All the energy of living things is ultimately derived from
sunlight.

(2) Sunlight enables plants to manufacture organic chemical
substances from carbon dioxide, water, and salts.

(3) Organic chemical substances therefore contain a store of
energy in the form known as potential energy (i.e., energy which
is not doing work but which is capable of doing it—such energy
as is present in a coiled watch-spring or a charged battery).

(4) The potential energy in organic chemicals may be con-
verted into kinetic energy (i.c., energy which is doing work) if
the organic €hemicals are ‘burnt’ in respiration.

It should be noted through a comparison of the equations for
respiration and photosynthesis that the element carbon makes
a circulation in nature from animals to plants and back again
to animals. The carbon dioxide breathed out by animals is
absorbed by the plant and is used in the manufacture of carbo-
hydrates. These carbon chemicals are eaten by animals and the
stores of energy present in them used, while the carbon is subse-
quently returned to the atmosphere by being breathed out in the
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form of carbon dioxide. Animals and plants are thus mutually
dependent on one another, the animals depending on the plants
for oxygen and food and the plants depending to some extent
on the animals for carbon dioxide.

The animals and plants on the earth keep the proportions of
oxygen and carbon dioxide in the air moderately constant, the
extremes being found in city air, in which the proportion of
carbon dioxide is high, and in forest air, which contains little
carbon dioxide but much oxygen.

The parks of London are sometimes called the ‘lungs’ of the
city, as the green plants in them convert the fetid air, which is
full of carbon dioxide, into clean oxygenated air.

SUMMARY

(1) Animals and plants breathe by taking in oxygen and giving
out carbon dioxide.

(2) In the body tissues the oxygen is. involved in a chemical
reaction in which sugar is transformed into simpler substances
and energy is released.

(3) The element carbon is in plants built up into carbohydrates
during photosynthesis and released as carbon dioxide when
respiration occurs. There is, therefore, a circulation of carbon
in nature.

(4) Our activities are governed by our rate of respiration.
Fresh air and good ventilation are therefore essential.

SUGGESTIONS FOR HOME STUDY

(1) Describe the process of respiration in man and explain why
it occurs.

(2) Compare respiration in a plant, an earthworm, a fish, and a man.



CHAPTER XI
TRANSPORT

I have not endeavoured from causes and probable principles to demon-
strate my propositions, but to establish them by appeals to sense and
experiment.

WiLriam HARVEY, Anatomical Disquisition (1628)

A sysTeM of tubes carries chemical substances round the bodies
of many animals and many plants. In ourselves the blood-
circulatory system transports substances round the body.

1. TRANSPORT IN PLANTS

Water and other food materials, together with the products of
photosynthesis, are conveyed from one part of a plant to another
by conducting tissues called vascular tissues (L., vasculum, small
vessel). Two types of tissue can be distinguished, and are known
as the xylem (Gk., xylon, wood) and the phloem (Gk., phloios,
smooth bark).

There is evidence that the xylem provides a channel for the
passage of water from the root to the leaves during the process
of transpiration (p. 73). If cut shoots of plants are dipped in
red ink the ink will be drawn by transpiration to the leaves and
sections cut through the stem will show that only the xylem
tissues are stained by the ink. Moreover, if a short portion of a
stem is stripped of its bark and the soft tissues (cortex and phloem)
directly beneath it will continue to transpirc as before.

The position of the xylem in relation to the other tissues is
shown by Figs. 49 and 8o. Reference to these figures also shows
that in trees the increase in girth is due mainly to an increase of
xylem tissue, which is also known as wood.

Xylem tissue is composed mainly of cells which have lost their
protoplasmic contents and whose walls have become greatly
strengthened by the addition of a chemical substance called
lignin (L., lignum, wood). Strictly, therefore, the xylem tissues
are not living tissues, since they are little more than tubes the
walls of which are composed mainly of lignin.

Phloem tissues are believed to conduct sugars and other soluble
organic materials from one part of the plant to another. Thus,

118
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when sugar is manufactured in the leaves of a potato it is probably
carried through the phloem to the underground tubers, where it
is stored as starch. The phloem cells, unlike xylem tissues, contain
living protoplasm; they are separated from one another by
perforated plates called sieve-plates, through which protoplasm
can pass. The main phloem cells are called sieve-tubes. Associ-

Sieve plate

Vascular
bundl/e

T1c. 49. Conpucring Tissurs IN PLANTS

4, the internal arrangement of the primary vascular svstem in a small portion of the

stem of Solanumn tuberosum, the potato; B, a cross-section of a similar stem, in which Xylem

tissues aic stipple-shaded and the Phloem tissues black; C, a single Xylem vessel, opened

to show one method of strengthening by the thickening of the walls with rings of lignin;

D, a vertical section through a few Phloem cclls. Figure 4 is redrawn after Artschwager.
ated with them we find narrow, unspecialized cells called
companion cells.

The tissues of xylem and phloecm are generally placed near
to each other in plants and togcther form vascular bundles in
the root, stem, and leaves. In thec leaves the vascular tissues

become finely divided and branch, so forming the ‘veins.’

2. THE STRUCTURE AND ORIGIN OF BLooD

Blood is a fluid which bathes the tissues of animals’ bodies;
it is constantly circulating and so transports materials from one



120 MAN AND OTHER LIVING THINGS

part of the body to another. In some animals it is almost colour-
less, in others it is pale blue or red.

If a drop of human blood is placed on a glass slide and examined
with a microscope it is seen to consist of a pale yellow fluid in
which a number of cells float; this fluid portion is called the
plasma, and the cells, of which there are several varieties, are
called corpuscles. The various constituents of blood possess
different functions.

Fic. 50. Five REp CorpruscLEs AND ONE WHITE CORPUSCLE FROM
Human Broop

The plasma carries dissolved food materials, excretory products
chemical regulators, and other materials. The corpuscles are of
two main types, red and white. The former transport oxygen
from the lungs to the rest of the body; the latter are mainly
concerned with protective functions.

The figures below give some idea of the amounts and propor-
tions of the constituents of blood in a human body:

In a human body there is
about nine pints of blood.

Each cubic millimetre contains about five million red
corpuscles and about seven thousand white corpuscles.

Each red corpuscle is on the average 7-8u in diameter;
the white corpuscles are 10-12u, sometimes more.

Red Corpuscles (Plate §). These cells are formed principally in
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the red marrow of bones. In blood-forming tissues the red cor-
puscles are nucleated, and they preserve their nuclei in the blood
of frogs and other lower vertebrates; but in mammals they lose
them and are set free in the blood as flattened, round, biconcave
disks (oval in camels). Their red colour is due to the respiratory
pigment, haemoglobin.

White Corpuscles (Plate 7). Several types of white corpuscle
called leucocytes (Gk., leukos, white; kytos, hollow) are normally
present in blood. They are all nucleated cells, irregular in
shape, which are capable of independent movement and the
ingestion of harmful matter in the blood. They are formed
principally in the spleen and the liver; when the body is attacked
by disease-producing organisms they are formed in abnormally
great umbers. They are probably all concerned to some extent
with the protection of the body against bacteria (p. 215) or the
absorption of poisonous substances.

3. THE CIrcUuLATION OF BLooD

Much of the anatomy of the blood-circulatory system had
been discovered by early workers, who realized that the contained
blood was in constant motion, though they differed in respect
of the direction of this flow. Most observers were, however,
influenced by the ideas of the Greek Galen (A.p. 130-200), who
had held that the blood in vessels ebbs and flows towards and
from the centre of the body.

By the sixteenth century we find a Spaniard, Miguel Serveto,
or Servetus (1511-53), reaching out towards the idea of blood
moving in a circular manner. Unfortunately, Servetus held
strong religious views, and owing to differences of opinion
between Calvin and himself, he was burnt at the stake before
he had time to complete his researches. It was not till some
seventy years later that an Englishman, William Harvey, demon-
strated that the blood follows a closed circulation round the
body.

V\)I'illiam Harvey (1578-1657) (Plate 30). Towards the end of
the sixteenth century William Harvey travelled as a young English
student to Padua, Italy, to study under the direction of the great
Italian anatomist Fabricius. A few years after his return Harvey
was elected to a Fellowship of the Royal College of Physicians,
and he later became Physician to King James I.
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In 1628 Harvey published the results of his researches into the
blood of animals. He referred to his examination of the heart and
circulatory system in nearly forty different species of animals,
and put forward his discovery that blood must continuously flow
round the body in one direction only. Such an idea conflicted
with the views of his teacher Fabricius, and with most contem-
porary workers, who followed the classical views of Galen.

Fi1c. 51. THE VALVEs IN VEINS
The upper figure, redrawn after Harvey, shows that the valves in the arm veins swell as

the flow of blood is checked by a tight bandage between the veins and the heart. “The lower
diagram shows the arrangement of the ‘watch-pocket’ valves in veins.

Harvey reasoned that as onc ventricle in the heart of a man
holds two ounces of blood, and as that ventricle beats approxi-
mately seventy-two times a minute, at least 540 pounds of blood
—i.e., three times the weight of a heavy man—must pass through
the heart every hour. Where could all this blood come from or
go to unless there was a continuous and rapid circulation of
blood round the body and through the heart? The ebb and flow
theory was inadequate to explain this phenomenon.

Harvey was able to show that blood flows along the veins
towards the heart and to demonstrate the significance of the
valves in veins, which had been discovered, though wrongly
interpreted, by his teacher Fabricius. The only important fact
not noticed by Harvey was the existence of the blood capillaries
which connect arteries and veins. Harvey’s theory demanded
the existence of such capillaries, but the inadequate methods
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available in his age could not show their presence. They were
not studied until the discovery of the microscope, when Malpighi
(1628-94) noted the fine capillary vessels in the lung of a frog;
van Leeuwenhoek (1632-1723) extended this work by observing
the circulation of blood in the tails of tadpoles, through the thin
capillary vessels which connect arteries and veins (pp. 205, 206).

4. THE Funcrions oF BrLoop

Blood circulating constantly round the body subserves several
functions:

(i) The Transport of Oxygen. The transport of the respiratory
gases, oxygen and carbon dioxide, is an important function of a
circulatory system. Hzemoglobin is a respiratory pigment
which has the power of combining with these gases. Thus,
100 millilitres of our blood will take up 19-0 millilitres of oxygen,
while 100 millilitres of sea-water would absorb only o-7 millilitres
of oxygen.

The earthworm also possesses hamoglobin, but some animals
have other respiratory pigments. Snails, lobsters, and some other
types have hamocyanin, a pale blue fluid. Hamoglobin and
hamocyanin are both proteins, combined with traces of iron
and copper respectively. We therefore need small amounts of
iron in our food. There is less than 1, oz. of iron in the body, yet
a shortage of iron is fairly common and results in the disease
called anaxmia.

(ii) The Transport of Food. Food which has been digested is
absorbed by the blood and then carried to such cells as may
require it. The chemicals are carried in a dissolved form in the
blood plasma.

(iii) The Transport of Waste Materials. Many chemical sub-
stances, which are formed as the result of breaking-down (kata-
bolic) changes in cells, are of no further use to the body and are
therefore carried in the blood plasma to those points whence they
can be cxcreted.

(iv) The Transport of Chemical Regulators. Much of the control
of bodily functions is performed by certain chemicals called
‘hormones,” which are carried in the blood plasma.

(iv) Protection against Disease. The white corpuscles can engulf
bacteria and other harmful organisms; the blood plasma can
carry chemicals which will neutralize or destroy bacteria,
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(vi) The Maintenance of an Even Temperature. The blood con-
veys heat from any overheated part of the body to cooler parts,
and thus maintains all parts of the body at a uniform temperature.

5. THE CIRCULATORY SYSTEM AND THE HEART

The arrangement of the blood-vessels in animals depends
largely on their method of respiration. In man respiration is
effected by means of lungs and the circulatory system is so
arranged that all the blood in the body passes through the
capillaries in the lungs during its circulation.

In man veins bring blood from the various tissues in the body
and join to form two large veins which enter the heart. One of
these main veins, the superior vena cava, collects blood from
the head region and arms; the other, the inferior vena cava,
collects blood from the legs, kidneys, liver, and abdomen.

The blood gathered by the veins is passed on to the lungs by
the pumping motion of the heart. The mammalian heart is a
muscular organ containing four chambers through which the
blood passes. Blood enters thin-walled chambers of the heart
called auricles (L., auricula, little ear) which pass the blood on
to thick-walled muscular ventricles (L., venter, belly). The
whole organ expands and contracts rhythmically about seventy
times each minute, thus maintaining a constant flow of blood
round the body.

Blood from the venz cava enters the right auricle of the heart
and from there passes through a valve into the right ventricle;
a valve between these chambers permits the flow of blood in one
direction only.

From the right ventricle the blood is pumped along the pul-
monary artery (L., pulmo, lung) into the lungs and is then
returned to the heart along the pulmonary vein, which enters
the heart at the left auricle. The left auricle passes the blood
through a valve into the left ventricle, which pumps the blood
back to the various organs of the body. The main artery which
leaves the heart is called the aorta ; this main vessel later divides
into a large number of smaller arteries.

Every tissue in the body is supplied by a branch of an artery,
which carries oxygen-bearing blood to it, and also by a branch
of a vein, which carries blood containing carbon dioxide away
from the tissues and back to the lungs, where it may be reoxy-
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Fic. 52. THE Broop SysTeEM oF MAN

The positions of the heart and the main arteries and veins are shown, and the circular
black spots on the arteties denote the position of the mamn ‘pressure-pomnts,” The smaller
diagram shows the course of the blood round the body.
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genated. Usually, therefore, veins carry blood containing carbon
dioxide, while arteries usually bear oxygenated blood. It is
better, however, to define veins as vessels bearing blood to the
heart and arteries as vessels bearing blood from the heart,
because the pulmonary artery carries ‘venous’ blood and the
pulmonary vein bears ‘arterial’ blood.

When blood reaches the capillaries some of the fluid plasma
called lymph (Gk., lympha, water) soaks through the capillary
wall and actually bathes the cells of the body, carrying to them

Ventricles ] Thick wall
of ventricle

(a) (®) (@

F1c. 53. CIRCULATION ofF BrLoon THROUGH THE HEART

(a) A sheep’sheart; (b) shecp’s heart cut open to show arrangement of auricles, ventricles,
and valves, the black shading representing the thick walls of the ventricles; (¢) diagram
showing the direction of blood-flow through the heart and the lungs.

food and oxygen. Lymph is collected later by fine vessels called
lymphatic vessels, which carry the lymph back to the main
circulatory system.

Blood-pressure. The average pressure of the blood in
arteries and veins remains fairly constant in healthy animals,
but local changes in the walls of the blood-vessels occur under
certain conditions and cause local variations in blood-pressure.
For example, after heavy muscular effort the blood-vessels
supplying the muscles dilate and allow more blood to penetrate
the muscles and carry away the waste products of respiration. The
blood capillaries in the skin also dilate to permit increased heat-
loss. Consequently our skin flushes after exertion.
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After a heavy meal the blood-vessels of the digestive organs
dilate and allow an increased flow of blood to the stomach and
intestines.

A hot bath results in a dilation of the blood-vessels of the skin,
which causes much blood to be withdrawn from the internal
organs to the periphery of the body. It is clear, therefore, that
exercise or hot baths, which withdraw blood from the digestive
system, should not be taken too soon after a heavy meal, or too
heavy a strain will be laid on the circulation.

The control of blood-pressurc is exercised by the nervous
system, which regulates the size of arteries. Violent emotion is
generally accompanied by an increased tension of the arterial
walls and a rise in blood-pressure. The blood-vessels of our faces
are particularly sensitive to emotional change, and so we pale
with fear or blush with embarrassment as the blood-vessels
contract or dilate.

6. Wounps AND Loss or Broop

Clotting and Wounds. When blood is exposed to the air
it undergocs a series of chemical changes by which it clots and
becomes solid. This clotting of blood is of the utmost importance
in case of injury, for in this way a protective covering is formed at
the wound and any further loss of blood is prevented.

When the wound is severe the pressure of the blood circulation
forces blood through the wound before it can clot. First-aid in
the case of injury attempts to arrest the flow of blood so that
clotting can occur. In the case of cut veins a pad on the wound
and a tight bandage on top will generally stop the flow of blood,
but in the case of cut arteries other methods may be necessary.
Arterial bleeding can be easily recognized by the very great flow
of blood, which escapes in strong spurts. When arterial bleeding
is severe an attempt should be made to compress the artery
between the wound and the heart. It is therefore important to
lcarn the so-called pressure-points where this can be done to
check the flow of blood for a short time.

Normally arteries lie deeply seated and well protected by
muscles and other tissues, but at some points the arteries pass
fairly close to the surface and lie close to a bone, against which
they can be compressed. For instance, the brachial artery,
which supplies the arm and hand with blood, passes near the
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humerus bone, especially at a point about half way down the
upper part of the arm, as shown in Fig. 52. Pressure on this
point will stop the flow of blood to the hand, as may be shown by
the disappearance of the ‘pulse’ in the wrist, which is another
pressure-point.

Blood Transfusion. Considerable loss of blood can cause
death. In order to overcome this doctors have devised methods
whereby some of the blood of healthy individuals can be trans-
fused into the blood-system of the wounded patient.

This process is complicated by the fact that the blood of
different individuals will not always mix safely. In many cases
the red corpuscles contain different chemical compounds, which we
may call A and B. There are thus four possibilities in the human
species: the individual may have neither substance (group O),
A or B substances, or both (group AB). The blood serum becomes
adjusted to the presence of A or B substance in the blood, but
if the blood of the patient contains a substance which is absent
from the donor’s blood, chemical reactions will occur which will
be disastrous for the patient. Group AB can therefore receive
blood from any individual, blood from A or B groups can only
be transfused into individuals who possess A and B substances
in their blood, while group O can give blood to all the three
other groups of individuals, but receive blood from group O
only.

SUMMARY

(1) In plants the transport of materials occurs in tubular cells,
which are grouped together to form vascular bundles. This
movement of materials occurs without the agency of any pumping
organ.

(2) The tissues of most animals are bathed by the fluid called
blood. This is contained in vessels which permit a circulation of
blood round the body. The circulation is initiated and main-
tained by the action of the heart. .

(3) Blood transports food, excretory products, oxygen, carbon
dioxide, and chemical regulators, and protects the body against
disease.

(4) Damage to blood-vessels is repaired by blood-clotting.
In cases of serious injury severe loss of blood can be prevented by
pressure and bandages.
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SUGGESTIONS FOR HOME STUDY

(1) Why must blood circulate if it is to perform its functions
adequately? Write an account of the discovery of blood circulation.

(2) Through what structures do materials move in plants (a) from
the soil to the leaves, (b) from the leaves of a potato plant to the
tubers?



CHAPTER XII
MOVEMENT AND SUPPORT

Children, you are very little,

And your bones are very brittle;

If you would grow great and stately,
You must try to walk sedately.

R. L. STEVENSON, A4 Child’s Garden of Verses,
“Good and Bad Children”

THE bodies of most animals and plants keep a rigid shape because
they are supported by a framework of hard material, which forms
the skeleton (Gk., skeletos, hard). Movement in most animals

is effected by muscles, which are attached to the separate parts
of the skeleton.

1. MuscLES AND MOVEMENT

When you bend your arm you may notice that certain parts of
the flesh harden. These are the muscles, which have become
shorter, thicker, and more compressed as the arm is bent.
This shortening of the muscles is the cause and not the result of
the bending of the arm, since by their shortening the muscles
have pulled the bones to which they are attached.

The human arm is raised or lowered by the action of two
sets of muscles known as the biceps (L., bis, twice; caput, head)
and the triceps (L., tres, three). If the biceps should shorten
the triceps will lengthen, and the forearm will be raised. Con-
traction of the triceps and expansion of the biceps will lower
the forearm.

It was not until the seventeenth century that muscles were
known to exert their effects by an alteration in shape, not by a
change in bulk, as had previously been believed. A worker
called Swammerdam (p. 205) set up the apparatus shown in
Fig. 54 and stimulated the nerve by a coil of wire; the muscle
contracted, but the level of fluid in the tube did not alter.

Nerves control the activity of most muscles. The energy
needed for the action of muscles is derived from the respiration
of a chemical compound called glycogen (Gk., glykys, sweet) in
the muscle cells.

The muscles of the body are either attached to bones, which
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they move by acting as levers, or they arc attached to other
muscles. Muscles of the abdomen belong to this second type.

2. THE SKELETON

The human skeleton is built of more than two hundred separate
bones, most of which move freely and are hinged on each other
at joints.
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F1c. 54. THE ActioNn oF MuscLEs

‘The left-hand figure shows the attachment of the biceps and triceps muscles of a left arm.

‘I'he right-hand figure shows a modified version of Swammerd4m’s experiment indicating

that contraction of a muscle is not accon}l))l)anied ;)y any change in volume. (See also
ate 19.

The backbone, or spine, forms the foundation of our skeleton.
It is formed of thirty-three bones called vertebrae (L., vertebra,
joint), of which the lowest nine are fused together. The other
vertebra vary in shape according to the functions which they
perform. Those in the abdominal region (lumbar vertebrz)
have large transverse processes which protect the delicate in-
ternal organs and provide attachment for the back muscles.
The thoracic vertebrz in the chest region have projections for
rib attachments also, while the first two cervical (L., cervix,
neck), or neck, vertebra are so constructed that they allow the
head to turn or nod.
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Nodding of the head is effected by the skull rocking on the
first or atlas (L., Atlas, a Titan) vertebra; the head turns by
twisting the skull and atlas vertebra on the second, or axis (L,
axis, axle), vertebra. This latter has a long peg which passes
forward through a hole in the atlas.

The skull is constructed of many bones, which dovetail together
to form a case which encloses the brain. The rest of the central
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F1c. 56. Seconp LuMBAR VERTEBRA OF A RABBIT

nervous system, the spinal cord, lies in the backbone along a tube
which passes through the vertebre.

The skull and backbone together form the axial skeleton,
which is fairly rigid. The limbs and limb-girdles, which are
concerned with active movement, form the appendicular (L.,
ad, to; pendere, to hang), or hanging, skelcton, so called because of
its flexibility. .

The fore-limb, or arm, of man consists of three main bones, the
humerus (L., humerus, shoulder), radius (L., radius, ray), and
ulna (L., ulna, elbow). These last two bones cross over one
another as the hand is turned. The bones of the wrist are called
carpals (L., carpus, wrist); those of the hand are named
metacarpals and digits.

The hind-limb, or leg, is constructed on a very similar plan.
One main bone, the femur (L., femur, thigh), is hinged to the
hip-girdle. A pair of bones, the tibia (L., tibia, flute) and
fibula (L., fibula, buckle), articulate (L., articulus, joint) with
the femur at one end and the ankle bones, the tarsals (Gk.,
tarsos, sole), at the other. The feet, like the hands, are built of
many bones, which are called metatarsals and phalanges.
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Fic. 55. SuperFiciaL MuscrLes IN THE Bopy oF A Man

‘The smaller figures show the differences between the muscle attachments of an invertebrate
and a vertebrate limb. The upper and lower figures at the right are redrawn after
Hogben and Thompson respectively.
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Our arms swing from a shoulder, or pectoral girdle, which is
built of two collar-bones, or clavicles (L., clavis, key), and two
shoulder-blades, or scapulas. Our legs articulate with a hip-
girdle, or pelvic girdle, which is built of six bones firmly fused to
each other and to the backbone.

4em.

4 ]

Scale
Fie. 57. HumaN SKULL VIEWED FROM THE LEFT SIDE

Ribs, which enclose the pleural cavity, are hinged on behind to
vertebre. The upper ten ribs on either side are attached in
front to a stermum, or breastbonc. Thc remaining two pairs
of ribs are unattached in front and are therefore known as the
floating ribs. Contrary to popular belief, men and women have
the same number of ribs.

3. Joints, CARTILAGE, AND BONE

If you look at the way in which bones are hinged together you
will see that the limb-bones articulate by means of a ‘ball-socket’



Clavicle

Fic. 58. SKELETON OF A MAN

On the right are shown enlarged views of the bones in the hand and the foot.
See also Plates 7 and 8.
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type of joint. The end of one bone is rounded and fits into a
socket at the end of another bone, which enables it to move
freely.

The bones are held in position at a joint by ligaments (L.,
ligamentum, bandage), or temdoms, which form tough, fibrous
connexions. Muscles arc also attached to bones by means of
similar tendons. Meat is composed of muscle, while the tough,
stringy sinews represent tendons.

Synovial
fluid

Fic. 59. Hip-JoINT, SHOWING THE TENDONS AND THE BALL-AND-SOCKET
TYPE OF ARTICULATION

In the right-hand figure the tendons have been removed and a portion of the hip-girdle
has been cut away.

Where two bones meet at a joint their rubbing surfaces are
covered by a thin layer of cartilage, or gristle, a smooth, slimy
clastic substance, which lessens friction at the joints and acts as
a shock-absorber to prevent the more brittle bones from hitting
each other and breaking. As the cartilage wears away it becomes
the synovial fluid, which is contained in bags of connective
tissue and serves to lubricate the joints.

Bone is composed of living cells which deposit two substances
called collagen (Gk., kolla, glue; genos, offspring) and calcium
phosphate in concentric layers round blood-vessels. Limb-
bones are hollow and contain a fatty material called marrow in
the centre.

The softer parts of bone are generally strengthened by a fine
lattice-work of bony structures called trabecula. The dis-
position of these structures provides a very striking illustratian
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Fic. 60. DiaGrRAM OF SOME OF THE STREss-LINEs IN THE HuMAN HEeL
This figure, redrawn and modified from Meyer, should be compared with Plate 8.

Cartilage
C x/00 )

Fic. 61. MINUTE ANATOMY OF BONE AND CARTILAGE COMPARED

‘T'he portion of bone illustrated is a transverse section through a small sector of an arm
or leg bone. The approximate scale of magnification is shown on the figure.
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of the close relationship between structure and function in living
things; indeed, one may be said to determine the other. The
trabecule take up positions along the lines of stress and strain
to which the bone is subjected (see and compare Fig. 60 and
Plate 8).

Cartilage is built up mainly from the substance collagen,! and
as this is more pliable than calcium phosphate, cartilage forms
suitable pads between bones. Our skeletons contain less collagen
as we grow old, and consequently the bones become brittle and
easily broken, while we appear to shrink in length, since the pads
of cartilage between the vertebrae disappear.

The growth in length of long bones—e.g., those of the limbs,
hands, and feet—involves the multiplication of bone and carti-
lage. Each long bone consists of a bony shaft, the diaphysis
capped at either end by bony caps called epiphyses. A small
pad of cartilage separates each epiphysis from its diaphysis. As
growth proceeds the end of the diaphysis forms bony material
which encroaches on the epiphysial cartilage; this in turn multi-
plies at a corresponding rate, and so the bone is lengthened.
Growth takes place mainly at one end of each bone.and slackens
as maturity is rcached. In time the pads of cartilage between
diaphyses and epiphyses become converted to bone, and the
elongation of the bone is complete.

If you burn a bone the collagen is transformed into other sub-
stances, and the bone will become very brittle. Conversely, if
you place a bone in hydrochloric acid the calcium phosphate
dissolves, leaving the bone soft and pliable.

4. TYPES OF SKELETONS

Among the lower animals we find a variety of skeletons.
Some, like the ‘shells of mussels, snails, and other molluscs,
protect the animal but impede its movement; others, like the
skeletons of some sponges, form a rigid internal framework for
the body. Among invertebrates it is only the insects, spiders,
crustaceans, and other arthropods that possess a freely jointed
skeleton which serves for movement, protection, and support.

When we compare the skeleton of an arthropod, say a house-
fly, with that of a vertebrate one difference is clear. The arthro-

1 Collagen, if it should be boiled in water for some time, will become converted
to gelatin.
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pod’s skeleton is external, not internal, and the muscles are
attached to the inner surfaces of the skeleton. The latter consists
of a number of separate plates of a substance called chitin.

Such an arrangement has both an advantage and a disad-
vantage, in that it protects the body most effectively, but it
restricts growth. For the exoskeleton, or outer skeleton, of the
arthropod is not elastic and must be shed at intervals, growth
proceeding between successive moults each of which is known as
an ecdysis. If you keep water-fleas or shrimps, for example, in
an aquarium you will find their cast-off skeletons from time to
time. During the short periods that it is without a skeleton an
arthropod moves with difficulty and is very vulnerable.

The vertebrates have endoskeletons, or inner skeletons,
formed of bone and cartilage. There is a surprising uniformity
of type among these skeletons of vertebrates. The skulls, back-
bones, limbs, and limb-girdles are all built on the same funda-
mental plan. If you examine the skulls of a dog and a man you
will see that they are built of the same number of bones, which
are similar, except in their sizes and proportions. Vertebre also
show great similarities in the various types, but there is a certain
degree of diversity among the limbs and limb-girdles.

Fins for swimming, wings for flying, and limbs for running are
modified according to the purpose they serve, yet in spite of this
specialization there is an underlying unity of plan (Fig. 139).
We may construct a ‘ground-plan’ of the vertebrate limb, and
if it be compared with the variety of forms it may assume we find
that our basic plan is present in all types, though in some it has
become reduced, while in others it is supplemented by the
addition of extra bones.

5. SUPPORT IN PLANTS

Young leaves and young stems owe their rigidity to the
phenomenon of osmosis, whereby water is taken into the cells.
In this way the latter become distended as they are filled with
protoplasm, cell-sap, and water, and so they remain fairly rigid.

When water evaporates from the surface of a young plant more
rapidly than it can be taken in the cells lose their state of turgor
and the plant droops or wilts. Young transplanted seedlings will
wilt if they are exposed to bright sunshine before their roots have
recovered from the damage due to transplanting.
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Most of the larger herbs, shrubs, and trees are rigid because
they contain internal skeletons formed by the thickening of

certain cell-walls, especially those of the water-conducting
system.

SUMMARY

(1) Many animals are built on a solid framework, the skeleton,
which protects the delicate internal organs and assists in
movement. .

(2) The skeletons of invertebrates are generally external;
those of vertebrates are internal.

(3) Skeletons of vertebrates are formed of many bones and
pads of cartilage.

(4) Muscles attached to bones move them, like levers.

(5) The skeletons of vertebrates are built on a common plan,
modified in the different types.

(6) Plants remain erect because of thickening of the walls of
certain cells or the turgor of the contents of the cell.

SUGGESTIONS FOR HOME STUDY

(1) Compare the skeletons of a man, an insect, and a plant.
(2) Explain the structure and action of a hip-joint.



CHAPTER XIII
EXCRETION: THE REMOVAL OF WASTE

But neither pills nor laxatives I like,
They only serve to make the well-man sick.

. DrYDEN, The Cock and the Fox

THE food materials which animals eat are transformed in the
body by means of chemical reactions. During these and other
transformations of material in the body a certain amount of
wastage ensues, and the waste chemical substances are removed
by a process called excretion (L., ex, out; cernere, to sift).

1. UnwaNTED Foop: THE REmovaL oF F zcEs

A proportion of the food which animals eat is not absorbed by
the body; conscquently this waste material, having passed
through the digestive system without change, leaves the body
through the anus.

Waste materials collect in the rectum (L., rectus, straight),
or bowels, where, if they are allowed to accumulate, they may
give rise to chemical substances which act as mild poisons on the
body. The importance of emptying the bowels at frequent
(daily or more often) intervals is therefore clear.

The materials which pass from the bowels through the anus
to the exterior are collectively known as the faeces (L., feces,
dregs). It is important to realize that this excreted matcrial has
never formed part of the body but represents only the indigestible
substances in the food.

Many of the diets consumed by civilized people, together with
their mode of life, lead sometimes to a temporary condition
called comstipation, which occurs if the bowels are not emptied
every day. The mild self-poisoning so induced may lead to tired-
ness and depression; prolonged constipation may even become
dangerous.

Chemical substances called laxatives are sold for the relief
of constipation, but their regular use is not wise. Exercise, a
healthy diet, and, above all, regular habits in emptying the
bowels, are greatly to be preferred.

141



142 MAN AND OTHER LIVING THINGS

2. Tue KIDNEYS

A great deal of waste material is formed in the animal body as
a result of respiration and of the other chemical reactions which
together constitute metabolism.

To take a particular instance, movement by means of muscular
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Fic. 62. DiAGRAM OF A SECTION THROUGH THE CAPSULE AT THE END OF
A SINGLE URINIFEROUs TUBULE

activity is brought about by the respiration of glycogen and other
carbohydrates in the muscles, with a consequent release of
energy for movement. Much of an animal’s food consists of
protein material, and it therefore follows that a certain amount
of waste nitrogen material must be left after the conversion of
proteins to carbohydrates. This waste nitrogen collects as
relatively simple nitrogen compounds, such as urea (CO(NH,),),
and is later excreted in a fluid, the urine, which contains other
salts in addition to urea. Waste matter that is rich in nitrogen
is called ‘nitrogenous waste.’
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The task of collecting urine is performed in vertebrates by a
pair of organs called kidmeys. The renal (L., ren, kidney)
arteries bring blood to the kidneys, the artery dividing there
into a large number of small capillaries. Each capillary splits
up into a network of fine vessels, which is contained in a capsule
(see Fig. 62). The walls of this capsule are thin, and the waste
chemical substances can soak through the capsule walls into a
collecting tubule, the uriniferous tubule. Each kidney contains
thousands of such capsules and tubules. All the uriniferous
tubules meet and form a single ureter from each kidney. '

The ureters pass the urine into a sac, the bladder, in which
the urine is stored. Itis then excreted periodically to the exterior.
In cold weather the volume of urine is great, but in hot weather
much of the excess water and some of the nitrogenous waste is
removed by sweat.

3. SWEAT

Excretion in mammals also occurs by the activity of sweat-
glands. These glands are situated in the skin and open by small
pores on its surface. Each gland is well supplied by blood-vessels.
Sweat glands normally excrete sweat constantly, the sweat
evaporating from the surface of the skin.

Sweat is mainly water, but it does also contain about 2 per
cent. of nitrogenous waste matter, which is thereby removed
from the body.

Sweat also contains a fairly large amount of common salt, and
excessive sweating removes too much of this compound from the
body. Miners and stokers, who take violent exercise in a hot
atmosphere, used to suffer from a mysterious cramp, which was
subsequently found to be caused by the drain of salt from their
bodies in their sweat. The remedy is very simple. Such workers
to-day drink water and eat salt.

Evaporation lowers the temperature, and so the evapora-
tion of sweat helps to regulate our temperature; consequently,
the sweat-glands are especially active during periods of great
exercise.

Many fur-bearing animals have no sweat-glands, and must
therefore cool themselves by evaporation from the surface of the
lungs, mouth, and tongue. A dog has only a few sweat-glands,
which are on the soles of his feet, so when a dog is hot his tongue
hangs out and he pants furiously.
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Evaporation from a surface is directly influenced by the
moisture in the atmosphere; a dry atmosphere will encourage
evaporation, while a moist one will not. A temperature of
100° F. in the shade is therefore extremely oppressive in England,
where the air is never dry, but in Australia, where the air is dry,
the same temperaturc would not prevent violent exercise.

Heat regulation is performed by birds and mammals, which
maintain their bodies at even temperatures. The feathers and
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Frc. 63. SECTION THROUGH HUMAN SKIN

hair prevent heat-loss in cold weather, while cooling by evapora-
tion prevents over-heating in hot weather. Evaporation takes
place from the inner surface of the lungs and large air-sacs in
birds, which have no sweat-glands. Lower animals cannot
control their body-temperature, which varies with the tempera-
tures of their surroundings, and are therefore hampered in their
activities by very high or very low temperatures.

SUMMARY

(1) Undigested food matter is removed through the anus in
the form of feces.

(2) Many digested foodstuffs undergo great changes in the
body. The conversion of chemicals in the body liberates con-
siderable amounts of waste materials, in particular the element
nitrogen, in the form of nitrogenous compounds.
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(3) The kidneys and sweat-glands remove nitrogenous waste
from the body.
(4) Sweat also cools the body by evaporating from the skin.

SUGGESTIONS FOR HOME STUDY

(1) Compare the lungs, kidneys, and skin as organs of excretion.
+ (2) How does (a) exercise, (b) hot or cold weather, (¢) the moisture
in the atmosphere, affect excretion?



CHAPTER XIV
THE NERVOUS SYSTEM

Thought, he is inclined to hold, is still secreted by the brain.
T. CARLYLE, “Signs of the Times” in Critical and Miscellaneous Essays

WHEN we move away from a fire because it is too warm a number
of organs in our body are involved. First the stimulus of heat is
received by heat-receptors in our skin. Receptors are cells,
or groups of cells, which are sensitive to a particular stimulus;
ears, eyes, touch-receptors in the skin, taste-buds in the tongue,
all receive impulses from the outside world.

The ‘ message ’ received by the heat-receptor is transmitted
by nerves to muscles, which allow us to move. The muscle is
called an effector, and the rdle of the nervous system is to
connect receptors to effectors, so that animals can respond to
events in the outside world.

1. THE NERVE-MUSCLE PREPARATION

The contraction of a muscle is generally controlled by a nerve,
and its contraction is a responsc to some impulse transmitted by
the nerve to the muscle. An experiment known as a nerve-
muscle preparation can be used to show the action of a nerve
on a muscle. In this experiment the nerve leading to a muscle is
stimulated by electrical means, and the subsequent contraction
of the muscle is recorded.

For a simple demonstration it is convenient to use the gas-
trocnemius, or ‘calf’ muscle, of the frog’s leg, together with the
sciatic nerve which supplied it. The muscle which is attached
to a small piece of the femur is removed, as soon as possible after
death, from a frog which has been killed by a cut through the
backbone in the neck region. The accompanying figure shows
the arrangement of a simple nerve-muscle preparation.

As an electric current passes between the electrodes 4 and B
(Fig. 64) a nerve impulse is set up which stimulates the muscle
to contract, so moving the lever and recording the movement on
the drum. It is therefore clear that the stimulation of a nerve
affects the activity of that muscle which it supplies.
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By using more complicated modifications of this experiment,
physiologists have learnt many facts about the nature of the
nerve impulse. For instance, one can stimulate the nerve at
several points and, by observing the different lapses of time
between stimulation and response, calculate the speed of the
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F16. 64. MUSCLE-NERVE PREPARATION

A muscle, freshly removed from a “pithed’ frog, is mounted in such a way that it may be
stimulated to contract. Since it is attached to a lever, made from a wooden spill, its
contraction is recorded on the moving smoked drum.

nerve impulse. In man this speed is about two hundred miles
per hour, while in the frog it is little more than sixty miles per
hour.

Experiments have shown that, although an electric current
will set up a nerve impulse, the impulse which travels along a
nerve is, in fact, predominantly a chemical one. Nerves do not,
like metal wires, possess the passive roles of conductors, but
themselves set up electric potentials when they are stimulated.
There is therefore no constant fall in potential along a nerve as
there is when an electric current passes along a wire, but rather
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a succession of waves, or impulses, of chemical reactions, and
therefore of electric potentials.

2. THE ANATOMY OF NERVES

A cross-section through a single nerve shows it to consist of a
bundle of fibres, which are insulated from one another and are
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Fig. 65. CeNTRAL NERvOUs SysTEMs OF AN EARTHWORM, A House-FLy,
AND A Docrisn -

In each case the nervous system is viewed from above. ‘The systems of the fly and the

earthworm have been enlarged for ease in comparison, and in that of the dogfish the spinal

cord and nerves of the hinder part of the body have been omitted. Note the greater
concentration of nervous tissue to form the brains of the higher types.

packed together in a manner not unlike the many separate wires
of an Atlantic telephone cable. A single fibre is called a neurone
(Gk., neuron, nerve), or nerve-cell (see Fig. 19); a nerve is a
composite structure, often containing neurones which control
separate activities. )

A typical neurone has the form of a long fibre, terminating at
one end in a branching, nucleated mass of protoplasm, the
cell-body, and at the other end in thin branches of protoplasm,
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the dendrites (Gk., dendron, tree). Each fibre, or axon (Gk.,
axon, axis), is surrounded by a thin insulating sheath, and often
by a thicker sheath also, which is composed of fat and other
materials. In man a neurone may be as much as a yard in length,
yet less than one-hundredth of a millimetre in thickness.

In the simpler animals, as, for instance, the sea-anemones,
many interlocking neurones form a nerve-net, by which the
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F16. 66. BRAIN OF A FROG VIEWED FROM ABOVE AND FROM THE RiIGHT SiDE

The Roman numerals denote the points at which various cranial (head) nerves leave the
brain. This figure is drawn from a specimen and is magnified five times.

various responses of the body are co-ordinated. In the higher
forms many of the nerve-cells are concentrated to form a central
nervous system, which in man consists of the brain and the
spinal cord. The remaining nerves then form what is known
as the peripheral nervous system.

The concentration of nervous tissue to form a brain allows
more elaborate behaviour to occur. The earthworm is capable
only of simple responses. The fly, together with other arthropods,
is able to respond to more complex situations. Vertebrates
possess the ability to learn to a much greater degree than do
invertebrates. A glance at Figs. 65, 66, and 68 will show you
that the brain becomes proportionately more developed as we
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pass from lower to higher animals. The earthworm has no true
brain, but merely a series of tiny local ‘brains’ in each segment
of its body. The house-fly has a brain in its head and another
‘brain’ in its thorax to control the movements of its wings and
legs.

3. THe REFLEX Arc

The nervous system serves to control the responses of an
animal to its surroundings, and so to enable the animal to adjust
itself to favourable or unfavourable events. Sometimes a simple
stimulus may evoke a complicated series of responses, as when,
for example, the noise of a school bell will cause a boy to leave his
breakfast, seize his books, and run to school. Before we can con-
sider the relation of the nervous system to such complex behaviour
we must consider the simplest form of response to a stimulus.

A single fixed response to a single stimulus is called a reflex
action (L., reflexus, from reflectere, to turn back), and the path of
the nerve impulses involved is termed the reflex arc. The
‘knee-jerk’ response (see Fig. 67) is a simple rcflex action which
is easily demonstrated in man. If you sit with your legs crossed
and then sharply rap the upper leg just below the knee the leg
will give a sudden kick, although no deliberate action is involved.

Two experiments on a frog will help to explain this behaviour.
A frog is killed by a cut which severs the spinal cord in the neck
region and is then placed so that the toes of one leg dip into a
beaker containing water warmed to about 40° C. Although the
frog is dead, he withdraws his leg from the water. If, however,
the spinal cord has previously been destroyed by the passing of a
wire down the centre of the backbone before the leg is dipped in
water no response will be obtained. Such experiments suggest
that the nerve impulses pass along nerves from the toes to the
spinal cord, and then back along nerves to the muscles of the leg.

And so we see that one function of the spinal cord is to control
local reflex actions like those described above. The spinal cord
also conveys nervous impulses from the rest of the body to the
brain and from the brain to the rest of the body.

4. THE Brain

The knee-jerk reflex and the reflexes of the frog’s leg involve
only the spinal cord and the nerves leading to the leg but in most
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Fi6. 67. DiaGrRAM TO sHow THE NERVOUS SYSTEM OF MAN

In this diagram the brain, the sympathetic system, and the small nerves have been omitted,
and only the main nerves and the spinal cord arc shown. The diagram on the right shows
the course of the nerve impulse involved in the ‘knee-jeik’ reflex, and also the relationship
which an involuntary muscle and a ganghon of the sympatheticsystem bear to thespinal cord.

of our actions the brain is also involved in the control of our
conscious bchaviour.

The brain rclates the various activities of the body, such as
hearing, seeing, moving, and eating, to one another and allows
us to select the appropriate response to any stimulus. Simple
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reflex actions take place almost instantaneously, and any given
stimulus should always elicit the same response, but in actions
which involve the brain a certain amount of choice of response,
based on past experience, is possible.

The spinal cord may be compared, then, to a local automatic
telephone exchange, and the brain to a central telephone exchange
in which the operator chooses which subscribers should talk with

Cerebrum

Medulla
Fic. 68. T HuMAN BRAIN VIEWED FROM THE RIGHT SiDE

one another. Like most generalizations and comparisons, this
analogy has its faults, but it illustrates the fixed, automatic nature
of a simple reflex, in contrast to the so-called conditioned
reflexes, which arise by experience and involve certain regions
of the brain. The brain has particular regions which are con-
cerned with particular activities. If these regions are damaged
some of the powers of response may be destroyed.

As we compare the brains of worms, insects, fishes, frogs, and
men we find that the more advanced animals have proportion-
ately larger brains. Man’s brain differs from that of the frog in
the great increase in size of the cerebral hemispheres. These
regions are concerned with the association of various activities,
and it is therefore not surprising that our power of learning (i.e.,
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the establishment of conditioned reflexes) is greatly in advance
of that of the frog.

Let us discover what is meant by a conditioned reflex by
considering the work of a Russian, Professor Pavlov (1849-1936),
who performed many interesting experiments on dogs.

Pavlov’s experiments are fundamentally simple. Let us
suppose that a hungry dog is offered a plate of food. His mouth

\-Vision "\

. Balance

.....

Fi1e. 69. DiacraM or HUMAN BRAIN, SHOWING AREAS WHICH ARE BELIEVED
TO BE CONCERNED WITH CERTAIN ACTIVITIES OF THE Bopy
Compare this figure with Fig. 68.

will water because saliva will be produced by a simple reflex,
which is a purely automatic and unconscious response. Pavlov’s
experiments consisted in producing some other stimulus, say a
bell or a buzzer, together with the food each time that it was
presented to the dog. After a number of such occasions the
buzzer was sounded alone, without any food present, and the
dog’s mouth watered. So a conditioned reflex, that of associating
food with the sound of a buzzer, had been established.

The conditioned reflex is the basis of learning. When a bahy
looks at a dog and says ‘““bow-wow” it is because a conditioned
reflex associating these two has been established previously in the
baby’s brain. In contrast, however, if you should shine a bright
light suddenly in a baby’s face his eyes would blink, as the result
of a simple reflex. In this case also the brain is involved, but this
response is an inherited one, not based on previous experience.
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5. RECEPTORS

The structure of the eye is, optically considered, not unlike
that of a camera. In both the light rays pass through a lens
(L., lens, lentil), which focuses them on a light-sensitive region,
which in the case of the eye is called the retina (L., rete, net).
The amount of light which enters the eye may be regulated by

Nerve fibres

Cornea

Iris
diaphragm

Retina

Suspensory ligament

Fic. 70. DiaGraM OF A SacrrraL SecrioN THRouGH A Human Eyg,
VIEWED FROM THE LEFT SIDE

the iris diaphragm (L., iris, rainbow), which enables the pupil
to contract when the cye is suddenly cxposed to powerful
illumination. The lens of the eye, unlike that in a camera,
can alter its curvature and so focus objects on thc retina with
clear definition. Ciliary (L., cilium, eyelid) muscles increase the
curvature of the lens when they contract.

Our ears serve not only to receive sounds but also to help us
to maintain our balance. Sound waves that reach the tympanic
(Gk., tympanon, drum) membrane, or ear-drum, cause it to
vibrate, and these vibrations are carried across thc middle ear
by a chain of small bones. In the inner ear there is a coiled tube
called the cochlea (Gk., kochlias, snail), which is supplied with
fine nerve-endings which transmit the ‘message’ to the brain.

The eustachian tube communicates with the mouth and so
equalizes the pressure on either side of the ear-drum.
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The inner ear also consists of three semicircular canals,
which are filled with a fluid. As we change position the fluid
also moves, and so we can keep vertical even with our eyes
closed. If we revolve very rapidly for some time and then
suddenly stop we feel giddy because the fluid in the semicircular
canals continues to move after we have stopped.

In addition to these receptors, there are many other receptors
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Fic. 71. DiacRaMMATIC VIEW OF A SECTION THROUGH A Human Ear
This figure is redrawn after Thompson.

in animals. Taste-receptors in the tongue, heat- and touch-
receptors in the skin are among the many receptors which allow
an animal to appreciate its surroundings.

6. InvorLunTARY CONTROL

Hitherto this chapter has dealt only with the control of the
muscles which normally perform voluntary actions. Yet there
are many involuntary muscles, such as those which cause
movements of the intestine, which are also controlled by the
nervous system.

Those nerves which exert control on the involuntary activities
of the body together constitute the sympathetic (Gk., syn,
with; pathos, feeling) or automomic (Gk., aulos, self; nomos,
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province) nervous system, which is intermingled with the rest
of the nervous system. Some of the nerve fibres of the sympathetic
system form a pair of nerve-chains which are situated on either
side of the spinal cord and lie ventral to it. The fibres are
grouped at intervals to form small swellings called ganglia (Gk.,
ganglion, little swelling), which serve as local brains to control
near-by involuntary activities (Fig. 67). Most of the activities
of our digestive systems are rcgulated by the influence of the
sympathetic nervous system.

4. INsTINCT AND THE BEHAVIOUR OF ARTHROPODS

The complex social life of the ants, the web-building habits of
spiders, and the many other intricate habits of arthropods show
that the members of this phylum are, in comparison to other
invertebrates, peculiarly sensitive in their responses to their
surroundings. Indeed, their behaviour is often so complicated
that one might attribute it to a power of reasoning similar to
our own, had not many experiments shown that much of the
behaviour of arthropods merely provides an instance of what
we call instinct, a type of response which is inherited, and not
learnt nor reasoned.

Many responses of arthropods seem to be responses to particular
situations rather than to simple stimuli. For example, the ‘pine
processionary’ caterpillar normally moves free]y, but if it meets
the trail of silk left by another of the same species it is bound to
follow this trail wherever it may lead. The great naturalist
Fabre succeeded in getting two of these caterpillars to follow one
another round the rim of a flower-pot. The chase went on for
seven days, only interrupted by pauses at night, until it was
finally broken by chance.

Responses like these, which are made to particular situations, are
called instincts. Often one such piece of behaviour would seem
to act as a stimulus for another, thus establishing a chain of
reactions. For instance, one species of solitary wasp, Ammophila
holosericea, will sometimes dig a hole in the ground and, after
catching and stinging a caterpillar, carry its victim there. It
will then lay an egg in the caterpillar and close the hole. Each of
these reactions occurs as a response to the previous act, and it is
therefore easy to upset this behaviour. If another caterpillar is
placed near by when the wasp is closing the hole the impulse to
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bury will be given once more, and it will reopen the hole. The
hole will be reclosed when the wasp reaches the bottom and sees
the caterpillar already there, but reopened when it sees the other
caterpillar on the ground. This may go on for a number of times,
but eventually the wasp will finally close the hole.

8ridge @)

Two bridges
cut here

Radius (@) Viscra
spiral (5)

Fi1c. 72. WEB oF THE CoMMON GARDEN SPIDER, ARANEUS (EPEIRA) DIADEMATUS,
AND AN Apurt FEMALE OF THE SPECIFS

The figure shows how, after two bridges have been cut, the spider does not remake
them, but crosses from one radius to another by an inncr bridge.

A similar chain of responses operates in the building of spiders’
webs. The spider builds his web in five stages, and the completion
of one stage seems to act as the stimulus for the beginning of the
next.

The first stage consists of constructing a frame and attaching
it to near-by objects, while a number of radii are spun from it to
the centre in the second stage. In the third stage a closely-wound
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spiral is then spun round the centre and holds the radii firmly.
In the fourth stage a more open spiral is spun, and the radii are
thus joined by a number of bridges. So far the web has been
made of non-sticky silk, and serves as a framework for the sticky
spiral which will trap flies and other insects. This viscid spiral
is spun in the final stage, and to do it the spider must use the
previously made bridges in order to cross the gaps between the
radii.

If the bridges of one sector are removed the spider is quite
incapable of making new bridges, but must travel in towards
the centre of the web in order to cross from one radius to the
next. Even if all the bridges are removed the spider will continue
to spin the viscid spiral, though the result will now be a sticky
mess. Set responses of this type, which cannot be modified to
meet unusual situations, are very different from our own reasoning
behaviour, which can select those responses which past experience
has shown us to be the most suitable for any situation. Inter-
ference with the spider’s web, together with other experiments
in the behaviour of arthropods, reveals that these animals possess
no power of reasoning, and indicate that their behaviour is rather
the result of simple responses and inherited instincts.

Instinct can be studied in many other animals. Much of the
behaviour of birds is regulated by instinct.

SUMMARY

(1) Receptors are organs which receive impressions from the
outside world; effectors are organs which make the necessary
response. The nervous system links receptors and effectors.

(2) Responses may be broadly classed under voluntary re-
sponses, involuntary responses, and instincts.

(3) The spinal cord is primarily concerned with simple
reflexes; the sympathetic nervous system controls other invol-
untary activities; the brain influences higher forms of behaviour.

SUGGESTIONS FOR HOME STUDY

(1) Discuss the following types of behaviour: (a) dropping a very
hot poker; (b) the web-building of spiders; (c) learning this chapter:
(d) digestion of food. What regions of the nervous system are involved
in each case?

(2) Compare the nervous systems of flies, fishes, frogs, and men.



CHAPTER XV
HORMONES AND THE GLANDS OF ANIMALS

A Sensitive Plant in a garden grew.
Percy ByssHE SHELLEY, The Sensitive Plant

SoME activities of living organisms arc controlled by chemical
substances which circulate round the body but control only
particular activitics. These chemical activators are called
hormones (Gk., hormao, 1 excite). Each hormone probably
controls only one particular type of
activity. The responses of plants to light
are simple instances of such chemical
control.

1. THE REsPoNSES OF PLANTS

Tropisms. Most plants are very sensi-
tive to light, and will bend towards the
source of illumination. Most of us have
observed how plants placed in the centre
of a fairly dark room will bend towards

. . i Fic. 73. PHOTOTROPISM IN
a window. A simple response of this type CRrESs SEEDLINGS

to a single stimulus is called a tropism The arows denote the direction

of the incoming light.

(Gk., tropé, turn). The stems of plants are

said to bc positively phototropic because they bend towards
light. The roots of many plants are negatively phototropic, and
bend away from light.

The force of gravity is another stimulus which influences the
direction of growth in plants. This response to gravity is called
geotropism (Gk., gé, carth). Stems are negatively geotropic
and grow against the force of gravity; roots are positively geo-
tropic and so grow towards the centre of the earth. An apparatus
called a klinostat is used to measure the influence of gravity,
and also to show how a centrifugal force may be substituted for
the force of gravity and have a similar effect.

We have not the space to consider here all the many responses
of plants to external stimuli. In addition to gravity and light
plants respond to temperature and to the amount of water and

159
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mineral salts in the soil. Many plants exhibit a daily rhythm
of movement by opening their flowers as the light and temperature
increase and closing them again at evening, when light and
temperature decrease. The crocus and the water-lily exhibit
these sleep-movements plainly.

Auxins, It is interesting to consider the mechanism which
enables plants to exhibit such varying responses, for the plant

——

/

Region of curvature
by growth

Cut end

F1c. 74. EXPERIMENTS ON GEOTROPISM

The upper figure shows a klinostat in which a developing bean is being rotated at a speed

sufficiently rapid to counterbalance the effects of gravity. The lower figures show a

developing bean, previously marked with equidistant ink lincs, to indicate the region of

curvature and a decapitated bean root, showing that geotropism will not occur if the
growing point is first removed.

has no obvious ‘brain’ or nerves. Most of the experiments on
tropisms have been performed by studying phototropism, since
light is a stimulus which is easily controlled. One important
fact soon became apparent; one part of the plant may receive
the light and yet cause another part of the plant to bend. When
the growing tip of a shoot is cut off the shoot’s response to light
stops. When the tip of a grass seedling was exposed to light and
the lower part of the plant left in shadow it was found to be the
lower part of the shoot that bent. This, together with other
experiments, made it clear that the tip of growing shoots is
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sensitive to light, and therefore that some influence must travel
down the plant to cause unequal growth when growing shoots
bend towards the source of light.

A Danish investigator showed by a simple experiment that the
influence which passes from the tip of a shoot down the stem does
not travel along nerves. He cut off
the tip of an oat seedling, covered
the cut end of the stem with a layer
of gelatine, and then replaced the tip
of the stem. The plant which had
been thus operated on could still
respond to light, thus proving that
the influence from the tip could
travel through gelatine. Nerve im-
pulses would probably be unable to
travel through gelatine, but most
soluble chemical substances can, and
it was therefore suggested that the
influence which travels from the tip
of a stem might be a soluble chemical
compound.

Subsequent experiments showed
that there is a chemical compound
which is normally produced in the
growing tips of all young shoots and
stimulates growth; the effect of
light is believed to cause a trans-

Gelatine

ference of this substance to the side
of the plant which is in the shadow,
causing that darkened side of the
plant to grow more rapidly than
the illuminated side, and conse-
quently the stem to bend towards

Fic. 75. EXPERIMENT TO sHOW
CAuse OF PLANT’s BENDING
TOWARDS LIGHT

The above experiment demonstrates
that a chemical substance passes from
the growing tip of a plant down the
stem, causing it to bend, when the tip
is illuminated from one side. As the
figure shows, the chemical substance
involved will pass through gelatine.

light.

The nature of the ‘growth-chemical’ produced by living
shoots has now been determined, and a number of chemical
compounds which have similar effects have been manufactured
in the laboratory. These compounds, which are called auxins
(Gk., auxein, to increase), can be bought at chemists or horti-
culturists under such trade names as Hortomone A, Seradix A,
etc. They are especially useful to the horticulturist for the

L
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multiplication of plant cuttings, since they encourage the growth
of roots in cuttings (see Plate 10). Some domestic plants—for
example, carnations—are usually multiplied by means of cuttings,
and a method which will increase the formation of roots is very
important to gardeners. In the practical application of this
process the cut ends of shoots are first stood for some time in a
diluted solution of an auxin and then planted in the usual way.
It is important to regulate the strength of the hormone solution;
too strong a solution would check root formation. Moreover, the
growth substances will actually inhibit the growth of roots which
have already formed, and they should not therefore be used on a
cutting or plant which has already developed some roots.

2. DucrtLEss GLANDS

Many of the ‘long-term’ activities of animals, such as growth,
development, and reproduction, are under the chemical control
of hormones, which circulate in the blood.

Patches of tissue, called ductless, or endocrine, glands,
manufacture these hormones and pour thenr into the blood-
stream as they are needed. Hormones control moulting in
insects and colour-change in shrimps, but are especially important
in the vertebrate animals, particularly man. The position of the
ductless glands is shown by the accompanying figure.

The normal activities of the ductless glands are carefully
controlled and delicately® balanced. Consequently, any dis-
turbances which lead to the under-production or the over-
production of particular hormones may produce very striking
effects. For instance, many giants and dwarfs are the result of
over-active or under-active pituitary glands. Experimental work
on the ductless glands is often rewarded by very dramatic results.
Any particular hormone taken from one vertebrate will in most
cases produce the same effect in other vertebrates. The implanta-
tion of a gland or the injection of an extract prepared from a
gland of an animal of one species into an animal of a different
species may therefore lead to very marked reactions.

There is not sufficient space here to consider the action of these
hormones in detail. We can but notice a few of their more
important effects.

The thyroid (Gk., thyra, door; eidos, form) gland, a paired
body lying in the neck, controls the rate of metabolism of tissues,
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and so affects development. Some of the early work on the action

of the thyroid was performed on tadpoles, which will change more

rapidly into frogs if they are fed on tablets prepared from the

thyroid glands of sheep or some other mammal. Conversely, if
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Fic. 76. D1AGRAM TO sHOW THE POsITION OoF THE MAIN DuctrEss GLANDS
IN Man
the thyroid glands are removed from tadpoles they never become
frogs.

In man babies are sometimes born with under-active thyroid
glands, and are consequently very backward in development.
Extreme cases are little more than slobbering idiots, and are
called cretins. It is usually possible to cure this condition by
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feeding the infants with tablets of thyroid extract for some
years. .

The pituitary (L., pituita, phlegm) gland is the most important
ductless gland, since it not only affects the activities of growth and
reproduction and other functions but also exerts a controlling
influence on the other ductless glands. It is known to manu-
facture a hormone, or hormones, which stimulates the growth of
the body. Many of the dwarfs in circuses have become so as the
result of an under-active pituitary gland in childhood. Con-
versely, many of the giants of the past and present reached their
size because of an over-active pituitary during their early years.

A relatively rare disease known as acromegaly results from
the over-activity in adult life of one portion of the pituitary
gland. The bones of the face, hands and feet are particularly
affected, and become greatly enlarged.

The colour responses of certain animals to their surroundings
are affected by the pituitary gland. Frogs are dark in colour
when on a dark background, but if they are placed on a light-
coloured background they pale noticeably after an hour or so.
If the pituitary gland is removed the frog will -become very pale,
and will only darken if pituitary extract is injected into its body.

Pituitary hormones which affect the sexual organs are produced
as an animal matures. One hormone stimulates the manufacture
of sperms in males and eggs in females; another pituitary hormone
activates glandular tissue in the sexual organs themselves, causing
them to pour sex-hormones into the blood.

The adrenal glands (L., ad, to; 7en, kidney) each contain two
distinct regions, which manufacture separate hormones with
different effects. The central portion (the medulla) produces a
hormone which affects blood-pressure, the amount of sugar in
the blood, and the responsiveness of certain parts of the nervous
system. The outer portion (the cortex) of the adrenal gland
produces a hormone, or hormones, which are concerned with
reproduction. There is evidence that the activity of the adrenal
medulla is increased during times of emotion and strain, and it
has been suggested that the consequent increased output of the
adrenal hormone helps to mobilize the body to meet conditions
which demand very great effort.

. The sex-hormones affect us emotionally and bring about the
development of the secondary sexual characters (p. 194). The de-
velopment of hair on the face and pubic region and the breaking of
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the voice which occur when boys reach puberty are brought about
by the release of the male sex-hormone from the developing testes.

Certain cells in the pancreas, known as the Islets of
Langerhans, manufacture a hormone called insulin and pour
it into the blood stream. A deficiency in this hormone leads to
the disease called diabetes, which is characterized by excessive
amounts of sugar in the blood stream; consequently sugar is
excreted in the urine, and so the reserves of the body become
used up, and in severe cases death may result. The discovery
of insulin by Sir Frederick Banting and Dr Best in 1921 enables
doctors to control diabetes by periodic injections of this hormone.

@ b ()
TFic. 77. PuparioNn IN THE BLow-FLY, CALLIPHORA

(a) Larva, showing nerve centre and the position of ligatures (1, 2); (b) with ligature at 1
more than sixteen hours before pupation; only the posterior region has pupated; (¢) with
ligature at 2 more than sixteen hours before pupation; only the anterior region has pupated.

The vivisection laws in Britain prevent any experiments on
living vertebrates except when a licence is granted for special
research. We can, however, study the action of a hormone in an
invertebrate, the blow-fly, or bluebottle. Like the house-fly, the
blow-fly changes from a larva to a pupa, and recent work suggests
that this change is started by the release of a hormone into the
blood. Experiments indicate that the hormone is manufactured
by tissues in or near the brain, so if we tie a piece of thread or
catgut tightly round the larva, above or below the nerve-centre,
as in Fig. 77, only the posterior or the anterior region of the body
will pupate.
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We can show that this is not due merely to damage to the
tissues by injecting some of the blood of a pupating larva into the
posterior region of the individual shown in Fig. 77 (¢). The
hormone then present in the blood will induce pupation. The
ligatures in these experiments must be applied more than sigteen
hours before pupation begins. Otherwise the hormone will
have already been released and tying the larva will not influence
pupation.

SUMMARY

.(1) Some of the activities of animals and plants are controlled
by chemical substances called hormones.

(2) Plant shoots bend towards light but away from the force
of gravity. Plant roots bend towards the earth’s centre of gravity.

(3) These curvatures are brought about by unequal growth,
resulting from the activity of a growth-hormone.

(4) Growth, blood-pressure, the rate of metabolism and
development, are among the activities of our bodies which are
controlled by hormones, the latter being produced by ductless
glands. .

(5) Moulting and pupation in insects and colour changes in
crustaceans are affected by hormones.

SUGGESTIONS FOR HOME STUDY

(1) Compare the way in which (a) plants, (b) animals, respond to
light.

(2) Give an account of two experiments to show that certain
activities of living organisms are under chemical control. How can
you show that the activities you name are not controlled by nerves?



CHAPTER XVI
GROWTH AND SIZE

To compare

Great things with small.

J. MiLTON, Paradise Lost, Book 1I

A CONSIDERABLE increase in volume and bulk must take place
before an animal or plant can reach its adult size; this process
of enlargement we call growth. True growth involves only the

absorption of food and
its incorporation into the
body to form protoplasm.
It is usually accompanied
by development, which
involves an increase in
complexity of the tissues
formed.

1. RATE oF GrOWTH

In plants growth pro-
ceeds unequally. A period
of slow growth is followed
by a stage of rapid growth,
which is in its turn suc-
ceeded by a further period
of slow growth. We may
show experimentally that
this is so by observing
the rates of elongation of
the root and shoot in a

ImEEITNn

ZONE Of wammee—>
rapid growth

U

Fic. 78. REciON oF MAXIMAL GROWTH IN
A Bean Roor

young bean. (Experiment 1 at end of book.)

Equidistant marks are made on the shoot and the root by
drawing lines in Indian ink. As the root and shoot lengthen
these lines will be drawn further apart. Twenty-four hours after
the lines were drawn we shall note that those midway down the
root and shoot have separated the most widely, which indicates
that the oldest tissues at the bases are growing but slowly, while

167
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those at the tips have not yet reached their stage of active growth,
and those which have been formed fairly recently are alone
growing actively.

A comparable observation may be made on the young shoots
of a rapidly growing shrub (Experiment 2). In this case the dis-
tances between successive nodes are measured. Once more we
find that those tissues first formed and those recently formed have
grown slowly when compared with the intermediate tissues.

Root-cap

LS. Root

Region of most
active cell-division

2 O/der cell, B
vacuol/ated.

3.Yetolder cell, vacuo/ated 23
and e/ongatedv

Fi6. 79. DiacraM OF LONGITUDINAL SECTION THROUGH THE TIP oF A Roor,
SHOWING THE MAIN Tissues

It will be noticed that as the cell becomes older it also becomes more elongated and
more vacuolated. See also Plate 11,

So far we have considered only the increase in length of
growing plants. A true estimate of growth must also take into
account their increase in thickness. Moreover, we should
attempt to distinguish between a possible temporary increase in
water content and a more permanent increase in solid matter.
The rate of growth in plants is, in practice, best measured by
recording the dry-weights of large numbers of plants of different
ages.

In plants the formation of tissues is mainly restricted to certain
regions only, and so any account of plant growth must include
some description of these areas of cell-multiplication.

The elongation of the root and shoot occurs as a result of the
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activity of cells just behind their apices (L., apex, summit)
(Plate 11). Such tissues are termed apical meristems (Gk.,
meristes, divider).

The apical meristems produce new cells by cell-multiplication.
The cells thus formed are fairly small at first, but they expand
later to form mature cells. This expansion begins with the intake
of water and the stretching of the cell-wall by the pressure of its
contents. - The enlargement of the cell-wall is then made more

Xylem

Phloem

Cambium Secondary phloem Secondary xylem

Fic. 8o. GrowtH IN Woopy STEMS

A, young stem in transverse section, showing the position of the main tissues; B, section
of a woody stem after one vear’s growth.

(These figures are diagrammatic, and the rcla;ive sizes of the various parts are not drawn
to scale.

permanent by the deposition on it of substances from the proto-
plasm of the cell. As the cell enlarges the protoplasm forms a lining
to the cell-wall and vacuoles appear (Fig. 79).

The increase in girth of a flowering plant occurs through the
activity of another meristematic cell-layer, called the cambium
(L., cambium, exchange). This layer lies in the position shown by
Fig. 80; its cells give rise to xylem tissues on one side and phloem
tissues on the other.

The growth of plant cells depends on the following factors:
(a) the presence of cells which are able to divide; (b) available
food reserves in the dividing cells or the opportunity to obtain
food from other portions of the plant; (¢) a plentiful supply of
water; (d) a supply of growth-hormones; (¢) suitable conditions of
temperature, oxygen supply, and light. Plants grown in darkness
become flabby, long, and pale, a condition known as etiolation.
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Growth in plants seems to be affected, and is probably con-
trolled, by chemical substances known as auxins (p. 161). The
growing tips of the root and shoot appear to exert some influence
which inhibits the formation of branches from the side of the stem
or root. If the tip of a shoot is cut off many side-branches may
grow out from the buds in the axils of the leaves on the side of the
stem. When gardeners prune plants they cut the tips of the main
stem or branches, and so promote the formation of many more
smaller branches, thus making the tree or shrub more compact
and ‘bushy,” and so capable of bearing more fruit.

The growth of animals differs from that of plants in some
respects. Cell-multiplication is not so restricted to certain areas,
but occurs fairly generally over the body. Little growth occurs
after maturity, and consequently by far the greater part of growth
is undergone in youth, in contrast to plants, where a certain
amount of growth continues throughout life.

Trees increase in girth each year by the formation of new
vascular tissue by the cambium. Since very active growth occurs
only in the spring and summer, annual growth is marked by
distinct rings of vascular tissue in the stem. We 'may, therefore,
by examining the cut surface of a tree stem and counting the
rings, calculate the age of the tree, and also, by examining the
width of the rings, gain some idea of the climate in past years,
since wide rings indicate a season which favoured rapid growth
(see Plate 12).

Annual growth is seldom so easily detected in animals, though
in some fishes it is possible by counting the rings on each scale
to assess its probable age.

2. CELL-DIVISION

Living organisms grow by increasing the number of cells which
compose their bodies. Thus, an adult man starts life as a single
cell, the fertilized egg, but finishes with a body composed of about
a hundred billion cells. His growth has occurred by means of
the multiplication of cells by cell-division, each of the half-cells
formed by a division later enlarging to the size of its parent.

There is a good reason why growth is always accompanied by
cell-division and why cells should not merely increase in size
without splitting. Oxygen for respiration and food materials
are absorbed all over the surface of the cell, thus enabling the
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inner regions to obtain those chemicals which they require. But,
as a cell doubles its diameter, the surface only increases by four
times, though its bulk has increased by eight times. If the
diameter should be trebled the bulk would increase by twenty-
seven times, though the surface-area would only ‘increase by
nine times. Since the inner part of the cell can only obtain its
chemical requirements through the surface it is as though Great
Britain had increased its population without increasing its port
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F1c. 81. DiAGraMMATIC VIEW OF SUCCESSIVE STAGES IN MITOSIS IN THE
CeLLs AT THE AricalL MEeristem oF AN OnioN Roor

facilities for importing food; the inner regions of the cell would
starve unless it divided in half, and so readjusted its surface-
volume ratio.

The process of normal cell-division, or mitosis! (Gk., mitos,
thread), is accompanied by great changes in the nucleus. The
process has for convenience been divided by biologists into four
stages, but as it is continuous we may describe it as such. Fig. 81
shows the sequence of events. First the dark-staining material of
the resting nucleus (1) loses its granular appearance and is seen
to consist of a number of fine threads (2), which proceed to
become shorter, fatter, and more distinct from each other (3).
These threads are called chromosomes (Gk., chroma, colour;
soma, body), and are constant in number and appearance for
any one species. (For example, in man there are forty-eight, in
the apple thirty-four, and in the American fruit-fly eight.?)

1 Cells which form gametes do so by a process called meiosis.
? See Fig. 142.
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The thin membrane round the nucleus disappears, and fine
constrictions appear in the protoplasm in the form of a spindle.
Then the chromosomes, which by now have each divided into
two halves, become arranged on the ‘equator’ of the spindle (4).
The halves‘of the chromosomes separate and move to opposite
ends of the cell (5, 6) and there form two new nuclei (7). Mean-
while a split has divided the protoplasm, and so formed two cells
(8), each with a nucleus composed of the same number of
chromosomes as that of the original cell. Mitosis occurs in most
animal and plant cells, though there are some cases where
division takes place without such complex nuclear changes.

3. Si1ZE

The range of size in living things is startling to contemplate.
At one end of the scale we find the Californian Big Trees weighing
nearly a thousand tons and the Sulphur-bottom whale weighing
over 150 tons, while at the other end we find the bacteria, which
are living organisms and yet are so small that 250,000 could rest
side by side on the full stop at the end of this sentence without any
overcrowding. One-quarter of the total range of size in the
universe is, as far as we know, occupied by living things. A Big
Tree is as much larger than a bacterium as the sun is bigger than
the tree. Man is almost halfway in size between an atom and a
star. The biggest single living organism is a quadrillion times
larger than the smallest.

A very small size does not necessarily imply a reduction in
complexity; adult insects exist complete in every detail as regards
nerves, eyes, muscles, and so on, yet smaller than a human egg
(-2 mm.); an ounce of fleas would contain more than 80,000
perfect individuals. One may therefore ask what factors limit
the size of any species? Is there any reason why birds should not
be as big as aeroplanes, or fleas the size of men? ‘

In order to discover what principles limit the size of any
species let us imagine that we could juggle with the size of some
living creatures. To begin with, let us construct a man who is
normally proportioned but about sixty feet high. Unless the
size of this giant’s leg bones were greatly increased his legs would
be unable to support his weight, for while his leg bones have
become about a hundred times as thick his weight has increased
nearly one thousand times; to support such a weight the bones
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of the leg must increase to the size of huge tree-trunks. Alterna-
tively, imagine a bird the size of a man. In order to keep in the
air such a beast would nced a breast projecting about four feet
to house muscles for working its wings, and even then flight would
be mainly restricted to gliding on up-currents of air. The size
of insects is limited by their method of respiration, since insects
respire by the diffusion of oxygen along trachez. Under such
conditions the rate of diffusion is very slow, and any portion of
the insect’s body that was more than a quarter of an inch from
the outside air would always be short of oxygen. Consequently
the bodies of insects are rarely more than half an inch thick.

If we now consider diminution in size in our subjects we should
find that a mammal much smaller than a mouse would have to
spend all its day eating, and even then would not be able to keep
warm enough. This is because the body surface, from which
heat is lost, does not shrink as rapidly as does the body weight.
As it is a mouse has to eat seventeen times as much food as a man,
in proportion to their body weights, eating in fact nearly a quarter
of its own body weight of food every day. We may, therefore see
by these few examples why a size that suits, say, an insect, would
be impossible for a mammal, and vice versa.

4. ABNORMAL GROWTH

No account of growth and size would be complete without
some mention of abnormal growth, since cells sometimes seem to
lose their power of controlled growth and proceed to divide and
grow at an alarming rate, even to the extent of killing the organ-
ism of which they form a part.

The swellings of tissues which are caused by abnormal growth
are referred to as tumours, and two distinct types may be
recognized in animals. The so-called benign tumours occur when
the growth is localized, as in the formation of carbuncles, warts,
and some other growths. More dangerous types of growths,
which are called malignant tumours, take place when cells of the
first tumour to form wander round the body and start other
tumours. Malignant growths are generally called by the name
of cancer (L., cancer, crab), a disease which kills some 220,000
men and women each year in Britain and America. Treatment
consists in the removal of the cells of uncontrollable growth,
either by surgical means or by killing them with radium rays or
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X-rays. Sometimes, however, the tumour has formed in some
vital tissue, like the lungs or liver, and no successful treatment is
possible. The exact causes of cancer are as yet unknown, though
each year we learn new facts about the activity of malignant
tumours, which may eventually solve the problem of this disease.

SUMMARY

(1) Growth is performed by the absorption of material and
its incorporation into the body to form protoplasm.

(2) In living things it is accompanied by the division of cells,
so that as an organism grows the number of cells in its body
increases.

(3) Respiration, heat-loss, and other factors limit the sizes
of living things.

(4) Some diseases result from abnormal growth.

SUGGESTIONS FOR HOME STUDY
(r) Compare the growth of animals and plants._
(2) What factors limit the sizes of living things?
(3) Describe the process of cell-division. -



CHAPTER XVII
PLANT REPRODUCTION

By their fruits ye shall know them.
St Matthew vii, 20

THE reproduction of a flowering plant when considered super-
ficially appears to be a fairly simple process. Pollen from one
flower is carried to the carpel of another of the same species, and
joins with it to form a seed, which later germinates to create a
new individual.

In detail, however, this method of reproduction in a flowering
plant is a very complicated process, and it is only one of the three
ways in which plants reproduce. Simpler plants also reproduce
sexually, and sometimes asexually by the production of great
numbers of cells called spores. Some flowering plants also
reproduce by methods of vegetative reproduction.

In order to understand the relation between the different
methods of reproduction in plants, and the significance of certain
nuclear fusions in the flowering plants, it will first be necessary
to study the phenomenon of the alternation of generations in
plants.

1. THE ALTERNATION OF GENERATIONS

The so-called alternation of generations is well illustrated by
the fern plant (Fig. 82).

On the underside of the leaves of the well-known fern plant a
number of small brown bodies may be seen. Under the micro-
scope we find that these are formed of clusters (each cluster called
a sorus) of sporangia, each of which produce large numbers of
cells called spores. These are scattered in dry weather and fall
to the ground, where they may each form a new plant. The
plant which develops from a spore is not at all like the usual fern
plant, however, but is a small, flat, heart-shaped green plant
measuring about a quarter of an inch across, which is attached to
the ground by root-like hairs. This plant, called the prothallus
(Gk., pro, before; thallos, young shoot), bears a number of male
and female reproductive organs on its lower surface. The male
organs (3) form spermatozoids, while the female organs (%)
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each contain an egg. In damp weather, when there is a film of
wateér on the prothallus, spermatozoids swim to the eggs, and each
egg may be fertilized by fusion with a spermatozoid. Only one
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capsule

e G 3OO -
bear/hf
plant
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F1c. 83. SMALL PORTION OF A MOSs-PLANT, SHOWING THE SEXUAL STEMS
CARRYING SPORE-BEARING GENERATIONS
The magnification is approximately five,

fertilized egg develops on each prothallus. It forms in time the
familiar large fern plant, which in its turn will form more spores
and so continue the alternation of an asexual generation producing
spores, and a sexual generation forming eggs and sperms.
Mosses exhibit a somewhat similar alteration of generations,

M
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except that in this case the main plant forms eggs and spermato-
zoids while the asexual generation, consisting of a stalk bearing
a sporangium, remains attached to the parent sexual plant
(Fig. 83).

In flowering plants the reverse is the case. The flowering plant
is spore-producing, but some spores remain attached to the flower

50cm.

d

Scale

Tic. 84. VERTICAL SECTION THROUGH THE FLOWER OF RANUNCULUS ACRIS,
A MEeapow BurTERCUP
Two carpels have been opened in order to show the enclosed ovules.

and form embryo-sacs within carpels (see Fig. 87), while others
form pollen grains. The whole process of an alternation of
generations is very much reduced and obscured. The spores
do not appear as such and the sexual generation and gametes
are only represented by nuclei.

2. Tue FLower

Sexual reproduction is found in all the phyla of plants. In the
largest phylum, that of the flowering plants, the flower contains
the sexual organs.

A typical flower! consists of a number of parts arranged in
nearly concentric circles, called whorls. The outermost whorl

! An elementary outline of the anatomy of the flower has already been given in
Chapter III,
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is composed of leaf-like structures, the sepals, which enclose the
flower in the bud stage. Inside these are the petals, which are
likewise leaf-like in form, and are often brightly coloured.

Within the petals we find a number of stamens, which
constitute the male reproductive organs. In the centre are
placed the female organs, or carpels.

Style,
ending in
Petals stigma

\ Anther

Kee/

Sepal

Fic. 85. VERTICAL SECTION THROUGH THE FLOWER OF THE SWEET PEa,
LATHYRUS ODORATUS
The magnification is two.

The flower of a species of buttercup (Ranunculus acris) presents
a fairly typical appearance (Fig. 84), with sepals, petals, stamens,
and carpels regularly arranged, in contrast to the flower of the
sweet pea (Lathyrus odoratus), which has become modified and has
lost its original symmetry. Flowers which are symmetrical about
several planes, like the buttercup, are said to be actinomorphic
(Gk., aktis, ray; morphe, shape), in contrast to types like the sweet
pea, where the flower can be divided in one plane only, if halves
are to be formed. This last condition is termed zygomorphic
(Gk., zygon, yoke).
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Collective terms, which include parts of a flower that are
distinct from the remainder, are used to simplify description.
Thus we call all the sepals the calyx; all the petals form the
corolla; the stamens constitute the andreecium (Gk., aner,
male; otkos, house); and the carpels comprise the gynzecium
(Gk., gyne, woman). If the description is based on these facts the
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Buttercup Sweet Pea
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Fic. 86. FLorAL DiaGrAMs OF THE MEApow BuTTErRCUP, RANUNCULUS ACRIS,

AND THE SWEET PEA, LATHYRUS ODORATUS
Floral diagrams show the main constituents of a flower viewed from above and simplified,

composition of a flower may be indicated by floral formule, like
that of the buttercup:

K5 C5 Ao Geo 1
and the sweet pea:

K5 C5 Aro Gi.

The numbers of the constituents of the calyx (K), corolla (Q),
andreecium (A), and gynzcium (G) are thus recorded.

We may now examine these parts in greater detail. There is
considerable variation in the structure of flowers; sometimes the
calyx is brightly coloured, sometimes it is absent; the corolla is
usually brightly coloured when it is present, but in some species
itis absent. The stamens are very constant in form; each consists
of a slender stalk, the filament, broadening at its apex into a
connective, which bears two anther lobes. The anthers

1 o signifies a large and variable number.
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contain compartments called pollem sacs, within which the
pollen grains develop. The gynacium consists of one or more
carpels (which may unite to form an ovary), each of which
contains one or more ovules. The carpel wall, which serves for
protection, is drawn out at one end into a fine tube, the style,
which terminates in a sticky opening, the stigma.

When the ovule is ripe it contains seven nuclei, arranged in
the manner shown by Fig. 87. Two of these nuclei, after fusion

Synergid nucleus

Antipodal .
nuc/e/

Egg-nucleus Integuments

Secondary nucleus
of the embryo-sac

Fic. 87. DiaGram T0 sHow THE MAIN ConsTITUENTS OF A Rire OvuLe

The Ovule is here shown in section, and the embryo-sac can be seen, protected by
integuments,

with nuclei in the pollen grain, develop, and together form a new
plant.

3. PoLLINATION

The process of pollination is dependent upon the arrival of
pollen grains from one flower on the stigma of another of the same
species. The pollen may be carried from one flower to another
by insects, by wind, or, more rarely, in the case of some species,
by birds or water.

Insects visit flowers in search of food, and pollination takes
place incidentally as they travel from onc flower to another.
Flowers provide two forms of food, nectar and pollen. Nectar
is a solution of sugars which is produced in nectaries. Insects,
like bees and butterflies, which visit flowers for nectar, have
sucking mouth-parts in the form of long tubes, through which
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nectar is drawn up. Flowers that are pollinated by insects usually
have large petals, which are often brightly coloured. There is
evidence to show that the colours of the petals serve to attract
insects to the flower. Experiments on the honey-bee have shown
that while it can distinguish between the colours blue and yellow,
it probably cannot distinguish red colours. It is therefore interest-
ing to note that flowers
visited by bees are
usually blue, purple,
orange, yellow, or some-
times white; they are
rarely pure red. Flowers
f pollinated by butterflies,
on the other hand, are
often red (maiden pink,
red campion), though
butterflies also visit yel-
low, purple, or blue
flowers. Night-flying
moths usually visit white
flowers (honeysuckle,
white campion). There
is also some evidence
that insects are attracted
to flowers by their scent.
Many flowers are so
constructed that when
insects visit them for
nectar the anthers and

Fic. 88. PoLLEN GRAIN

Above the grain can be seen germinating to form a pollen- the Stlg ma are madc to
tube. In both cases the covering of the pollen grain has touch the bOdY of thc

been removed on one side in order to reveal the contepts.

insect. The sweet pea
(see Fig. 85) is a highly-specialized bee-flower with an elaborate
pollination mechanism. The insect alights on those petals which
are called wings, and in depressing them depresses the petal called
the keel, thus exposing the anthers and. the stigma. As the insect
probes for nectar at the base of the stamen-tube its underside is
first struck by the stigma, which collects any pollen already
present on the bee, and then by the style, from which pollen
is brushed by the hairs on its body. The buttercup is visited by
many species of insect which can effect pollination.

Pollen tube

Generative
nucleus

Tube nucleus
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4. FERTILIZATION AND THE SEED

When pollen grains alight on a stigma they are stimulated to
develop by the sugary solution it possesses. Each pollen grain
contains two nuclei; one of these, the tube-nucleus, controls
the formation of a long pollen-tube, which passes down the style
to the ovule. It eventually passes through the micropyle, and so
reaches the embryo-sac.

Meanwhile the other nucleus, the generative nucleus, has
divided to form two male nuclei, which enter the ovule. One fuses
with the egg nucleus in the ovule, the other fuses with the second-
ary nucleus. The product of the former fusion becomes the new
plant, while that of the latter fusion becomes tissue called
endosperm (Gk., endon, within; sperma, seed), which nourishes
the embryo plant. These fusions of nuclei complete the process
of fertilization. -

Immediately after fertilization the fertilized egg-nucleus
divides rapidly, and forms a small embryo. At the same time the
endosperm increases by means of cell-division. In some seeds the
endosperm remains outside the embryo, while in others it becomes
incorporated in the seed-leaves of the latter. The fertilized ovule
containing the young embryo is called a seed 3 one or two
integuments of the ovule form a hard seed-coat or testa (L.,
testa, shell). The embryo within the seed soon stops developing,
the seed loses water, and the seed-coat hardens. The seed is then
said to be ripe, and will remain dormant without obvious changes
until germination. The germination of a seed has already been
described (p. 36).

5. THE Fruir

After fertilization changes take place in the ovary, and some-
times also in the receptacle, the bracts (floral leaves), or perianth
(the calyx and the corolla), to form a fruit. This structure
encloses the seeds until they are ripe and often aids their
dispersal.

It is convenient to divide fruits into two groups—(1) dry
fruits, (2) succulent or fleshy fruits, these terms describing
their condition when ripe. The fruits of the buttercup belong
to the dry fruit group. The hazel and the beech form dry fruits
called nuts, which possess a hard outer wall. Plums, oranges,
apples, and peaches are some examples of succulent fruits.
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Fruits are often so formed that they themselves aid the dispersal
of the seeds they contain. The tufted fruits of the dandelion and
the winged fruits of the sycamore will sail in the wind for a con-
siderable distance. Pea-pods split with violence and eject their
contained seeds ; the fruits of cleavers are covered with fine

Fruits

Applex’s )

Dandelron
Cx3)

Sycamore
Cnatural size )

Fic. 89. A VariETY OF FRUITS

The dandelion (Taraxacum officinale) and the sycamore (Acer pseudoplatanus) provide

examples of wind-borne fruits; the fruits of cleavers (Galium aparine) are provided with

small hooks, which catch in the fur of animals; the fruits of the pea are expelled by the

splitting of the pod; the fleshy covering of the apple tempts animals to eat the fruit and
so to disperse the seeds.

hooks, by means of which they cling to the fur of animals and are
carried away from the parent plant.

Finally, there are very many fleshy fruits where the food
materials which are contained act as a bribe to tempt animals to
eat the fruit. The seeds pass unharmed through the alimentary
canal of the animal and are passed out with the feeces. Many
fleshy fruits are even brightly coloured, thus advertising the free
gift of food offered to any animal which will eat the fruit and so
disperse the seeds.
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6. VEGETATIVE REPRODUCTION

When a portion of a plant becomes detached and forms an
independent individual we may say that vegetative reproduction
has occurred. Some flowering plants spread or persist from year
to year by means of various modifications of this method. A
few types of vegetative reproduction may be summarized here.

(1) Runners. Strawberry plants spread by means of creeping

[N

Runner

Scaledeaves

Runner with
withered tip

Fic. 9o0. STRAWBERRY PrANT

horizontal stems called runners. These stems arise from the
axil of one of the leaves of the parent plant. At intervals buds
on the runners grow into new plants, which later become detached
and independent of the parent plant.

(2) Tubers. The potato plant bears a number of branches of
the stem which penetrate into the ground and swell at their
tips. These swellings, called tubers, are filled with starch; they
remain in the ground until the following season. The ‘eyes’ of
the potato tuber are scale-leaves with axillary buds which will
grow into new shoots.

(3) Bulbs. Tulips and onions persist from year to year by
forming bulbs. A bulb is the swollen base of the stem surrounded
by fleshy leaves filled with food material. At the apex of the stem
there is a terminal bud which will grow into a new plant. As it
becomes a fully grown plant it will pass down food materials to
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the bulb, and so nourish small axillary buds which will form new
bulbs.

7. CUTTINGS AND GRAFTS

Man employs a method allied to vegetative reproduction when
he multiplies his garden plants by taking ¢ cuttings * from them.
A cutting consists of a small portion of a shoot, which is cut
off just below a node and bears a terminal bud. The cutting is

Fic. 91. METHODS OF GRAFTING IN PrLANTS

On the left a small shoot is about to be grafted on to a stock; on the right a leaf with
its axillary bud forms the scion.

planted with the severed end in the soil, where it develops new
roots. Some plants, such as willows and roses, readily develop
from cuttings, while apples, pears, and others are not easily
raised from them. Gardeners also employ artificial vegetative
reproduction when they graft a shoot of one plant on another
plant of the same species. That plant still growing in the soil is
called the stock, while the shoot grafted on it is termed the
scion. The cut ends of the scion and stock are shaped to fit each
other and then bound tightly together so that close contact
between the tissues is maintained. The graft is often covered
with wax to prevent loss of water.

Sometimes the scion is not a complete small branch, but only
a bud in the axil of a leaf (Fig. g1).

Buds are young undeveloped shoots. The tips of stems bear
apical or terminal buds, which by their activities can cause the
shoots to lengthen. Axillary buds, which are found in the angles
between leaves and stems, sometimes grow out to form branch
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stems. Usually the activity of an axillary bud is retarded by the
presence of the terminal bud on the shoot, but if this should be
removed the axillary buds may develop to form side-branches.
In certain cases gardeners encourage bushy growth in shrubs
and trees by cutting the terminal buds from off the shoots.
Axillary buds assume particular importance in those trees and

Leaf-stalk

Cork layer

Terminal bud Leat scar WLk

Fic. g92. Bups

A4, a section through an axillary bud of a sycamore shoot, showing the manner in which

the growth of the cork layer across the leaf-base prepares the shoot for the leaf-fall in

autumn; B, termmal bud of a sycamore shoot opening in spring. Young green leaves are

shown emerging between the brown scale leaves; C, a shoot of the horse chestnut-tree

in winter, showing the position of the terminal bud, the lateral buds, and the scars of
the previous year’s leaves.

shrubs which lose their leaves in the autumn. The process of
leaf-fall is brought about by the growth of a thin absciss layer
in the stem at the base of each leaf-stalk; the development of
the absciss layer is accompanied by the formation of a thin layer of
cork beneath it. The development of these layers prevents the loss
of water from the stem to the leaf, which therefore drops off.
Meanwhile the axillary and terminal buds remain until the
following spring, when they ‘may develop into shoots bearing
leaves (Fig. 92).

The propagation of plants by means of the grafting of one
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plant on another has important practical applications. If one
variety of apple is grafted on another a tree may be produced
which combines the best qualities of each variety. Careful choice
of apple root-stocks and scions allows us to influence the vigour
of trees, the age at which they fruit, and the colour and quality
of the apples which they produce.

Sometimes unions between plants of different specxes are
possible by grafting methods. By grafting a grape-vine on the
root-stock of a wild species of grape we can retain the fruit
qualities of the former while protecting it from a serious vine
disease caused by an insect of the genus phylloxera. Many
ornamental] plants are produced by interspecific grafts, The
union of a purple broom plant and a yellow laburnum gives rise
to a plant with intermediate characters.

SUMMARY

(1) Plants reproduce sexually and asexually. In the land
plants an asexual generation precedes and succeeds a sexual
generation. In the flowering plant the sexual generation is
greatly reduced.

(2) Flowers are built on the same plan, but are modified in
different species.

(3) Fertilization is accompanied by complicated fusions
between nuclei in the pollen grain and those in the ovule.

(4) The fertilized ovule, together with the carpel wall, or the
receptacle, constitute the fruit, which may be modified according
to the mode of dispersal of the seed contained in it.

(5) Plants can reproduce vegetatively. Some of their methods
of doing so are discussed in this chapter.

SUGGESTIONS FOR HOME STUDY

(1) Whatis meant by an alternation of generations? Give examples
of its occurrence.

(2) Discuss the structure of a flower and indicate the functions of
the different parts.

(3) Give an account of vegetative reproduction in plants.



CHAPTER XVIII
ANIMAL REPRODUCTION

I was ever of opinion, that the honest man who married and brought up
a large family, did more service than he who continued single and only
talked of population.
O. GovrpsmrTH, The Vicar of Wakefield

AnNmMALS, like plants, reproduce their kind. In animals sexual
reproduction is more common than asexual, although the latter
method also occurs in Jower forms.

1. EArRLY THEORIES

It is fairly easy to observe the way in which some animals
enter the world. For instance, we may watch a hen lay an egg;
we may see her sitting on the egg to keep it warm, and, after
some time observe a chicken appearing from the egg. It seems
clear from this that the chicken has been formed in some way partly
by the body of the mother and, since hens will only lay fertile eggs
if there is a male bird, the cock, in the hen-run, it is apparent that
the male bird has contributed to the formation of the chicken.

The reproduction of some animals, however, is less evident,
and early workers therefore believed that certain animals might
arise spontaneously from non-living matter. Aristotle therefore
divided animals into two groups—-those which formed their
young as the result of a mating process between a male and a
female and those which, he asserted, arose spontaneously from
mud, water, vegetable juices, or excrement. In this latter group
he placed most molluscs, sea-anemones, starfishes, butterflies,
many species of worms, and some other invertebrates. Belief in
the possible spontancous generation of some animals persisted for
many hundreds of years. Even well-known scientists (such as
van Helmont) supported traditional recipes for ‘making’ living
things, like that for making mice by placing cheese and dirty
linen in a closed receptacle. It was widely believed that flies
arose from rotting meat or from vegetable juices. In the seven-
teenth century an Italian scientist, Francesco Redi (1626—98),
showed that if rotting meat were covered with fine muslin so
that no flies could reach it none were formed in the meat.

189
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Uncovered meat ‘produced’ flies because eggs had been laid in
the meat. These and later researches disproved the spontaneous
generation theory in respect of the larger forms of life. Experi-
ments on the minute living things we call bacteria (see Chapter
XX) were more difficult to devise, and as late as the nineteenth
century scientists disputed whether or not these organisms could
arise spontaneously from non-living nutrient broth. One careful
experimenter named Spallanzani (1729-99) had shown that by
boiling such broths and then excluding air the appearance of
bacteria could be prevented. His views were violently opposed
by an English Catholic priest named Needham and an enthusi-
astic but often inaccurate Frenchman, the Comte de Buffon, who
‘together based a network of speculation on the results of one bad
experiment. They performed Spallanzani’s experiment, but they
used insufficient heat to kill any bacteria already present in their
broth, and they stoppered the flasks with porous corks, which
allowed bacteria to enter.

The theory of spontaneous generation was finally overthrown
by Louis Pasteur (1822-95) (p. 211). He repeated the experi-
ments of Spallanzani and Needham, making sure that no living
bacteria remained in the flask by boiling and by arranging his
apparatus in such a way that air could enter but that bacterial
spores were excluded (see Fig. 104).

It is now a well-established fact that living things can only
be formed from other living things. We call this the prin-
ciple of Biogenesis (Gk., bios, life; genesis, descent).

The part played by the female animal in the formation of young
is often more apparent than the contribution of the male.
Aristotle erroneously suggested that the female contributes the
‘substance’ of a child and that the male imparts some ‘form’
which need not be accompanied by the contribution of any
material from his body. The discovery of the microscope in the
seventeenth century enabled Leeuwenhoek (see p. 205) and other
observers to detect the presence of tiny structures which we call
sperms in the fluid which the male emits during the act of mat-
ing. Clearly, therefore, the male contributes material for the
formation of the young, and so some workers then suggested that
the sperm might contain the ‘substance’ of the young while the
female imparted the ‘form.” The supporters of this theory sought
to justify their view by descriptions of the tiny figures which they
believed that they could distinguish in the head of the sperm.
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The invention of more powerful microscopes has enabled
scientists to show that sperms do not contain tiny figures, as some
carly workers believed and, moreover, that sperms are in fact
special cells formed from other cells in the body. The ‘head’
of the sperm consists of little more than a cell-nucleus, which
bears a whip-like tail to enable it to move actively.

Sperm tai
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[ ) Sperm
Homunculus nucleus

or little man
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‘The upper diagram shows the structure of a human sperm; the lower is the seventeenth-
century impression of a sperm, when it was believed that a little figure could be distinguished
inside. Later work, however, with better microscopes, showed this view to be false.
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F1c. 94. DIAGRAMMATIC REPRESENTATION OF A SECTION THROUGH A
Hen’s Ece
See also Plate 15.

The eggs produced in the female’s body are also special germ-
cells, and are derived from cells similar to the other body-cells.
The size of the egg depends on the amount of food which is present
stored as yolk for the use of the developing young.

Aristotle’s view that one sex contributes the ‘substance’ of the
young and that the other sex imparts ‘form’ is no longer tenable.
It is now recognized that all young animals that are reproduced
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sexually are formed by the fusion of two cells, one the egg, or
ovum, which is formed in the body of the female, and the other
the sperm, which is formed in the male’s body. The production
of young by the fusion of two germ-cells in this way is called
sexual reproduction.

The simplest animals can reproduce by asexual methods.

e

individval

F16. 95. AsexvaL ReprobucTioN IN HYDRA

The smaller individual, developed from a bud, has not yet broken away from the parent.
See also Plate 13.

2. ASEXUAL METHODS

The simplest form of asexual reproduction occurs when an
organjsm splits into two halves, each of which later becomes like
its parent. We can observe this process in bacteria (p. 210) and
in some of the smaller forms of pond-life (p. 226). This process of
division is called binary fission (L., fissus, cleft), and is said to be
asexual because it does not involve the fusion of differentiated cells.
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SUMMARY

(1) By using glass lenses singly or in combinations scientists
in the seventeenth century discovered the details of structure in
living things, which were invisible to the naked eye.

(2) Certain men had a great influence on biology by their
discoveries with the microscope. Hooke, Grew, Malpighi,
Swammerdam, and van Leeuwenhoek are especially famous for
their work.

SUGGESTION FOR HOME STUDY

Write an account of the lives of Malpighi, Swammerdam, and van
Leeuwenhoek and discuss the importance of their discoveries.



CHAPTER XX
BACTERIA AND VIRUSES

Now I will explain to you what the law of diseases is, and from what
causes the force of disease may suddenly gather itself up and bring
death-dealing destruction.

LucreTius, De Rerum Natura

THE size of a living organism bears no relation to its influence on
other living things. The soil, the air, water, and the bodies of
animals contain countless minute organisms, without which life
as we know it would be impossible. These bacteria (Plates 23 and
27) (Gk., bakterion, small rod), as they are called, bring about the
decay of dead organisms and change the chemical substances
contained in them to a form in which they may be absorbed by
living plants. Bacteria also bring about chemical changes in
other organic materials, and so cheese and vinegar are made
from milk and sugar respectively through their agency, while
they also influence many other industries. Many bacteria live
only in the bodies of man and other animals, where thcy may
cause diseases to occur.

Some other, even smaller, organisms, called viruses (Plate
27) are also found in living bodies, and cause disease in animals
and plants. Viruses, in contrast to bacteria, have not been
observed to reproduce outside living organisms. When we speak
of diseases caused by microbes or germs we generally refer to
those caused by bacteria or viruses, although, strictly speak-
ing, the terms microbe and germ could refer to any small
organism which causes disease.

1. BACTERIA

Individual bacteria are too small to be seen by the naked eye.
The different types of bacteria range in size from o-5u to 104 in
length. Even by using a microscope we can see but little of their
internal structure, though we can distinguish their shape.

Bacteria fall roughly into three groups, their position in one
or other depending on whether they are spherical, cylindrical, or
spiral in shape:

(1) The Coccus (Gk., kokkos, seed). Spherical forms are
called cocci. They either group together in clumps like bunches

208
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of grapes (staphylococci) or are attached to one another like a
string of beads (streptococci).

(2) The Bacillus (Plate 23) (L., bacillum, small stick).
Rod-shaped forms are called bacilli; some are provided with
fine, whip-like hairs which help them to move, though the
majority are stationary.
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I'1c. 103. SOME BACTERIA VIEWED THROUGH A MICROSCOPE
‘The bacteria shown are those responsible for certain diseases in man. A single human

red corpuscle of blood has been drawn to the same scale for comparison.

(3) The Spirillum (L., spirillum, small coil). Corkscrew-
shaped forms are called spirilla, or spirochatz, and swim vigor-
ously with a twisting motion.

Some bacteria do not clearly belong to any of the above groups,
but wherever possible they are placed, for the sake of conveni-
ence, in the group to which they bear the most resemblance.

Bacteria feed on a variety of substances, different types favour-
ing different foods. Thus we find some types living in the soil,
others infecting the living bodies of animals, while others feed on
dead organisms only. When bacteria have absorbed the chemical
compounds which they require as food they convert them in
their bodies and excrete any unwanted material.

(o}
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Sometimes the chemical substances excreted by bacteria are
poisonous to other living organisms, which is the reason why
infection by bacteria may cause disease. In this way great
numbers of diphtheria bacteria in the throat may produce poisons
which will kill the infected person, whereas the many millions of
lactic-acid bacteria which we drink in milk do not produce
poisons, and therefore do not harm us. Any poisons produced by
bacteria are called toxins (Gk., toxikon, a poison).

Fortunately, relatively few bacteria produce toxins, and so
among the enormous numbers of bacteria to be found everywhere
few are pathogenic (Gk., pathos, suffering; genos, offspring), or
disease-producing. .

Bacteria reproduce rapidly by splitting in half, each division
occurring every twenty or thirty minutes under favourable con-
ditions. A single bacterium might therefore give rise to about
seventy-five billion offspring in twenty-four hours. Conditions,
however, are rarely so favourable as to permit such rapid growth.
Lack of food or the accumulation of the bacteria’s excretory pro-
ducts limits reproduction.

When bacteria enter living organisms or reach some other
material which can serve them as food they first go through a
period of slow growth as they become accustomed to their sur-
roundings. A period of very rapid growth then follows, but as the
food becomes less or the bacteria poison themselves by their
excretory products, or are attacked by the body’s defences, they
decline and die.

Some bacteria, however, do not die in unfavourable conditions,
but pass into a resting stage. In order to do this they form a
hard, resistant wall round their bodies, so becoming what are
called spores (Gk., sporos, seed), and in this form they can with-
stand high temperatures which would kill them in their active
state. Thus the spores of the anthrax bacillus will retain their
vitality for at least fifteen years and withstand, when dry, tem-
peratures of over 100° C., while the same bacillus in its active
state is killed by temperatures greater than 50° C.

2. THE Lire or Louis PASTEUR

The name of Louis Pasteur is especially remembered for his
researches on bacteria, which laid the foundations for the science
of bacteriology. Pasteur was born in 1822, in the town of Dole,
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France, and went to school in the town of Arbois, where his
father owned a tannery. In 1838 he travelled to Paris, in order
to enter the Ecole Normale, but his health broke down, and he
was forced to return. He went to study, however, at the college
at Besangon, and there, at the age of eighteen, he was awarded
the degree of Bachelor of Letters. For some years Pasteur taught
at Besangon, and then he went to Paris once more to study at the
Ecole Normale. Tt is interesting to note that the examiner in his
entrance examination to this institution observed that his chemis-
try was “mediocre” only.

In Paris Pasteur came under the influence of the two great
chemists Dumas and Balard, who encouraged him to pursue his
researches in chemistry. Pasteur therefore began the study of
the crystalline structure of certain chemical compounds, and he
made the important discovery that in the case of a variety of
tartaric acid, racemic acid, and in various compounds, two
crystalline forms exist, which he found differ only in their physical
action, and which can be separated by a species of mould.

This employment of a living organism in chemical research led
Pasteur to his classical discoveries on fermentation and decay,
during which he discovered that fermentations do not occur in
the absence of bacteria, yeasts, or certain other living organisms
(p. 190). .

Pasteur later applied his energies to the study of those bacteria
which cause diseases in man and other animals. Pasteur found
that, just as each fermentation is dependent on the presence of a
particular organism, so also are many diseases dependent on the
presence of particular bacteria.

In 1865 Pasteur was asked to investigate a disease which at that
time was causing widespread destruction among the silkworms of
Europe. After a great deal of patient work he identified the agents
responsible for this disease, and suggested means for preventing
its recurrence. These discoveries brought Pasteur fame and
wealth, but he wished to continue his studies on fermentation,
so in 1871 he returned to the study of fermentation with the
object of improving the beers of France, and he spent some years
on this work.

Eventually, however, Pasteur returned to the study of diseases,
and made discoveries in this field which have made his name
famous throughout the world. He first investigated the disease
of anthrax, which at that time caused great mortality among
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cattle and sheep. By employing the methods which he had
used in his fermentation studies Pasteur was able to obtain pure
cultures of the bacillus responsible for this disease, and so he
gained a greater insight into the nature of the disease. Later he
turned his attention to various diseases in man, including
puerperal fever.

Pasteur’s greatest work, however, was yet to come. In 1879,
while working on the disease fowl cholera, he discovered a means
of rendering birds immune to this disease, and later he extended
the method to permit the immunization of sheep and cattle
against anthrax. Finally the supreme test, that of immunizing
a human being against disease, was made. In 1885 Pasteur and
his helpers were investigating the disease of hydrophobia, which
is given to man by the bite of a mad dog, when a young Alsatian
boy named Joseph Meister travelled to Paris covered with
wounds from the bites of a mad dog. Without treatment he would
undoubtedly have died of hydrophobia, but Pasteur treated him
by the method of inoculation which he had developed, and after
some weeks it was clear that the boy would not develop the disease.

Pasteur died in 189p, after a lifetime spent on scientific research
which had brought him great honours and financial rewards.
He left behind as a memorial great discoveries in crystalline
chemistry, fermentations, and disease, including the discovery of
artificial immunity, which to-day protccts mankind from so many
diseases, against which previously no protective measures were
possible.

3. FERMENTATION AND DEcCAY

The apparently spontaneous chemical changes by which milk
will in time become sour are well known. Such fermentations
are characteristic of a wide range of organic materials. In due
course they lead to decay, and it is by such chemical reactions
that the dead bodies of animals and plants are destroyed as such
and converted into simpler chemical substances.

Formerly the processes of fermentation and decay were
believed to be inevitable, self-regulated chemical changes in
organic materials, until in 1857 Louis Pasteur (Plate 21)
produced convincing proof that decay will only occur in the
presence of minute living organisms, by whose activities chemical
changes are brought about.

When milk is allowed to stand for some days a substance



BACTERIA AND VIRUSES 213

called lactic acid is produced by the conversion of lactose, or milk
sugar, according to the following reaction:

C;H,,0,, + H,0O = 4 CH,;.CH(OH).CO,H.
Pasteur examined soured milk and found in it a great number
of ‘rod-shaped corpuscles,” which were later called bacteria.

He transplanted some of these ‘corpuscles’ into solutions of pure
sugar and ammonium salts and showed that their multiplication

Dust and bacterial
spores collect here

Sterile

ligquid in tlask

remains clear
and fresh

N

Fic. 104. ONE TyPE OF FLASK USED BY PASTEUR TO SHOW THAT
PUTREFACTION WAS BROUGHT ABOUT BY THE ACTIVITY OF BACTERIA

was accompanied by the transformation of the sugar into lactic
acid.

Subsequent researches showed that milk and other organic
materials will not decay if they are first heated, in order to destroy
any living organisms present, and then enclosed in such a way
that no bacteria nor fungi can reach them (p. 1go and Fig. 104).
This is the principle adopted so widely to-day in the canning of
foodstuffs. Moreover, researches showed that particular species
of bacteria brought about particular chemical changes. Thus,
whereas lactic acid bacteria convert sugar into lactic acid, acetic
acid bacteria convertesugar into acetic acid, or vinegar. The
differences in the chemical changes are related to the differences
in the metabolism of the various species.

To sum up, therefore, no fermentation or decay takes place
without the agency of living organisms, and for every fermentation
there is a particular organism.

Pasteur’s work on fermentation had important practical
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applications. If wine is heated at from 55° C. to 60° C. the
activities of vinegar-forming and other bacteria are checked, and
so the wine remains fresh, while its flavour does not suffer by the
process. Milk is also treated in this way to destroy any dangerous
bacteria in it, such as those which cause the disease of tuber-
culosis. The process of sterilization of wine and milk by gentle
heating is called Pasteurization (see Plate 22).

4. Disease AND DEFENCE

Many diseases are caused by the toxins produced by bacteria.
A list of some types is given below:

BaciLu SPIRILLI
diphtheria relapsing fever
typhoid tick fever
tetanus (lockjaw) syphilis
tuberculosis (Plate 23)
bubonic plague

STREPTOCOCCI StAPHYLOCOCGI
blood-poisoning boils
pneumonia pimples

cerebro-spinal fever
scarlet fever

Some persons are especially susceptible to disease, while others
are rarely ill. We may look, therefore, for some explanation of
immunity, choosing for our examples two diseases which attack
young people.

(a) Diphtheria is a disease caused by the Bacillus diphtherie,
which lodges in the throat and manufactures deadly toxins,
which may even stop the beating of the heart and cause death.

(b) The spots, boils, and pimples which we most of us suffer
from at one time or another are usually caused by staphylococci
which settle in the skin at the base of a hair or sweat-gland. The
toxins which they produce are generally localized, however, and
are not dangerous.

When pathogenic bacteria enter the body they are attacked
first by white blood corpuscles and later by chemical substances
called antibodies. The white corpuscles, together with other
cells which also devour bacteria, are called phagocytes (Gk.,
Dhagein, to eat; kytos, hollow) (Plate g).
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A remarkable sequence of events occurs when any irritant
enters the body, whether it be a thorn, a poison, bacteria, or
some other toxic matter. First, large numbers of white blood
corpuscles and other phagocytes accumulate near the damaged
tissues. Next, the blood-vessels, including the capillaries, dilate
and allow’the white corpuscles to pass through their walls, which
enables them to reach the damaged tissue. The dilation of the
blood-vessels is followed by an increase in the quantity of blood in
that area and an escape of lymph from the vessels to the neigh-
bouring tissues, which consequently appear red and swollen.
Such a condition is known as inflammation. This inflammation
is increased by warmth, and we therefore apply poultices or other
hot fomentations to the inflamed area to hasten the release of
phagocytes from the blood.

Meanwhile the white blood corpuscles, together with more
phagocytes from other regions of the body, gather round whatever
irritant has entered the body and attempt to devour it.

The blood now also prepares the chemical antibodies against
the infection if it is caused by bacteria or viruses. '

If the infection is localized and can be dealt with by the
phagocytes and the antibodies, as in the case of a boil, the patient
will merely feel pain in the affected area, while a yellow fluid
called pus, containing phagocytes, lymph, and the irritant will
probably escape through the skin in the later stages. However,
if the infection is not localized nor kept under control, poisons
will circulate in the blood, as is the case with diphtheria, and
by interfering with the heat regulation centres in our bodies will
cause a rise in our body temperature, a condition we call fever.

Our immunity to bacterial diseases will therefore depend on
the readiness with which our bodies will form antibodies against
any germ which enters.

Squeezing a deep boil or pimple in order to remove pus may
damage near-by- cells, and so defeat its object by allowing
bacteria in the boil to spread into near-by tissues, which will
cause even greater infection.

k3

5. ANTISEPTIC AND AsEpTic METHODS: LORD LIsTER

Prior to the nineteenth century surgery was usually attended by
great mortality. Anesthetics had not yet been used to ensure
unconsciousness of the patient, and the pain and shock of opera-
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tions often proved fatal. Putrefaction and decay of the wound
was then an even more general and more puzzling cause of death.

While Pasteur was investigating the causes of putrefaction and
fermentation, a young English surgeon, Joseph Lister (1827-1912),
impressed by Pasteur’s theories of the relation of micro-organisms
and disease, applied them to hospital practice.

Joseph Lister (Plate 20) was the son of a London wine merchant,
who himself contributed much important work on lenses. In 1860
he became Professor of Surgery at Glasgow University, where
he performed much valuable research work, of which the most
notable was his discovery of antiseptics.

Impressed by the great mortality of surgery (45 per cent. of
amputation cases died in those days), Lister noticed that those
cases which healed were generally those that were free from
putrefaction. Pasteur’s work on fermentation suggested that
wounds kept free from infection by micro-organisms would
remain healthy, so Lister looked for some means to effect this.
Pasteur’s method of sterilization by heating was clearly inapplic-
able to wounds, and so Lister looked for chemical substances
which would kill bacteria but would not damage the body’s
tissues. He found that treatment of the operating instruments
and the wound with carbolic acid prevented putrefaction, since
it killed the micro-organisms present and so aided healing.

Such chemicals, which kill bacteria but do not greatly damage
delicate tissues, are called antiseptics (Gk., anti, against; sepsis,
putrefaction).

In 1924 Professor (later Sir) Alexander Fleming, of London
University, described the results of experiments which he had
made to test the effect of carbolic acid and other antiseptics on
bacteria and the human body. He found that antiseptics in
general have a more destructive effect on white blood corpuscles
than on bacteria; in fact, that the application of antiseptics to
an already infected wound is more likely to have harmful than
beneficial effects. The value of antiseptics would seem to be
limited to the prevention of bacterial infection.

Surgery is to-day performed under aseptic conditions. All
the instruments used are first heated to a high temperature to
destroy bacteria, the surgeon and his assistants wear sterile
clothing, and the operating theatre is kept scrupulously clean.
In these ways the risk of any bacteria reaching the wounds of
the patient is greatly reduced.
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6. ARTIFICIAL IMMUNITY

While Pasteur was investigating the disease of chicken cholera
he made a lucky mistake that was to have important consequences.
He had found that a small drop of the cholera bacillus culture
would kill any chicken if it were inoculated with the culture. But
one day Pasteur accidentally inoculated a chicken with an old
preparation of the bacillus which was not powerful enough to
kill it. To his great surprise that chicken which had already
received injections of the weakened bacilli was not killed by
subsequent injections of the virulent bacilli.

Pasteur also inoculated some sheep with a culture of anthrax
bacillus which had been overheated. These sheep only became
mildly ill, and thereafter seemed immune from anthrax, since
inoculations of virulent anthrax bacilli did not kill them.
Pasteur therefore conceived the idea that animals might be made
immune from diseases by first inoculating them with a weakened
culture of the bacteria of the disease, which should be sufficient to
cause the blood to form chemical antibodies which would persist.

Then, by a daring experiment, Pasteur proved that he could
render a flock of sheep immune from anthrax by his method of
inoculation. Subsequently this method was widely used, and
in a short time the deaths from anthrax among sheep dropped
from 20 per cent. to less than 1 per cent.

The immunity secured by inoculation now forms a preventive
measure for many diseases (Plate 25). The two methods of
inoculation employed may be illustrated by reference to the
prevention of typhoid and of diphtheria.

If a person is visiting a country where the drainage is poor and
the disease typhoid is common he is well advised to receive
preventive inoculation against typhoid. In this case a number of
dead typhoid bacilli (which can be killed by heating for fifteen
minutes at 65° C.) would be injected into the blood; the chemical
substances which they produce would only mildly affect the
patient, yet they would stimulate the blood to produce anti-
bodies which will persist for several years, thus preserving the
patient from infection by living typhoid bacilli.

Diphtheria inoculation is now widely practised in Britain and
elsewhere, and there is no doubt that it prevents much disease
and death. As in the case of typhoid, a dead culture of the
bacillus is inoculated, and causes the formation of antibodies
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in the blood. Such inoculation of dead cultures, or vaccines, as
they are called, confers active immunity, and is the method em-
ployed in the widespread preventive measures against diphtheria.

In contrast, the method of passive immunity against diph-
theria is used to cure the disease, or to protect persons who are
known to have been recently in contact with a case of diphtheria.
In this case the antibodies needed for protection are not made by
the blood of the patient, but are made by the blood of a horse.

A young and healthy horse is first inoculated with a vaccine
of diphtheria germs and subsequently inoculated at intervals of a
few days with doses of increasing virulence until it can resist
inoculation of pure diphtheria toxin. About six litres of blood
are then taken from the horse and the serum is extracted and
purified. This serum contains the anti-toxin to the diphtheria
toxin. When a carefully-estimated dose is injected into a human
being it confers a passive immunity against diphtheria.

Inoculations to confer active or passive immunity against
disease have been extended to provide protection against a great
number of bacterial infections. In all cases the blood of the
patient, or of an experimental animal, is made.to produce anti-
bodies against a particular species of bacteria. Sometimes
inoculations are not easy nor suitable, and clearly it would be
preferable if we could inject chemical compounds which would
have a destructive action against any particular bacteria already
present in the body.

7. CGure BY Drucs

Until recent years the chemical treatment of diseases was
almost entirely limited to the use of drugs which would lighten
the symptoms of the disease and so help the body to make the
best use of its natural defences. Recent discoveries, however,
indicate that we may be entering a new phase, when bacteria
will be killed in the body of the patient by the use of chemical
substances produced in laboratories.

When Lister discovered that he could kill bacteria before they
infected wounds and harmed the patient scientists started to dream
of the day when they might be able to kill bacteria inside the
bodies of infected persons. Recent discoveries have made part
of that dream come true.

Modern chemotherapy (Gk., Chemia, Egypt; therapeud, cure)
has had its origin largely in the work of Ehrlich (1854~1915),
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who conceived the idea that dyes and other chemical substances
might show an affinity for bacteria without harming the tissues
of a patient. With this end in view Ehrlich and his fellow workers
searched for a compound which would kill the syphilis spirochzte
in the blood without harm to the patient. They proceeded to carry
out a systematic investigation of organic arsenical compounds
which culminated in the discovery of arsenic compound 606, subse-
quently known as salvarsan, which still has a limited use.

In the 1930’s chemists of the great German dye-firms working
at Elberfeld tried the effects of certain dyes on bacteria and found
that one red dye, subsequently marketed as Prontosil, had a
destructive effect on the bacteria called streptococci but did not
harm human tissues.

Domagk, the research worker who published an account of the
discovery of Prontosil’s action in 1935, was one of the first to
benefit by the discovery. His daughter ran a needle into her hand
and developed bad blood-poisoning. Just as she was becoming
unconscious and her condition seemed hopeless, the new drug
was tried, and cured her.

In 1935 Prontosil was tried in many countries, including
England, where it was tested in Queen Charlotte’s Hospital,
London, on cases of puerperal (childbirth) fever. Before 1935
one-quarter of those women who caught this disease died; to-day
the use of the new drugs has reduced the deaths from puerperal
fever to less than one in twenty of the infected persons.

Subsequent research work has shown that the part of Prontosil
which kills bacteria is a well-known organic chemical with the
alarming name of paraminobenzenesulphonamide. Chemists have
tested variations of this substance on many forms of bacteria,
and new discoveries are still being made. One derivative, called
sulphapyridine, or M and B 693, produced by the English firm
of May and Baker, has saved countless lives during the past few
years. For instance, in the middle years of the first Great, War
two out of every three cases of cerebro-spinal, or ‘spotted,’
fever were fatal; in the latter years of the second Great War
four out of five patients recovered from this disease. Research
work on the effects of variations of these chemical compounds on
bacteria still continues, and we may expect that a large number
of new healing drugs will soon be available to doctors.

Another recently developed discovery also induces new hope
for the fight against disease. In 1929 Professor (later Sir) Alex-
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ander Fleming published his accidental discovery that a fungus
called Penicillium notatum (Plate 24) produces a chemical sub-
stance .that will inhibit the growth of certain bacteria and
eventually destroy them. Fleming made this discovery by noticing
that this blue-green mould, which is closely related to that which
grows on jam and other foodstuffs, had accidentally entered
some cultures of staphylococci and checked their growth. More-
over, he found that an extract of the material on which the mould
was growing could be injected into animals to destroy staphy-
lococci in the blood without having any apparent ill-effects on
the white corpuscles. Subsequent researches have revealed
'means of purifying this extract, which we call Penicillin, and
have shown that it is in many respects more efficient as a germ-
killer than is M and B 693. Although it has a very destructive
action on many pathogenic bacteria, penicillin is without apparent
ill-effects on the human body. For several years following its
discovery it was difficult to produce, but it undoubtedly possesses
all the characteristics of an important weapon in the fight against
disease.

We stand on the threshold of discovery. Tuberculosis and many
other diseases are as yet practically immune against drugs.
However, the recent work on chemicals which kill bacteria in
the patient’s body suggests that we may be near the end of that
stage in the fight against disease which began when Pasteur
showed that certain bacteria cause disease and Lister applied
this knowledge to medicine.

8. THE ULTRA-FILTERABLE VIRUSES

One method of separating bacteria from fluids—for example,
blood—in which they may lie is to filter them by passing the
fluid through a fine porcelain filter, which blocks the passage
of bacteria. There are, however, certain disease-producing
organisms which will pass through the finest porcelain filter;
these are consequently known as ultra-filterable (L., ultra,
beyond) viruses, and although they are so small that they cannot
be seen by using the ordinary optical microscopes,! they are
nevertheless very important because of the epidemic diseases
which they cause. Influenza, the common cold, measles, mumps,
chickenpox, and smallpox are all the result of virus infections.

1 Viruses can be photographed through the new electron microscopes (see
Plates 26 and 27).
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The viruses (L., virus, poison) are very difficult to study because
they are so small, and because in contrast to bacteria viruses
cannot reproduce outside the body of a living animal or
plant, and therefore cannot be cultured’ on a suitable nutritious
material, as can bacteria. Once the viruses become established
inside a living body they reproduce as rapidly as do the bacteria.

Early workers expected that the viruses would be found to be
single organisms, possibly possessing something of the structure
and organization of the larger forms of life. However, fairly
recent work suggests that viruses should not be thought of
as individual organisms, but rather as amounts of chemical
substances.

This most important advance in our knowledge of the viruses
is due to the work of an American, W. M. Stanley, who in 1935
published the results of experiments on a virus which causes
disease in the leaves of tobacco plants. Stanley, by a series of
chemical reactions, extracted from a diseased plant a protein
which he could obtain as a pure crystal, yet which appeared to
have all the properties of the virus. When this protein crystal was
implanted in a tobacco plant it brought about all the symptoms
of a virus disease. Clearly the identification of a pure chemical
substance with a virus, which exhibits many of the properties of
living matter, is an important step towards our understanding
of the barrier which separates living from non-living matter.
Most of such work on viruses is still in the experimental stage,
and we cannot yet form any definite conclusions.

There is no doubt, however, of the value of further research
work on viruses. As a leading scientist has said, ‘It is abundantly
evident that a proper understanding of virus diseases and viruses
is essential for the future well-being of mankind.” In order to
illustrate this statement, let us consider the destructive power of
viruses. The great influenza wave which swept the world in 1919
caused more deaths than occurred in the whole of the preceding
War; eighteen thousand people died in London alone.  Smallpox,
before vaccination was introduced, is said to have killed nearly
two million people in Russia during one year.

Viruses also attack man’s crops and his domestic animals.
It is estimated that nearly two million pounds’ worth of damage is
done annually to the potato crops in England and Wales, while
the ravages of foot-and-mouth disease certainly cause millions of
pounds’ worth of damage in the world each year.
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The control of viruses is less advanced than is the control of
bacteria, owing to the fact that they were more recently dis-
covered. The discovery that ferrets, hedgehogs, and mice are all
susceptible to the human influenza virus may lead to some pro-
tective measures against influenza, but at present the fact that
there are many species of influenza viruses which all cause similar
types of influenza is a handicap to scientific work on this subject.
In the control of dogs’ distemper better results have been obtained.
The mortality among fox-hounds from this disease has been
lowered by inoculations from a minimum of 50 per cent. to a
maximum of 20 per cent.

IMPORTANT DISEASES DUE TO VIRUSES

Man CATTLE
Common cold Cow-pox
Influenza Foot-and-mouth disease
Measles
Mumps Doc
Chicken-pox Rabies
Smallpox Distemper
Infantile paralysis .
Yellow fever Birps
Typhus (agents may be given Fowl plague

as bacteria) (Plate 27) Fowl-pox

PranTs

‘Leaf-roll’ of potato
‘Mosaic’ of tobacco
‘Curly-top’ of sugar-beet
‘Yellows’ of peach
‘Spotted Wilt’ of tomato

9. VACCINATION

At one time the disfiguring and deadly disease called smallpox
was widespread. The present control of this disease is due to the
practice of vaccination.

This was introduced in 1798 by Edward Jenner (1749-1823),
who was born in Gloucestershire. In the countryside where he
lived there was a tradition that dairymaids who had caught a
mild disease called cow-pox from their cows did not subsequently
take smallpox.

Jenner performed his first vaccination (L., vacca, cow) on a
country boy by rubbing some matter from the cow-pox sores of
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a dairymaid into a cut on the boy’s arm (1769). Two months
later he inoculated the boy with pus from a case of smallpox. The
boy did not contract the disease.

The reception of Jenner’s discovery was characteristic of that
awarded to innovations. A few people approved it, but many
more attacked it violently. Napoleon I was perhaps Jenner’s
most enthusiastic supporter; he promptly ordered the vaccination
of all his troops that had not had smallpox. Even to-day there
are anti-vaccinationists who are more affected by the extremely
rare unfavourable reactions of the body to vaccination than by
the enormous total of human suffering spared by this method of
immunity.

To-day the vaccine, which is rubbed into scratches in the arm,
is a pure virus obtained from calves.

¥

SUMMARY

(1) Minute living things called bacteria bring about the decay
of organisms, fermentations, and disease.

(2) The chemical reactions which they cause are due to their
metabolic processes.

(3) Disease-producing bacteria exert their effects by means of
excretory materials called toxins.

(4) The animal body is protected against bacteria by white
corpuscles and other phagocytes and by chemical antibodies.
. (5) Bacteria can be killed by chemical substances called
antiseptics, or by heat. Surgical operations under conditions
free from bacteria is called aseptic surgery.

(6) Immunity to bacterial and virus diseases is achieved
artificially by inoculations.

(7) Some chemical substances produced in the laboratory kill
certain bacteria, but do not harm the body.

(8) Ultra-filterable viruses, which are organisms smaller than
bacteria, cause diseases in animals and plants.

SUGGESTIONS FOR HOME STUDY
(1) Distinguish between (@) natural immunity, (b) active immun-
ity, and (c) passive immunity, the two last being artificially produced.
Give examples.
(2) Write short notes on (a) fermentation, (b) decay, (c) aseptic
surgery, (d) antiseptics, () penicillin.
(3)  What happens when disease-producing bacteria enter the body?



CHAPTER XXI
PROTOZOA AND ALGA

A little one shall become a thousand.
Isaiah, 1x, 22

1. FrREg-LIvING ‘CELLS’

THE bodies of most animals and plants are built of numerous
units called cells, but there are also some organisms whose minute
bodies appear to be composed of one cell only. Some of these
living organisms live in soil, the sea, or fresh water, while others
inhabit the bodies of animals.

Many of thesc unicellular organisms, as they ate called,
feed as plants do, by photosynthesis; others feed like animals
on the living or dead bodies of other organisms. Botanists call
the plant-like forms algz (L., alga, seaweed) and include them in
the phylum Thallophyta; zoologists call the animal-like types
protozoa (Gk., protos, first; zoon, animal). In our survey of
these organisms we may avoid the difficulties of estimating the
value of this classification by referring all these types to one group,
the unicellular organisms.

A unicellular organism usually has a body consisting of a mass
of protoplasm, which contains a nucleus and is bounded by a
cell-wall. In these respects it resembles a body-cell in higher®
animals or plants, but differs from the latter in the varied func-
tions which the cytoplasm may perform. Often certain portions
of the cytoplasm are specialized to perform one function. For
example, some of these organisms move by the action of vibrating
‘hairs,” or whip-like lashes, on their bodies; some have eye-spots
to guide them to light; a few even form shells to protect their
bodies.

Most unicellular organisms live freely in sea and fresh water,
where they are found in very considerable numbers. If we were to
leave a glass jar, containing some pond or river water, in sunlight
for a week or so we should find that the sides of the jar would
become coated with a green slime, and that the water also
became green. In both cases the colouration is due to the presence
of innumerable plant-like unicellular organisms. We should also
find protozoa, which would be present in still greater numbers

224
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Jugare, to yoke) often occurs, during which two paramecia fuse,
and later divide to form eight new individuals (see Plate 16).

Paramecium preserves a regular ‘slipper’ shape by means of
a stiff cell-wall, and is therefore sometimes called ‘the slipper-
animalcule.’

Euglena viridis. Euglena is another unicellular organism found
in ponds. Euglena is much smaller than Amceba or Paramecium,
and can only be seen with difficulty under the low power of the
microscope. However, it can easily be recognized by its jerky
motion through the water, which is in contrast to the smooth
movement of Paramecium. It moves by the beating of a single
long whip-like lash called a flagellum (L., flagellum, whip).

Euglena usually feeds like a plant, by the aid of chlorophyll,
and has an orange eye-spot to guide it to the best position for
obtaining light for photosynthesis to occur.

Euglena reproduces like Amceba, by simple division. Occasion-
ally Euglena may lose its chlorophyll and feed in a manner more
like an animal, by absorbing organic matter. For this and other
reasons, therefore, Euglena is generally included by zoologists
in the phylum Protozoa, while botanists place it in the phylum
Thallophyta.

Chlamydomonas. This organism resembles Euglena in many
respects, but it is almost spherical and it moves by the beating of
two flagella.

Protococcus. Protococcus is an example of a unicellular plant
which differs from most other unicellular types in its ability to
live out of water. The green, powdery coating often seen on
trees, fences, and rocks is composed of many individuals of the
genus Protococcus. Protococcus contains chlorophyll, and feeds
like a plant by means of photosynthesis.

Shells and Capsules in Protozoa. Some protozoa form shells,
capsules, or spicules, which strengthen their bodies. Where
these forms occur in very great numbers, their remains often form
considerable deposits. The marine protozoa belonging to the
orders Foraminifera and Radiolaria are especially important
in this respect. The skeleton of a member of the order Foramin-
ifera often consists of a perforated shell through which fine
cytoplasmic processes project (see Fig. 107). Members of the
order Radiolaria each form a skeleton, which consists of a central
capsule, often strengthened by spicules. Members of these two
orders often occur in very great numbers in the sea, and the
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skeletons left by dead individuals may contribute to the formation
of ocean-floor deposits. Chalk very largely consists of the skeletons
of long-dead Foraminifera or Radiolaria.

2. MALARIA

Few European travellers to the East escape malaria.! This
disease is characterized by a sudden fever, which rises to a climax

Magnification(x /1500
g approx%;tate/y)

EUGLENA /1) N CHLAMYDOMONAS
- ° (x 3000 approximately)

PROTOCOCCUS{x 600) POLYSTOMELLA(x 20)

Fic. 107. SoME SINGLE-CELLED ORGANISMS

These fig: are diag ic. Polystomella belongs to the order Foraminifera.

every three or four days until the victim either conquers it or dies.
Even if a sufferer from malaria recovers from the disease the
organism responsible for it may still remain in his blood and bring
on other attacks after a period of some months or even years has
elapsed.

A unicellular organism called Plasmodium is responsible for
the disease malaria and lives on the red blood-corpuscles of man,
producing poisons which may kill the host. Organisms which
live thus on other living things are called parasites. In England
cases of parasitism are fortunately rare, owing to the clean con-

1 Malaria is now rare in the British Isles, though in past centuries it was a fairly
common disease.
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ditions of life and the low temperature which do not favour the
parasite. In tropical climates, however, parasites are a serious
problem. Single-celled organisms and parasitic worms undermine
the health of the populations, both European and native.

MOSQUITO
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Fi1c. 108. DIAGRAMMATIC LIFE-HISTORY OF THE MALARIAL PARASITE,
PLASMODIUM VIVAX

In the upper figure an anopheline mosquito is shown in the act of ‘biting’ a man. The

body walls have been opened to show contents of the stomach nnd the mouth pam

are enlarged. In the lower figure stages in the life-h of P are

relation to blood-corpuscles, and they are superimp on the perature chart of the
patient.

The malarial parasite, like most other parasites, hag a com-
plicated life-history (Fig. 108). It spends its life in two host
animals, man and the mosquito. We may begin our study of the
life of the malarial parasite at the moment when it enters a man
by the bite of a mosquito.
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As a female mosquito of the genus anopheles bites a man and
sucks in his blood, her saliva, which often contains many malarial
parasites, may enter the wound and infect the blood-stream.
The single cells of the malarial parasite (1) find their way to
blood corpuscles, which they enter (2). The malarial organism
then divides many times inside the blood-corpuscle (3, 4), and
the new individuals so formed are
liberated into the blood plasma, to-
gether with poisons (5), causing an
immediate rise in the temperature of
the patient. In one species, Plasmo-
dium vivax, the products of division
are released after three days, causing
what is known as ‘tertian ague’ (L.,
tertius, third). Other species, P. falci-
parum and P. malarie, release their
products of division every four days,
or after an indeterminate period, re-
spectively.

This rapid reproduction may con-
tinue until billions of blood-corpuscles
contain malarial parasites and the
patient is very ill. After some time,
however, the asexually reproducing
forms develop into sexual forms (6,

1), which can only continue their life-
Fio. 109 Tue TRYPANOSOME  }istory if the infected man is bitten
SICKNESS by a mosquito. If this happens the

ﬁ,,"“bf;,"‘,‘:;";{,‘ m'ﬁ}:‘:‘;‘;,,fg;;gﬁ sexual forms pass into the stomach of

give some idea of the size of the  the mosquito, and there form eggs

and sperms.

The female sexual cell (86) forms one egg (9b). The male
sexual cell (8a) forms a number of sperms (ga). One sperm
fertilizes one egg, and the resultant zygote (10) wriggles into the
stomach-wall, where it becomes enclosed in a capsule. The
protoplasm of the zygote divides inside this capsule to form a
number of elongated cells, which migrate to the salivary glands
of the mosquito (11) and remain there, to be injected in the
saliva when the infected mosquito bites another man.!

1 The methods by which the spread of malaria is checked are discussed in a later
section (pp. 264~267).
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3. SLEEPING SICKNESS

Another disease caused by a unicellular parasite renders large
areas of Africa uninhabitable. This disease, called sleeping
sickness, is caused by a parasite known as a trypanosome ;
these trypanosomes are carried from one host to another by the
tsetse-fly, in which some stages of this parasite’s life-history are
passed. Trypanosomes infect insects, plants, and most animals
in Africa without causing much damage to their hosts. In man
and his domestic animals, however, some species infect the spinal
cord and brain, and bring about loss of consciousness and death.
The future of Africa may largely depend on the successful control
of the tsetse-fly, for at present certain regions of Central Africa
cannot be entered by man or his stock without great danger.

SUMMARY

(1) There are many minute living organisms which have bodies
that are apparently composed of one cell only. Some of these
feed as plants do, while others are clearly animals by their
methods of feeding. Others of these unicellular organisms live
as parasites in the bodies of other living organisms.

(2) The malarial parasite and trypanosomes are economically

important types. This conclusion arises from a discussion of their
influence on mankind.

SUGGESTION FOR HOME STUDY

In what ways do Amceba, Euglena, and the malarial parasite

(a) rescmble, and (b) differ from, a typical animal or plant cell, and
from each other?



CHAPTER XXII
THE FUNGI

A general flavour of mild decay.
O. W. HorMmes, The Deacon’s Masterpiece

A croup of living organisms called Fungi! resemble plants in
their branched bodies and in their methods of reproduction, yet
many feed saprophytically (Gk., sapros, rotten; phyton, plant)
on organic substances, in a manner somewhat similar to that
practised by some parasitic animals. Chlorophyll and the activity
of photosynthesis do not occur in fungi. They comprise what we
know as moulds, together with forms like mushrooms and yeast.
They cause many plant diseases, and are therefore of great
economic importance.

1. Mucor: THE PIN-MouULD

Many organic substances, such as bread, jam, leather, or
cooked foods, will, when left for some time in damp places,
become covered with ‘mould.” This mould, which forms as a
dense meshwork of threads, comprises the bodies of saprophytic
fungi. Some of these are blue-green in colour (Penicillium?),
others are white (Mucor), and some are brown or black (Asper-
gillus). Fungi of the genus Mucor are common white forms which
can easily be obtained for practical work by leaving a piece of
bread soaked in water for a few days. The anatomy, physiology,
and mode of reproduction of Mucor is fairly typical of fungi,
and a description of Mucor will serve to illustrate their main
features.

The body of Mucor, which is known as the mycelium (Gk.,
mykes, fungus), consists of a mass of branching threads called
hyphez (Gk., hiyphe, a web). Each hypha is a continuous tube
of fungus-cellulose, lined with protoplasm, in which numerous
nuclei are embedded. The mycelium lies in the food material

1 The exact position of the fungi in relation to other organisms is still a matter of
dispute. Some authorities classify them as plants in the phylum Thallophyta; others
refer to place them in a Kingdom of their own, distinct from the Animal and Plant

oms. .
2 See Chapter XX (p. 220).
232
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on which the fungus is living, where it absorbs organic matter
over all its surface.

Mucor, when growing on the surface of jam, absorbs glucose
in solution, together with oxygen from the air, and performs
normal aerobic (Gk., aer, air) respiration, so releasing carbon
dioxide, water, and free energy. In the deeper layers of the jam
the mycelium of some species of Mucor may respire anaerobic-

Stages /n
sexual/ reproductrion

200 v

Scale
Fi6. 110. DIAGRAMS TO ILLUSTRATE THE LIFE-HISTORY OF MUCOR

4, a small portion of a mycelium, bearing three erect Sporangiophores; B, a section
through a single sporangium; C1, an early stage in the fusion of two gametangia;
C2, the mature thick-walled Zygospore,

ally (i.e., without air), and if this is the case the glucose is con-
verted into carbon dioxide and alcohol. We sometimes notice
the taste and smell of alcohol in jams which have been fermented
by the respiratory activities of Mucor.

Researches on the subject of another mould, called Aspergillus
niger, have shown that when this fungus is not growing, or is
growing very little, the amount of heat and of carbon dioxide
given off is such that we may reasonably suppose that almost all
the glucose which is being respired is completely broken down to
carbon dioxide and water, and that the free energy is being dissi-
pated as heat. However, when the mould is growing we find that
the heat released is many times greater than we might expect
from the amount of carbon dioxide liberated. Moreover, the
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amount of carbon dioxide liberated is less than we might expect
to be produced from a complete respiration of all the glucose
absorbed by the fungus. In fact, the interpretation of these
results suggests that an important aspect of respiration in fungi
is the formation of compounds, intermediate between sugar and
the final products of respiration, which may serve to build the
body of the fungus

After a certain period of growth Mucor develops reproductive
organs, which are of two main types.

Asexual reproduction. The commonest method of reproduction
in Mucor, as in most fungi, is by the production in great numbers
of single cells, called spores, which %re small enough to be
scattered by the wind, and can withstand a certain amount of
dryness or change of temperature; when one of these settles on
any food material it will germinate to form a new mycelium.

The reproductive process is as follows. Upright hypha grow
above the food material and bear spore-cases on their tips. Each
aerial hypha, which is known as a sporangiophore, becomes
swollen at its apex and densely filled with protoplasm. A cross-
wall separates the apex from the rest of the sporangiophore, and
within this apex, called a sporangium, the spores develop. As
many as a hundred spores may form in each sporangium. The
sporangia and sporangiophores resemble pins in appearance, and
give Mucor the name of ‘the pin-mould.’"

A projection called the columella (L., columella, small column)
extends into the sporangium from the sporangiophore, and
eventually contributes to the bursting of the sporangium wall and
the liberation of the spores, which are borne away by the air.

When the spores settle on a suitable food material they germin-
ate within a few hours, each spore giving rise to a new mycelium.

Sexual reproduction. Asexual reproduction is in fungi generally
found associated with a plentiful supply of food, for when food
becomes scarce they reproduce sexually. The process of normal
spore formation involves no nuclear behaviour beyond nuclear
division, and is therefore termed asexual, whereas in another
type of spore formation, practised by Mucor, the.formation of a
resistant spore is preceded by the fusion of nuclei, and is therefore
regarded as a sexual process.

The sexual reproduction of Mucor begins with a process
called conjugation. Two near-by hypha approach one another,
and their tips meet. These tips, which are called gametangia
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(Gk., gametes, husband; angeion, vessel), become cut off from the
mycelium by the formation of cross-walls. Each gametangium
is filled with protoplasm, which contains many nuclei. Eventually
the walls between the two gametangia break down, and the
nuclei from both fuse together in pairs.

When the nuclear fusion has taken place the whole structure
develops a greatly thickened dark wall, and is called a zygospore,
which is very resistant and remains dormant for several months.
When, under suitable conditions it germinates, it gives rise
directly to a sporangiophore and sporangium, and the asexual
reproduction of the fungus immediately begins again.

Mucor lives principally on non-living organic matter, and
therefore does little direct harm to other living organisms,
although it may give rise to economic loss by contaminating
food; many fungi, however, live as parasites on the bodies of
plants, which consequently become diseased. Some of these,
such as the potato-blight fungus, grow on man’s crops, and
produce serious economic effects.

2. THE POTATO-BLIGHT

Potato-blight is a widespread disease which usually appears
in Britain about the end of July and is fest observed on the
leaves of the plant. These lose their green colour and become
spotted with yellow patches, which soon turn black. Around the
margin of each black patch is a border of white, which resembles
fine flour.

In damp weather the fungus causing the disease spreads
rapidly from plant to plant, and, after destroying the leaves,
attacks the stem, and may in a few hours reduce the whole potato
plant to a foul-smelling, decomposing mass of debris.

Potato-blight is caused by the attacks of a fungus called
Phytophthora infestans. The mycelium of the fungus permeates
the tissues of the leaves and stems, and feeds on them parasitically.
In damp weather branched hyphz grow outward through the
leaf surface, usually making their way through stomata. Small
oval spores, called conidia, are borne on the tips of these branched
aerial hyphz. The conidia are light, and are spread by the wind.
When they alight on other potato plants they will continue their
development if they can find a film of dew or rain-water. Each
conidium divides, forming between six and sixteen active cells,
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which are called zoospores. These can swim by the action of
two hairs called cilia, but they soon come to rest and develop a
long tube, which penetrates the leaf of the plant and, once it is
imbedded in the leaf-tissues, forms a new mycelium.

The life-history of the blight fungus is incompletely known,

Zoospores

Frc. 111. LIFE-HISTORY OF PHYTOPHTHORA INFESTANS, THE POTATO-BLIGHT

A, a branched hypha, bearing conidia, pr(;jecting from the lower surface of a leaf;
B and G, successive stages in the formation of zocspores within a conidium; D, a single
zoospore, which in E is shown entering a leaf through a stoma.

and we do not yet know certainly how the fungus survives the
winter.

3. THE MusHrOOM

The mushroom, together with its near relations, the toadstools,
is found in fields, woods, and other places, and is a fungus
resembling Mucor in many respects. Mushrooms and some
toadstools can be eaten, but since many toadstools contain deadly
poisons the distinguishing of the edible varieties should be left
to the expert.

Agaricus campestris, the common mushroom, lives in the soils
of grass pastures, especially when these are well manured. The
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mycelium of the fungus grows beneath the surface, and it is
only the reproductive bodies that are normally used for i0od.
The hyphz are branched and many-celled, and are woven
together to form strands. When the mushroom has reached a
certain size reproductive organs form. Each of these fructifica-
tions consist of a thick stalk (the stipe), supporting an umbrella-
like expansion (the pileus), on the underside of which there are a
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F16. 112. AGARICUS CAMPESTRIS: THE MUSHROOM

A, small portion of the underground mycelium bearing three aerial fructifications at

various stages of development; B, horizontal longitudinal section through a small portion

of a mature gill (lamella); C, more highly magnified view of a small portion of B to show
the development of spores.

very great number of pink-brown leafy gills, or lamelle (L.,
iamella, small plate). Irternally the pileus and stipe and lamellz
are built up of densely packed hyphz.

A very great number of spores are produced on the surfaces
of the lamellz. Cells called basidia (L., from Gk., basidion, small
base), which are separated by sterile cells, form the surface layer.
Each basidium possesses in its early stage two nuclei, which later
fuse; the fused nucleus then proceeds to divide twice. The
resulting nuclei pass into the two basidiospores produced by
each basidium. The basidiospores are wind-borne; under suit-
able conditions each germinates to form a new mycelium.



238 MAN AND OTHER LIVING THINGS

In many essentials the mushroom resembles Mucor. Like
most fungi both are saprophytes and have a body consisting of a
mycelium of hyphz; both reproduce asexually by means of
spores. Points of difference are apparent in the details of spore
formation, however, while, with the possible exception of the
fusion of nuclei in the basidium, there is no sign of any sexual
process in the mushroom. The hyph also differ in structure,

Nucleus

Nuc/lear vacuole

Glycogen granule

. —2E
Scale
Fic. 113. YEAst

A single individual, highly magnified, and a small portion of a colony to show budding.

those of Mucor being continuous, whlle those of Agaricus are
divided into many cells.

4. YEAsT

If you should enter a bakery or brewery and ask for yeast you
would be handed a curiously-smelling substance, in appearance
not unlike rubber or cheese and with about the same consistency
as the latter. Take a piece of this home with you and examine
it under the microscope. Its living nature becomes more ap-
parent.

Yeast is a fungus belonging to the genus Saccharomyces. The
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yeast which we obtain from a brewery is nothing more than
millions of living individuals, each of which is oval in shape and
possesses a nucleus, which lies near a peculiar-looking cavity
called a nuclear vacuole. There is little in the appearance of
yeast to suggest that it could be useful to man, yet every year
countless yeast-cells all over the world help mankind in the
processes of bread-making, wine-making, and the brewing of
beer.

The peculiar property of yeast which makes it so useful to man
is its method of respiration. It usually does not breathe in the
same manner as do the majority of living things, for while, like
animals and plants, it respires sugars to give energy, it accom-
plishes this process without the use of oxygen. This type of respiration
is called anaerobic. It is effected by means of the action of
enzymes, a group known collectively as zymase being respon-
sible in this case. The products of this reaction also differ from
the products of our respiration. They are not carbon dioxide
and water, but carbon dioxide and alcohol. Here is the basic
chemical equation for this process:

CH,,0s — 2CH,OH + 2CO,
(glucose) (ethyl alcohol) (carbon dioxide)

The respiration of yeast may therefore be used as a cheap and
easy method of manufacturing alcohol from sugar; vyeast is
invaluable to us for the manufacture of wines, beers, and spirits.

The Making of Beer. There are two essential chemical
processes involved in the brewing of beer. The first is the con-
version of the starch found in certain cereals into maltose and
other sugars. The second is the fermentation of these sugars
with the aid of yeast to form alcohol.

In practice it is found that barley is the most suitable cereal to
use in the manufacture of beer, although maize, rice, oats, and
wheat could also be used. Brewing is accomplished in a number
of stages.

Stage 1: Malting. 1f barley is moistened and kept for some hours
at 10-18° C. it begins to germinate. When this occurs a number
of chemical reactions take place in the grain, including the
conversion of starch into maltose and other sugars by the activities
of the enzymes called diastase. In beer-making, therefore,
barley is first moistened and warmed, so that germination begins.
The germinating barley is called the malt.

Stage 2: Kilning, or Drying. When a certain stage in germination
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has been reached the malt is then dried and roasted in a kiln at
a temperature which is at first about 32° C. and which rises
gradually up to 93° C. Malt for pale ales is roasted at about
68° C., while malt for dark beers is roasted at the higher tempera-
tures. When the malt has been dried and roasted it may be stored
or used at once in the next stage.

Stage 3: Mashing. The malt is next crushed and mixed with

Limewater
becomes cloudy

- e e s e

Fic. 114. EXPERIMENT TO SHOW THAT YEAST GIVES OFF CARBON DIOXIDE
AS IT RESPIRES
-

hot water (about 74° C.) in a mashing vat. The diastase now acts
powerfully on any remaining starch, converting it into sugars.

The liquid which now contains these sugars, in addition to some
other chemical substances, is called the wort. The next procedure
is to drain it off into large kettles, where it is boiled with hops.
These flowers of the hop plant are added in order to impart a
slightly bitter flavour to the beer, and also because they sterilize
the wort by killing any bacteria in it.

Stage 4: Fermentation (Plate 28). After the wort has been
boiled it is cooled to about 15° C., and then run off into vats,
where yeast is added. By this time a great deal of the maltose
has been converted into glucose by the action of an enzyme
called maltase, which is present in germinating seeds. Yeast,
by means of the enzyme zymase, respires anaerobically, and so
converts some of the glucose sugar into alochol. Fermentation,
together with the formation of alcohol, proceeds most rapidly
under conditions of oxygen shortage. Yet under these conditions
the activity of the cells diminishes, and they cease to bud and
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grow. Conditions of aeration must therefore be adjusted carefully
to permit growth while not greatly inhibiting alcohol formation.
Fermentation is carefully controlled, and when a certain stage
is reached the yeast is separated, and the remaining fluid, which
is now beer, is allowed to stand for a little while and is then bottled
or placed in casks.

As we have previously noted, three main chemical processes
are involved in the making of beer. During malting and mashing
starch is converted into maltase sugar according to the equation:

2CGH,05 + H,O — C,Hy,O0y
(starch) (maltose sugar)

Maltose becomes converted into glucose, prior to fermentation,
by the action of the enzyme maltase which is present in germin-
ating seeds:

CpH3,0y  + HO - 2GH,,04
(maltose) (glucose)

During fermentation the glucosc becomes converted into
alcohol:

CH,,0s — 2CH,OH 4 2CO,
(glucose (ethyl : Icohol) (carbon dioxide)

The nature of the water used has an important bearing on the
type of the resultant beer. Burton (Stafls.) is famed for its pale
ales, while London and Dublin are noted for their stouts and
porters. Burton water contains much calcium sulphate, while
London and Dublin waters are softer, and bear more easily
removed salts.

Bread-making. Certain varieties of yeast are used by bakers
to cause their bread to ‘rise.” In the process flour, salt, yeast, and
water are mixed togcther, and knecaded into a thick paste, or
dough. The whole mixture is then kept warm. The yeast is
thereby kept under conditions favourable for fermentation, and
so it forms a little alcohol, which probably escapes during baking,
while great quantities of carbon dioxide are liberated, and form
small cavities in the dough, thus making the bread less solid, and
therefore more palatable. Eventually the loafis baked in an oven.

Wine-making. Most fruits have wild yeasts growing on them,
feeding on the sugar of the fruit. Apples arc used for cider-
making. The apple juice is squeezed from the fruit by a cider-
press and then fermented by wild yeasts to form cider.

Q



242 MAN AND OTHER LIVING THINGS

Red and white wines are made from purple or green grapes
respectively, the process being similar to that described above.

Other Uses of Yeast. Yeast contains relatively large quanti-
ties of the vitamin B,, and is therefore often used as a tonic.

Recent researches on the food-value of yeast suggest that some
yeasts may be cultivated to produce valuable food proteins to
supplement those meat proteins in our diet which are costly and
difficult to produce.

5. Funet IN GENERAL

It has only been possible to consider here a few representatives
of the Fungi, and many important groups have been left entirely
untouched. Yet our study of the four selected types—Mucor, the
blight fungus, the mushroom, and yeast—permits us to make a
general survey of the activities of this important group.

In their capacity as saprophytes they cause decay to occur in
dead organisms, and so help to destroy the remains of dead
plants and animals, which would otherwise accumulate so greatly
as to interfere with living things. Fungi and other saprophytes
cause dead matter to decay, and ultimately convert its materials
into inorganic salts, which are available for plant food.

Many diseases of plants are due to the activities of parasitic
fungi. For instance, wheat-rust, potato-blight, apple-scab, the
damping off of seedlings, and the coffee disease of Ceylon are
examples, to name but a few. Artificially cultivated crops seem
very liable to attacks by fungi.

In animals diseases caused by fungi are fairly uncommon,
but ordinary ¢ ringworm * and tinea cruris (ringworm of the
thighs) are two examples in man. Many fish and other aquatic
animals are susceptible to a fungus called Saprolegnia, which
gathers on any wound and eventually may kill the animal.
Goldfish and other fish in bowls or aquaria often die because this
white fungus clogs their gills and stops their breathing.

The chemical activities of yeast are utilized for the fermentation
of wines and beers, while mushrooms and some other fungi are
eaten as food.

Certain chemical compounds derived from fungi are valuable
in the laboratory and in medicine (see Chapter XX, p. 220).
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" SUMMARY

(1) Fungi have bodies and methods of reproduction not
unlike those of plants, but they feed on organic matter like some
animals.

(2) Some, like Mucor, feed on decaying matter; others, like
the potato-blight, are parasites on living plants.

(3) Yeast is a fungus which converts sugar into alcohol.
It is therefore used in the making of beer and wines.

(4) Many fungi are thus found to be economically important,
some doing a great deal of damage while others are extremely
useful.

SUGGESTIONS FOR HOME STUDY

(1) Compare the structure and the lives of Mucor and Phytophthora
(potato-blight).

(2) Discuss the economic importance of fungi, giving examples of
their influence.



CHAPTER XXIII
LIVING TOGETHER

Everything that lives,
Lives not alone, nor for itself.

W. BLAKE, Book of Thel

SoME species of animals and plants live together in especially
close relationships. In some cases individuals called parasites
(Gk., para, beside; sitos, food) live on—or in—the living bodies
of other organisms; a few organisms of different species live
together for their mutual benefit, a condition called symbiosis
(Gk., syn, together; bios, life). Some animal species form highly
organized social communities.

1. PARASITES

When two species live together but only one partner derives
benefit from the relationship the condition is called parasitism.

The mistletoe provides an example of a plant parasite.
Mistletoe plants possess chlorophyll, but they obtain water and
salts from the trees on which they grow instead of from the soil.
The fruit of the mistletoe is said to attract the missel thrush,
which eats the food material but wipes the seed off its beak on to
the bark of a tree.! As the seed germinates it sends rootlets
through the bark into the tissues. Mistletoe is to be found on
poplars, apple-trees, oaks, and other trees.

As examples of animal parasites we may consider the nema-
todes, or ‘round-worms,” which are widespread in animals and
plants. Some species of these animals are able to exist apart from
other organisms; a spadeful of garden soil contains millions of
nematodes. Others live in the intestines of man and other
animals, where they usually do little harm unless they are present
in too great numbers. About fifty species have been found living
in mankind, but only a few of these cause serious diseases. It is
not uncommon to find these fine, thread-like white worms in the
feces, and should not be cause for alarm.

Some species seem to inhabit particular regions only. One
species has rarely been found outside the appendix of man;

1 Some authorities disagree with this popular belief.

245
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another has been found only in the felt mats on which Germans
set their mugs of beer.

Some other parasites which live in or on the living bodies of
other animals or plants have been considered elsewhere. These
are potato-blight (p.235 ), malarial parasite (p. 228), ichneumon
fly (p. 261), trypanosomes (p. 231), saprolegnia (p. 243).

F1c. 115. MISTLETOE PLANT GROWING ON A BRANCH
A small portion of bark has been removed to show the rootlets of the mistletoe.

2. SyMBIOSIS

Organisms which are linked together for their mutual benefit
are said to live together in a symbiotic relationship. The hermit
crab and the sea-anemone are two organisms which often are
found living together in this way.! The hermit crab is a creature
with a soft body, which it covers by living in the empty shell of a
whelk or some other mollusc. On this borrowed shell the crab
may place a sea-anemone, which it then carries about on its
travels. The crab benefits by this arrangement because the
sea-anemone helps to camouflage it, and thus, by rendering it

1 Some authorities prefer to consider this as a case of ‘commensalism,’ and to
reserve the term symbiosis for yet closer relationships,
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inconspicuous, protects it from its enemies. The sea-anemone,
by the aid of its power of stinging, may also help the crab to
defend itself. In return for this the anemone is carried to good
feeding areas and probably picks up many particles of food left
by the crab.

A more complete case of symbiosis has already been considered
in the chapter on plant nutrition
(Chapter VI). Theroot-bacteria
which form nodules on the roots
of peas, beans, and clover derive
benefit from this association
because they feed on the carbo-
hydrates in the root-tissues. In
return they allow the plant to
make use of some of the nitro-
genous matter which they have
been able to build up from the
nitrogen of the atmosphere.

3. BEEs

Sometimes many individuals
of the same species will live
together and co-operate for the

Fic. 116. Hermir CrRAB IN THE SHELL
. OF A MOLLUSC WHICH BEARS AN
benefit of the whole community. ANEMONE

1,3 Some brologists consider this to b f
A most Strlklng example Of an symbiosis, \Agihx!e t:)tlu:rsc l;:u'efesr ;)o t:g:r‘f:ia !I: :s

animal community iS provided a looser association, which they call ‘com-

mensalism” (‘mess-mates’).

by the ‘social’ insects. Here

individuals carry on constant selfless labour for the good of the
species. A variety of instinctive reactions enable the individuals
to perform the many and varied tasks of community life.

Wasps, bees, ants, and the white ‘ants,’ or termites, all contain
species which live social lives; but that of the bee is the most
important for human beings, since bees convert the nectar they
collect as food for their young into honey, which is also used by
man as food. Men have kept bees in artificial hives for two
thousand years or more.

Bees in the wild state make their nests in the hollows of trees,
or in other sheltered places. Such nests are not convenient for
man, since he cannot easily extract the honey. Bee-keepers
therefore keep bees in wooden hives, which contain detachable
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frames on which the bees build honeycombs to fill with honey.
When their work is complete the bee-keeper removes the
frame and replaces it by a fresh one, on which the bees store
more honey.

The Inhabitants of the Hive. There is a remarkable division
of labour in the beehive. There are three different types of bee,
each serving a different function (Plate 29). The appearance and
function of these types is summarized below.

The Queen. The queen is the female founder of the community.
There is usually only one queen in each hive. She is specialized
for reproduction and is able to lay between two and three
thousand eggs in twenty-four hours. Her average length of life
is from two to three years. She has a long, tapering body and short
wings, while her sting, which is large and sabre-shaped, is
employed only in battles with rival queens. The queen has no
apparatus for collecting pollen, while her mouth-parts are too
short to reach the nectar in most flowers; she is therefore de-
pendent on the workers of the hive for her food.

The Drone. This is the male bee. The drone is large, with well-
developed eyes and great wings which make a loud humming
noise when he is in flight. He has no sting, neither has he any
apparatus for collecting pollen. He is essential for the fertilization
of the queen’s eggs, but apart from this function plays little
part in the hive—spending his days sunning himself, and often
feeding on the nectar collected by the busy workers. The drones
are born in the spring and are slaughtered by the workers before
the autumn.

Workers. The workers are females, but only very rarely do
they have the power of reproduction. They develop from eggs
which have been laid in small compartments, and from larve
fed with only a moderate amount of food; if an egg which would
normally form a worker is removed by the bees to a larger com-
partment and the larva is fed on better food its reproductive
organs will develop and it will eventually become a queen.

Workers are smaller than queens or drones; they have a short
body but long wings. Their mouth-parts are long, in order to
collect nectar, while they have very hairy hind legs for collecting
pollen and a small sac, called a pollen-basket, on each hind-leg,
in which it may be carried. Workers have barbed stings with
which they protect themselves.

The workers build the hive, stock it with honey and pollen,
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care for the developing eggs, feed the larva, and regulate the
temperature of the hive by fanning with their wings to cool it,
or by clustering in dense batches for warmth. They usually live
for about six weeks in the summer, but if they are born in the
autumn they will live until the following spring.

The Hive throughout the Seasons. Bees cannot find
nectar during the winter because there are few winter flowers.

Pollen—
basket

Comb

used for .
brushing pollen into
basket

F1c. r17. Hinp-LiMB OF A WORKER BEE

The weather is cold, and the bees cluster round the queen in a
dense mass, trying to keep warm by the gentle beating of their
wings. Homney, accumulated during .the previous summer, is
used by the bees for food.

As the spring comes the hive begins to stir. Some workers
begin to build new combs, others venture out in search of water
and nectar. The queen rouses herself and starts to fill empty
cells in the honeycomb with the fertilized eggs which she has
retained in her body throughout the winter.

The workers build the hive, or ‘honeycomb,” with wax, which
they manufacture in their bodies from the nectar collected from
flowers. The comb is made up of many thousands of elongated,
six-sided cells, which are used for the storage of honey or as
brood-cells; in the latter case the cells are small, medium, or
large in size, according to whether they are to receive worker
eggs, drone eggs, or queen eggs.

The sex of each egg is determined before the queen lays it.
All her eggs are potentially male and can undergo development
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without fertilization (this process is called parthenogenesis),
but if they have been previously fertilized by sperms they become
females. The queen carries the sperms from the drone with which
she mated and fertilizes an egg she lays in a worker or queen cell,
but lays the eggs in drone cells unfertilized. The distinction
between workers and queens is effected as the larve are fed.

‘Sem.,

Scale

Fic. 118. LArva oF A Honey Bee

Queen larva are fed on a specially nutritious jelly, which is called
‘royal pap,” while workers receive poorer food. Queens develop
from worker eggs if the larve are fed on royal pap.

Eggs are laid in the brood-cells by the queen and the developing
larve are fed by the workers. As is the case with many other
insects, the egg becomes a larva and later a pupa. Sixteen days
after the eggs have been laid the young queens emerge; twenty-
two days is the time of development in the case of workers;
twenty-five days are needed for the formation of drones.

Clearly the birth of many new bees will lead to overcrowding
in the hive, and in such a case the queen and some of the workers
will decide to leave the hive and to found a new hive elsewhere.
One day the queen, instead of laying eggs as usual, will become
restless, and move about, infecting the workers with her un-
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easiness. Soon the latter will rush in a swarm out of the hive,
followed by the queen. The dense cloud of bees will fly about
seeking some place where a new nest may be built. Unless the
swarm is captured by a bee-keeper and placed in an artificial hive,
it may settle in the hollow of a tree, or some other place where
its honey is inaccessible to the bee-owner.

Fic. 119. Pura OoF A WORKER BEE, VIEWED FROM THE LEFT SIDE

The original hive will have now been left with only a few
workers to care for the developing eggs. Soon, however, these
develop, and the first adult to emerge is a young queen. She may
lead many of the workers in a secondary swarm or she may remain
in the hive. If she decides to remain in the hive she must first
contend with any other queens which may develop, because only
one queen may reign in a hive. The first young queen to emerge
will, if she can, sting her young sisters to death before they emerge
from their royal brood-cells. Generally, however, the workers
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restrain the first young queen from doing this, and a battle may
later develop between rival queens for the control of the hive.
Queens are well suited for battle because of their large stings,
which are curved like sabres.

The workers emerge from their brood-cells soon after the queens,
and set about the collection of honey and the repair of the hive;
later the drones appear, nine days after the emergence of the
queens.

Five to seven days after her birth, the young queen leaves the
hive to go on her marriage, or nuptial, flight. She rises higher
and higher into the air, pursued by those drones left by the
previous colony in the hive and by some drones from near-by
hives. As the queen ascends some of the drones can fly no farther
and stop the pursuit. Finally, only one drone is left, but he, poor
fellow, gains a poor reward for his exertions, for the act of mating
is violent. The queen rips the reproductive organs from the
successful drone and leaves the husk of his body to flutter to the
ground. She then returns to the hive with the male reproductive
organs, which she will use to fertilize some of her eggs as they
are laid. After her return to the hive the queen does not leave it
until she leads a new swarm. ’

The return of the queen from her nuptial flight is the signal for
a renewed burst of activity in the hive. Some workers build
brood-cells, in which the queen lays her eggs; others build
cells for the storage of honey.

When the eggs are laid and the honey js stored the bees may
again swarm away to find a site for a new hive. The number of
swarms in a year from any hive depends on the speed with which
the hive can be provided with honey, which is in its turn de-
pendent on the amount of food available for the bees in the
locality.

Bee-keeping. A bce-keeper maintains bees in an artificial
hive from which the honey that they make can be easily removed.
If possible, swarming is prevented by the careful removal of
honey, ventilation of the hive, and the removal of queens.
However, swarms often occur, and it is then the aim of the
bee-keeper to capture the swarm and to place it in a new hive
before it can escape and found a new home in some inaccessible
place.

The early swarms are liked best by the bee-keeper because they
soon settle down and produce honey; the late swarms cannot lay
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up sufficient food for themselves for the winter and may need to
be fed with sugar. Hence the popular saying:

A swarm of bees in May

Is worth a load of hay;

A swarm of bees in June

Is worth a silver spoon;

A swarm of bees in July

Is not worth a fly.

During winter months bees must be kept warm, and may need
to be fed with sugar by the bee-keeper.

4. ANTS

The ants have a social organization that is curiously like our
own social life. Not only do they live in communities like the
bees, but they also fight wars, keep domestic animals, and cul-
tivate fungus gardens !

Like the bee-hive, the ant-nest contains three main types of
individual: one or more queens, short-lived fertile males, and
sterile workers (Plate 2g). The sexual forms are winged, the
workers wingless. In the summer the winged males and females
leave the nest for their nuptial flight, during which mating
occurs. The fertilized females found new colonies, either alone
or with the help of any workers which they may gather.

The nests of ants are excavated and constructed from soil.
In Britain these nests are small, but in tropical countries the
nests of ants and of the termites, or white ‘ants,” may be fifteen
feet high.

Food is scldom stored by ants, but is generally eaten at once.
The type of food consumed varies according to the species of ant;
in some it is other insects, in others juices or seeds of plants, in
others again fungi.

A division of the labour among the workers has been accom-
panied by the evolution of various types. Thus, in some species
we find soldiers, builders, nurses, and others that merely ‘tend
the flocks.” The domestic animals of ants are greenflies, or
aphides. These insects exude from their bodies a sweet fluid
called honey-dew which is eagerly sucked by the ants. Some
workers, which are known as repletes, serve as honey-pots for
their fellows by absorbing great amounts of honey-dew into their
distended stomachs, from this supply later feeding their more
active companions !
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Another group, the leaf-cutting ants, carry home leaves and
grow fungi on them in much the same way that we make artificial
mushroom beds. These gardens are carefully tended, and provide
food for the community.

Occasionally ants fight with neighbouring communities,
usually with the object of obtaining slaves. Members of a British
species (Formica sanguinea) fight another species, capture their
larvee, and bring them home to rear as slaves.

I°5mm.

Scale
Fic. 120. GREEN-FLY, APHIS SAMBUCI
Thistype of green-fly supplies ‘honey-dew’ to ants. The figure is redrawn after Buckton.

5. DOGIAL Lire 1N ANIMALS AND MAN

Man is a social animal, and it is tempting, though perhaps
unwise, to compare the social life of man with that of insects.
Unwise, because one must realize that man and insects differ
in one very important respect. All our evidence shows that the
activities of insects are governed by blind instinct, while man
differs from other animals in his ability to reason.

Many social reformers have pointed to the successful and
stable insect colonies as the ideal social life, but it is to be doubted
whether such a social life would be possible, or even desirable, for
man. For, above all, man’s behaviour is governed by reason,
with accompanying ambition and prejudices.

Insect colonies have attained such a well-organized form that
little change appears to have taken place for many millions of
years, a time which has sufficed for man to evolve from simpler
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animals. A complete stability in the social life of man might
abolish the striving of the species, and thereby arrest the evolution
of man.

SUMMARY

(1) Parasites are organisms which derive their food from the
living bodies of other creatures.

(2) Certain individuals of different species often live together
in close association. When this association benefits both parties
it is called symbiosis.

(3) Ants and bees live social lives, and the individual effort is
organized for the good of the community.

SUGGESTIONS FOR HOME STUDY

(1) What is a parasite? Give a number of examples.

(2) Discuss the food of bees and ants, indicating how feeding may
influence insect colonies.

(3) Describe an insect community and compare 1t to (a) a human
community, (b) a single animal body.



CHAPTER XXIV
BIOLOGICAL CONTROL

So, naturalists observe, a flea

Hath smaller fleas that on him prey;
And these have smaller fleas to bite ’em,
And so proceed ad infinitum.

J. Swirr, On Poetry

1. BrorogicarL CoNTROL

Living organisms compete with one another for food, and in
this way influence each other’s lives. As an example of this inter-
dependence, it will be realized that if one animal depends on
another for its food any increase in the numbers of the predator
will diminish thé numbers of the prey. This interdependence of
living organisms forms a delicate interlocking balance.

The great naturalist Charles Darwin illustrated this balance
by his discovery that in any village district the number of cats
indirectly affects the number of clover plants in the fields.

The explanation is as follows. The ovules of clover must be
fertilized by the pollen from another clover flower if they are to
develop. Bumble-bees collect this pollen and use it to feed their
young; during this process they carry pollen from one flower to
another and deposit some ncar the ovules. Many of the bees are
destroyed, however, by field-mice, which eat the young bees while
they are still in the brood-cells. Fortunately for the clover, the
field-mice are eaten by cats, and therefore the more cats there
are in the neighbourhood, the less mice, the more bees, and the
more clover !

Animals and plants are inextricably woven together in the web
of life because animals are ultimately dependent for their energy
on the sun’s rays; this energy is available to animals in the form
of the chemical substances built up by plants. The biblical
statement that ““All flesh is grass” bears some truth. We, for
example, may eat rabbits, but the rabbit has fed mainly on grass.
The frog may eat insects, but those insects depended on trees or
smaller plants for their food. A company of animals which only
ate animal flesh could not survive, for eventually only one animal
would remain, which would look in vain for another to devour.

Sometimes men have by ignorance of the balance of nature

256
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upset it, to their great disadvantage. When, in the fifteenth
century, the Portuguese landed on the island of St Helena they
brought goats, which promptly began to eat the undergrowth of
the forest. After some years all the young trees were destroyed,
and the luxuriant vegctation finally disappeared; the fertile soil,
no longer bound by the roots of trees, was swept by the wind and
the rain into the sea, leaving the rock naked.

Men sometimes deliberately upset nature’s balance for their
own purposes, and they sometimes find that unexpected results
occur. Jamaican sugar-canes were at one time attacked by a
plague of rats, which landed from ships and found that an
unlimited supply of sugar and a pleasant climate made for a very
agrecable life. So perfect were the conditions that the rats
multiplied at an alarming rate, and the islanders, who could no
longer keep them down by the usual means, decided to import the
Indian mongoose. These animals, whose appetite for rats,
snakes, and other unappetizing food is famous, soon diminished
the numbers of rats, but increased in numbers themselves.
Eventually there were not enough rats left to feed the mongooses,
who turned their attention to lizards, snakes, and birds’ eggs.
These animals keep in check the insects, which otherwise would
multiply so greatly as to destroy the crops. Thus the whole
balance of life on the island of Jamaica was violently disturbed
in the space of twenty years, and it was not until man had devised
a method for checking the number of mongooses that a new
balance of life was attained.

However, modern biological knowledge now enables us to
avoid many such mistakes, and, moreover, to influence deliber-
ately the balance of nature, in order to destroy pests.

2. THE CASE OF THE PRICKLY-PEAR

When a plant is removed from a region where it is under a
natural biological control by its enemies to a region where the
normal checks to its spread do not exist it multiplies very rapidly.
The spread of the prickly-pear plant in Australia, and the method
of its subsequent control, provides a striking illustration of the
biological control of an organism which is undergoing excessive
multiplication in abnormal surroundings.

Opuntia inermis and Opuntia stricta are two species of the family
Cactacex which normally flourish in North and South America,

R
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being adapted to a dry, hot climate. The fleshy stems of the
plants contain much water, and the leaves are modified to form
spiky projections. In America their spread is checked by a number
of insects which feed on them. Their covering of spines generally
deters larger animals from eating them, but they are sometimes
used as forage plants or for hedging purposes.

A species of Opuntia, the
—prickly-pear cactus
(Redrawn after
Strasburger)

A map of Eastern Australia
showing the areas infested

by the cactus. Aress marked
by black were densely infested;
those marked by stipple-shading
were /ess densely infested.

Fi1c. 121. THE PrICKLY-PEAR CACTUs IN AUSTRALIA

In 1839 Opuntia inermis was brought to New South Wales by a
settler, and in 1860 Opuntia stricta arrived. Soon these plants
escaped from cultivation and began to get beyond control
From 1900 onward the spread became very rapid, and by 1925
about fifty million acres in Queensland and ten million acres in
New South Wales were affected. The dense growth of. cactus
choked all grass and herbage, and made the land unusable. A
number of species were involved, but O. inermis and O. stricta were
the chief pests.

There appeared to be no natural checks to their spread, and
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so scientists were sent to America to search for any organisms
there which fed on, and destroyed, cactus plants. About 150
species of insects and of other parasites of cacti were found. Some
of these would not thrive in Australia; others were unsuitable
because they did not restrict their attacks to cacti but fed also on
other plants. However, a number of moths, bugs, beetles, and
spiders were brought to Australia. '

One insect, the moth-borer (Cactoblastis cactorum) proved to be
especially fitted for the task, and by 1927 this insect had become
firmly established. Some three thousand million insects were
" released between 1928 and 1930, and in a few years vast areas
of prickly-pear were reduced to a decaying pulp. As the pear
became reduced in numbers the consequent lack of food dimin-
ished the population of Cactoblastis, and there was therefore an
alarming revival in the growth of pear between 1931 and 1933.
However, Cactoblastis soon took charge again, and by 1934 the
areas were again under control. To-day g5 per cent. of the area
previously covered by Opuntias is frec once more.

The moth-borer, Cactoblastis cactorum, is a native of the Argentine
and Uruguay. The female moth lays between a hundred and
three hundred cggs, which hatch into larve. These then burrow
into the cactus plant and feed on it. The damage which they do
allows bacteria and other infective organisms to enter, and so
the cactus is destroyed.

3. THE CABBAGE WHITE BUTTERFLY

For our second example of biological control we may consider
an. insect the larva of which feeds on vegetables, but which,
fortunately for man, has an ecnemy by means of which its spread
can be controlled.

Those butterflies which are known as ‘cabbage whites’ are
common in English gardens, where they are considered to be
pests, since the larva feed on the leaves of cabbages and other
vegetables (brussels sprouts, radishes, turnips, etc.). The common
cabbage white butterflies belong to the genus Pieris of the family
Pieride. There are three common species, which are distinguished
by their size and markings. The large white (Pieris brassice)
has a wing-span of 60—76 mm. The small white (P. rape) has a
wing-span of 40-58 mm. P. Napi, the ‘green-veined white,” re-
sembles P. rape, but has more conspicuous venation on the wings.
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All are common, but the life-history of the large white only
will be discussed here.

Eggs are laid by the adult butterfly in the spring or late summer
on the under-surface of a leaf at the rate of about four a minute,
and from these eggs there form, in seven days, larve called
caterpillars (L., catta, cat; pilosus, hairy). These caterpillars,
which are worm-like in appearance, with a body divided into
thirteen segments, some of which bear legs or claspers, emerge

Adult —y
Scale

Fic. 122. Apurt FemMaLE oF THE CABBAGE WHITE BUTTERFLY,
PIERIS BRASSICZE
Drawn from a specimen.

from their egg-shells, which they then devour. Later they feed on
cabbage leaves, which they bite with powerful jaws. Their
perception of their surroundings is helped by a number of simple
eyes in their heads and by two sensitive hair-like projections called
antennz (L., antenna, sail-yard). Breathing takes place through
minute holes in the skin, called spiracles. The caterpillar
possesses silk-glands in its head which produce a fluid that hardens
when dry to form silk. (The ‘silkworm,” whose product makes
true silk, is the larva of a related insect, the silkworm moth.)

As the caterpillar grows it frequently sheds its skin, since this
is not elastic and would prevent growth. Active growth occurs
between the shedding of one skin and the formation of a new one.
After a number of such moults the animal spins a small pad of
silk, from which it then hangs, and also a single thread of silk to
serve as a girdle. After this activity has been completed, the
larva undergoes a metamorphosis, or change, into a resting
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pupa, or chrysalis, with a tough skin, inside which the larva
passes through a series of changes while the adult organs are
formed. The wings, eyes, antenne, and feeding apparatus of the
adult may be seen through the skin of the pupa.

Eyeptually the adult is fully formed, and it emerges through
a slit in the upper surface of the pupal case. In the summer the
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pupal stage may only last for one or two weeks, but autumn
pupa developed from summer eggs remain dormant until the
following spring.

Every year swarms of large whites invade this country from
the Continent. Fortunately, their numbers are kept down by a
small insect belonging to the order Hymenoptera (Apanteles
glomeratus), which lays its eggs on caterpillars. Apanteles, which
belongs to a family of insects called ichneumon flies, has a long
egg-laying tube which can pierce the skin of the caterpillar. The
eggs are laid in the latter’s body, and later develop to form larve
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which feed on the caterpillar and finally kill it. Man also attacks
«aterpillars by spraying plants with preparations containing some
powerful insect-killer.

The small white butterfly was unknown in the New World
before 1860, when a specimen was captured at Quebec, but by
1880 it had spread all over the United States east of the river
Mississippi. There appeared to be no natural enemies to check
its spread, but in 1883 the ichneumon apanteles was introduced,
and helped to control its numbers.

4. REsisTANT POTATOES

The story of the potato-blight! before its control is a tragic
tale of suffering. Potatoes form the main article of food for many
peasants, and the disease which killed them in the last century
led to widespread famine and death.

The summer of 1845 was wet, and the potatoes were stricken
with a strange disease. All over the Continent and the British
Isles potatoes became black in colour, and started to decay.
Alarm at the consequent food-shortage was general, but in
Ireland, where potatoes form the main article of food for the
population, panic spread.

The cause of this potato disease was then unknown, and efforts
to check its progress were unsuccessful. It revisited the countries
year by year, leaving famine and death to mark its stay. In the
years between 1845 and 1860 a million people died in Ireland
and a million and a half persons emigrated to other lands as a
direct consequence of the famine. Nothing in thosc years seemed
to stop the blight of the potatoes. Though the later outbreaks
were milder than the first widespread devastation, yet even in
1879 at least £6,000,000 was lost in Ireland alone as a consequence
of blight.

By 1885 a discovery had been made which pointed to a possible
means of control of blight. In that year some Frenchmen
successfully treated vines diseased by a fungus with a solution
which they called ‘Bordeaux mixture.” By 18qgo it was clear that
by spraying potatoes with this mixture the spread of blight could
be arrested, and even to-day outbreaks of potato-blight are
treated in this way. Bordeaux mixture consists of 101b. of
granulated copper sulphate and 12}1b. of hydrated lime in

1 See Chapter XXII. *
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100 gallons of water, and it is applied to the potato crop by means
of a sprayer as soon as blight spots are seen on the foliage. About
120 gallons of mixture are applied to each acre.

We are, however, more concerned with the biological means
of checking the outbreaks of potato-blight, by the selection of
potato varieties which are resistant to the blight fungus. This
method of approach had already been tried by workers in the
nineteenth century, but their efforts had met with only tolerable
success. Expeditions to South America, the home of the wild
potato, sent back varieties of wild potato, some of which proved
to be fairly resistant to blight, but poor in yield and food value.
There were many species which were blight-resistant to some
degree, among them the Mexican species, Solanum demissum.
This last potato could be grown in such conditions that it was
almost totally immune from blight, but it bore only a small
crop of tubers.

Many nations took a hand in the search for blight-resistant
species, and in the twentieth century new and improved
methods of breeding were employed. The United States, Ger-
many, Russia, and Britain established research laboratories for
the study of potato-blight, and by 1939 visitors to the Chelsea
Show were able to see a number of breeds of potato which were
known to be resistant to the blight fungus.

Some of these demonstrations were most striking. In the centre
of the exhibit stood a flower-pot containing two potato plants.
That on the left was a normal commercial breed, already
heavily infected by the blight fungus, while the right-hand plant,
an immune breed, remained perfectly healthy, although its
foliage was actually in contact with the infected plant and was
covered by blight spores. This immune plant, a descendant of the
Mexican Solanum demissum which had been crossed with a good-
yielding breed, inherited blight resistance, yet produced a good
yield of tubers.

It seemed, then, to the casual onlooker that the struggle to
overcome potato-blight was over, yet the experts were faced by
increasing problems. In the first place, the blight-resistant
potatoes which could be produced in the laboratory by means of
the breeding of new types from blight-resistant parents could
not compete in yield with many less immune breeds. Many
farmers preferred to plant such types as Great Scot, King Edward,
or British Queen, magnificent potatoes for food but susceptible
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to blight, frost injury, and virus diseases. Perhaps, they reasoned,
our potatoes will not be stricken by blight, and if they are, well,
we can always check it by spraying with Bordeaux mixture.

Secondly, our knowledge of plant diseases is still incomplete.
We may select potatoes which are immune to infection by
blight, yet by so doing we may produce breeds which are
readily attacked by virus diseases or other infections to which the
blight-susceptible potato is normally immune. For instance,
every King Edward potato in the world is infected by a virus,
which does not affect the health of the plant. Nevertheless, if
we graft a King Edward potato on to certain other breeds, such
as Arran Chief, the virus induces a severe disease in the hybrid
plant so formed. This is but one of many cases where an arti-
ficially controlled breeding experiment has led to unexpected and
undesired results.

And so the fight goes on. Scientists all over the world continue
to investigate the diseases of plants, some hoping that one day
they will be able to produce crop plants which are immune from
disease, while others confine themselves to hoping that soon our
knowledge will allow us to check any serious outbreaks of disease,
and so to avoid the devastations of earlier years.

5. MALARIA

Malaria is a widespread disease affecting man, and occurs in
most districts except the polar regions or waterless deserts. It is
particularly prevalent in warm, marshy regions.

Immense damage is caused by the malarial parasite. In India
alone over one million persons die from malaria each year.
More than six million cases of malaria occur annually in the
United States, though because of the skilful treatment few deaths
occur. The League of Nations Malarial Commission in 1924
estimated that at least one-third of the population of ancient
Greece suffered from malaria, while historians have attributed
the decline of the Greek states to this cause. Even in recent times
malaria has been an important factor in retarding the develop-
ment of certain regions.

In 1880 the malarial parasite was discovered for the first time
in the blood of malarial patients by the French physician Laveran.
Various scientists suggested that mosquitoes were related to the
disease in some way, prominent among them being Manson,
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who clearly suggested that mosquitoes carried the parasite. It
was largely due to this suggestion that Ross in India searched for
the parasite in several species of mosquito. At length, in 1897, he
was able to announce that he had discovered the parasite on the
stomach of the mosquito Anopheles siephensi. This discovery was

Anopheles Culex

Fic. 125, LIFE-HISTORY OF THE GNAT, CULEX, COMPARED WITH THAT OF
ANOPHELFS, THE MOSQUITO WHICH CARRIES THE MALARIAL PARASITE

confirmed and extended by later workers, and it was thus clearly
established that destruction of anopheline mosquitoes would
help to eliminate the disease from severely infected regions.

Preventive measures are directed primarily against the larval
and pupal stages of the mosquito. Three main methods are
employed—(1) the destruction of breeding-centres, (2) treatment
of breeding-centres by oils and poisonous dusts, (3) the employ-
ment of the natural enemies of mosquitoes.
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Wherever possible, stagnant pools, water-butts, and other
breeding-centres of mosquitoes in malarial areas are drained, or,
if this is impracticable, a fine film of petroleum oil or poisonous
dust is sprayed on the water, destroying the larve and pupz.
Aeroplanes are used for the spraying of large areas. It is probable
that the new insect-killer known as D.D.T. may prove to be a
valuable agent in the fight against the anopheline mosquito.

Spraying methods are expensive, and it is often simpler and

Fic. 126. GAMBUSIA AFFINIS, THE TOP-MINNOW

preferable to stock the waters in which mosquitoes breed with
their natural enemies. A great number of animals prey on
mosquito larve and pupez, and some of these are suitable for
use in artificial mosquito control.

Two fish, the fresh-water top-minnow (Gambusia affinis) and
the salt-water killifish (Fundulus heteroclitus), are extensively used
in mosquito control. Gambusia lives in temperate zones, where
freezing does not occur, and feeds voraciously on mosquito larva.
A single fish may consume one hundred larve in eight hours, and
may even choke in his anxiety to consume all the larva in sight.
Control by this means is not wholly satisfactory, as often the
extinction of the mosquitoes is followed by the death of the
fish, which by then have little or no food.

Some plants have proved suitable for mosquito control.
Insectivorous plants of the genus Utricularia capture mosquito
larvee, among other insects. Another species of water plant,
Chara fragilis, appears to discourage mosquito larva, and in lakes
where this weed grows densely mosquito larvae are not found.

Therefore, by using the appropriate measures against anophe-
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line mosquitoes, scientists can check the spread of malaria and so
reduce the amount of disease in many parts of the world.?

SUMMARY

(1) Animals and plants influence each others’ lives; no animal
or plant lives a complctcly independent life.

(2) Any change in an animal or plant will upset all those
other organisms which are influenced by it.

(3) Men control a pest by employmg the natural enemies of the
pest to check it, or by improving crop plants or animals so that
they can resist it.

(4) The prickly pear was controlled in Australia by the use of
a small moth. The cabbage white butterfly is controlled by the
use of a parasitic ichneumon fly. Malaria is checked by the
destruction of the mosquitoes which carry the disease.

(5) Potato-blight is checked by the spraying of potatoes with
chemicals to kill the fungus, or by the breeding of potatoes which
will resist the disease.

SUGGESTION FOR HOME STUDY

Discuss the meaning of the term ‘biological control.’ Illustrate your
answer with examples.

1 A previous general description of malaria was given at p. 229.



CHAPTER XXV
LIFE IN THE PAST

Come, dear children, let us away;
Down and away below.

MATTHEW ARNOLD, The Forsaken Merman

AnmvaLs and plants which lived on the earth many millions of
years ago have in some cases left remains of their bodies buried
in rocks, thus enabling us to picture life in past ages. The
evidence of these remains suggests that the forms of life in the
past differed greatly from the animals and plants which inhabit
the world to-day.

1. THE PRESERVATION OF DEAD ORGANISMS

Modes of Preservation. Sometimes records of life in the
past are through accident preserved almost perfect. In the year
A.D. 79 the volcano Vesuvius erupted, and overwhelmed Pompeii,
a near-by town, with volcanic mud and ashes. The panic-
stricken inhabitants, who had for years regarded Vesuvius as
extinct, fled, leaving behind their belongings and those of their
number who failed to escape. To-day much of the ashes and mud
has been cleared, and a vivid picture may be obtained of life in a
Roman town nearly nineteen centuries ago. Buildings, paintings,
cloth, wood, and cven the meals laid on that fateful day of the
eruption have been preserved by the covering of ashes in many
places. Unfortunately for the study of past ages, such catas-
trophes as this rarely occurred.

Amber. Nevertheless, there are still remains in almost perfect
condition left for us to discover. In the Baltic region of Europe
there is found a substance called amber. This substance is
nothing more than hardened resin, the gummy substance in
pine-trees. Occasionally drops of resin falling from the trees
must have trapped forest insects, since we often find these per-
fectly preserved in blocks of amber (Plate g1). Often it is even
possible to dissect the insccts found in amber, and to examine
their internal parasites. Yet it has been calculated from various
data that the amber must rcpresent the resin of trees which
flourished nearly forty million years ago.

Fossils. Less spectacular, perhaps, but not less interesting, are the

268
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remains of animals and plants which we find in rocks, and which
we call fossils (L., fossilis, dug up). These remains are less
perfect than is the case with those organisms found in amber
because in most instances fossils represent animals or plants which
have undergone great chemical changes since their death.
Usually only the hard parts of organisms remain (i.e., shells,
teeth, bones, etc.), and in most cases the original material has
become dissolved in the water which percolates through the
ground and replaced by minerals such as iron sulphide (iron
pyrites) or silicon or calcium compounds, which are deposited
in the cavities left by the dissolution of the original materials.

In order for an animal or plant to become fossilized it is neces-
sary that it should be buried soon enough after death to precede
the approach of decay. The organism should preferably have
died in or near water, as the remains of animals on dry land soon
become dispersed by wind-erosion of the land surface. Moreover,
the rapidly hardening and mineral-bearing naturc of marine or
fresh-water deposits contributes to their perfect fossilization.
Some of the best records of past life are those of life on the sea-
floor, where rapid burial is helped by the constant shifting of
sand or mud.

One might naturally expect deeper deposits to rcpresent earlier
ages and those near the surface to have been laid down in fairly
recent times. It is found that the layers of rocks differ in their
structure, and that their nature is largely dependent on the
conditions which existed at the time they were laid down. Coal
represents the fossilized bodies of trees and other plants, while
chalk is filled with the remains of marine organisms, and is in
fact largely composed of the shells of countless small animals.
We therefore know that at one period great forests covered
England, whereas at a later date much of the country was
covered by the sca.

2. Rocks AND AGEs

Layers of rocks are known as strata (L., stratum, layer).
Geologists have calculated from the depth of the various strata
and the minerals which they contain the duration of the various
ages on the earth. Our present estimates are based on the length
of time needed for the decomposition of certain radio-active
elements called uranium and thorium. These are present in
recently formed rocks, but in older rocks they break down in
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time to form lead. We can calculate with reasonable accuracy
that half a given mass of uranium will be transformed to lead in
about four thousand million years, and so by calculating the
proportion of these elements in a specimen of rock we can
estimate its age.

It is a peculiar and very interesting fact that we find fewer
fossils in the earlier strata; also that many of these differ from

Fic. 127. Fossi. TRILOBITE
This figure is drawn from a specimen in the author’s possession.

any organism living on the earth to-day. For example, the rocks
in Wales represent a very early stratum, which by a tilting of the
land surface has come close to the surface. In the rocks of Wales
we find many remains of the animals which we call trilobites.
Yet these are absent from most of the later deposits. It appears,
therefore, that the life on the world many million years ago
differed greatly from the forms of lifc which inhabit it to-day.
Geology (the study of the rocks) has established the presence
of many hundreds of strata, containing many thousands of
different fossils, and from this evidence it is now possible to form
a reasonably accurate estimate of the climate, topography, and
forms of life of the world in the past. The gecologist has, for
convenience, divided past time into eras, each of which is marked
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by some significant geological change. These eras have been
subdivided into periods on the basis of less significant geological
changes.

If the earth’s surface had not been disturbed in the past by
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subterranean convulsions one might expect that the surface rocks
at any point would represent the later periods of geological time,
and that the rocks of the earlier periods would lie far below. In
fact, however, so much tilting, erosion, and general disturbance
of the strata has taken place that in some regions the earliest
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rocks are found close below the soil. We have already referred
to the great age of the deposits found in Wales, and a glance at
the map below will show that this is by no means an isolated
phenomenon. Though simplified, this geological map shows the
predominant stratum to be found close to the surface at any point
in the British Isles.

A glance at the table of geological time on p 279 will teach
you the approximate age of the rock on which your home may
stand, and the most likely fossils to be found in that rock. How-
ever, gardens are not good places in which to search for fossils.
Gravel-pits, clay-pits, or stone quarries are much better fields
for investigation. The barc rock surfaces simplify a search for
fossils, and it is pleasant on a sunny spring morning to sit in a
sheltered spot in a quarry chlppmg fossils out of the rock by the
aid of a hammer and chisel.

3. THE AcE oF EArLy Lire

Biologists can form a fairly complete picture of living things by
means of the careful examination of fossils. Let us suppose that
we were bound neither by space nor time, and that we could
travel back to the Cambrian period, the earliest period which
has left extensive fossils. What should we find?

A dreary scene would meet our gaze. Perhaps the most
frightening impression would be the cold silence, broken only
by the splashing of the waves against a rocky shore. There is
no evidence that any land plants or terrestrial animals were
present on the earth in those times, so leaving behind the bare,
trackless expanses of rock, let us plunge into the sea, where, to
judge from the fossils that have been found in Cambrian rocks,
we shall find some other forms of life.

Here, indeed, we should find living things, though they would be
very different in appearance from those forms of life that flourish
in the sea to-day. The most abundant animals to be seen would
be the trilobites, which were not unlike huge wood-lice. Sponges,
starfish, corals, and other invertebrates are also known to have
lived in the seas of this period. It was not, however, until the next
great geological period, the Ordovician, that any fishes made
their appearance.

A few curious ‘armoured’ fish left their remains in Ordovician
rocks, but it was not until the succeeding period that fishes like
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those of to-day appeared on the scene. Probably in the Ordovician
period the land also bore traces of life in the form of primitive ferns.

Continuing our journey through time, we pass through the
Silurian and the Devonian periods. Early fishes, covered by
bony plates were present, together with sharks, and in the
Devonian these became the dominant forms of life. Coral reefs
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F1c. 129. RESTORATION OF A MIDDLE-SILURIAN SEA BortoMm

In the left foreground is a straight-shelled Nautiloid, and in the 11ght foreground a Trilobite
18 shown. Behind the Trilobite are two specimens of Crinoids, or Sea-llies, one open and
one m the closed position.

were abundant, but the trilobites which we discovered in the Cam-
brian period have by now begun to decline. There is considerable
evidence that the Devonian period was characterized by a drier
climate than the earlier periods, and that a drying up of lakes and
streams may have speeded up the evolution of land animals.
The remains of spiders have been discovered in rocks of the
Devonian period, and in the past few years the remains of early
amphibians have been found in the latc Devonian rocks of
Greenland. One trace of a land animal of that period is provided
by a large, single three-toed footprint discovered in the rocks of
Pennsylvania in the United States of America. We can, however,
only guess at the appearance of that huge monster, who,lumbering
through the lonely swamps, left a deep footprint which has bysome
chance been preserved for perhaps three hundred million years.
S
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After the dry, hot climate of the Devonian, it is surprising to
find that moist tropical swamps flourished in the next period, the
Carboniferous. The moist climate favoured the growth of
vegetation, and the residue of the vast forests of this period
remains to us in the form of coal. The ‘trees’ of these forests
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were giant ferns, some primitive forms of the related ‘club-
mosses,’ and ‘horsetails,” and primitive forms of pine-trees.

Insects were abundant in this age, and attained sizes that they
have never reached since. Cockroaches four inches long were
common, and some of the dragon-flies had a wing-span of nearly
three feet! Land animals were mostly amphibious, and were in
appearance not unlike the present-day salamanders, though they
exceeded these in size.

The following period, the Permian, was dry, and widespread
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ice and glaciers made conditions severe for living things. Towards
the end of this period terrible upheavals of much of the earth’s
surface, resulting in the formation of the Appalachian mountains,
are believed to have occurred.

This great upheaval at the end of the Permian marks the end
of the Palaozoic (Gk., palaios,
ancient; zoe, life) era of life. =

4. THE AGE oF REPTILES

The next great era, the
Mesozoic (Gk., mesos, mid-
dle), consisted of three periods,
the Triassic, the Jurassic,
and the Cretaceous. Al-
together, it lasted for nearly
110 million years, and during
this time the dominantanimals
were the scaly reptiles. To-
day the reptiles are represented
by snakes, crocodiles, tortoises,
and lizards, but in the Meso-
zoic they often assumed vast
and monstrous shapes. The
Mesozoic has been termed the
“age ofreptiles.” Small, hairy Fic. 131. ARCHZOPTERYX, THE EXTINCT
mammals also appeared dur- ‘ BIRD-REP IILE’
ing the Mesozoic, but these [y recominichon of Arhpion jsbaed n the
were dominated by the num- the Jurassic period
erous reptiles. In the middle of the Mesozoic era birds must have
evolved from reptiles, since we find fossil remains of creatures
which were half-bird and half-reptile (Fig. 131).

Reptiles reached their highest point of development in the
Jurassic period. They dominated the land, the sea, and the air.
Nevertheless, in spite of their large bulk, their brains were often
no larger than a hen’s egg; there is little doubt that these small
brains proved inadequate to control their huge bodies, and that
the disproportion between the size of the brain and the rest of the
body contributed to their extinction.

Some of these enormous reptiles, which were called dinosaurs,
were carnivorous, but the most gigantic remains we find appear
to have been herbivorous. Cetiosaurus, a herbivore whose
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remains are found in Oxfordshire, had an estimated length of
nearly seventy feet and a weight of nearly forty tons! Tyran-
nosaurus, a carnivore of the Cretaceous period, was nearly fifty
feet in length, and had jaws four feet long. It was beyond doubt
the most formidable animal that has ever lived on the earth.

In the seas the dominant types among the ‘animals without
backbones’ were thc ammonites, whose remains are abundant
in the Jurassic rocks, but which disappear in the Cretaceous

Fic. 132. BRONTOSAURUs, A GIANT DINOSAUR OF THE Jurassic Prriop

This is an imagmative reconstruction, based on fossil 1emains, of a creature that had an
estimated length of about 65 feet and a weight of about 40 tons; 1ts brain probably weighed
about a pound.

deposits. Their nearest living relative is the ‘pearly nautilus’
which floats on the surface of tropical seas, with a head and
tentacles projecting from the opening of the shell.

The end of the Mesozoic era must have been a time of appalling
earth upheavals. The Rocky Mountains of North America
were formed at this time. Great extinctions of life must also have
occurred. Just what conditions caused the extinction of the great
reptiles we may never know, but during the vast upheavals at
the close of the Mesozoic the giant reptiles vanished from the
earth, leaving only their smaller relatives, the lizards, snakes,
turtles, and crocodiles, together with the small mammals and
birds, to continue the story of animal life.
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5. THE AGE oF MAMMALS

Only sixty million years have elapsed since the end of the
Mesozoic era. We are ourselves in the next era, the Cenozoic
(Gk., kainos, recent) or ‘age of mammals.” In the early Cenozoic,
during the Tertiary period, conditions were warm, and mammals
spread over the earth. The following period, the Quaternary,
in which we are still living, was a cooler period, and was charac-
terized by ice-ages, when sheets of ice spread from the poles
towards the Equator and caused great migrations of animal life.
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Fia. 133. Fossi, AMMONITE, CARDIOCERAS CORDATUM
‘This figure is redrawn after Woods and 1s slightly over actual size.

Finally, from among the mammals and before the onset of the
Icc Ages, man emerged, and, because of his intelligence, he now
holds a dominant position. Yet the evidence suggests that man has
been present on the earth for considerably less than two million
of the 5000 million years or more that life has been on the earth.

The History of the Horse. In many of the more recent
deposits we find fossil bones of horses, which are not very unlike
the bones of horses living to-day. But as we investigate earlier
deposits we find that those bones which we can identify as being
those of horses are very different from the later forms. Enough
remains of carly horses have been discovered to allow us to
picture the ancestors of the modern horse.

If we could have been in America in the Eocene period, about
sixty million years ago, we might have seen a little animal about
the size of a fox darting into the forest'at our approach. This
animal had four toes on each of its fore-feet and three toes on
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each of its hind feet. It has been called Eohippus (Gk., eos,
dawn; hippos, horse).

In later rocks we find no remains of Eohippus, but instead we
find remains of larger horses with fewer toes and greater skulls.
Our evidence suggests that these are the descendants of Eohippus.
A search in still later rocks reveals the remains of horses more

Pleistocene [ 4 KX 2 .
and Recent 6 _£€ Y, G X
Miocene
Oligocene

PPRST R
Eocene y 9#,55,‘.{3

Eohippus Miohippus Merychippus Equus

F1c. 134. EvoruTioNn oF THE Fore LiMB or THE HoRsE

like those living to-day. Only one toe now remains on the fore-
feet, although remnants of the other toes persist as vestiges.

It would seem, therefore, that the horse has evolved consider-
ably in the past sixty million years, probably in response to
changing conditions of life and climate.

Some other forms of life, such as ammonites and trilobites,
were less successful in their attempts at adaptation. They did
not evolve in response fo the changing conditions around them,
and so they died out, leaving no direct descendants.
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A TaBLe orF GeorocicaL Tmre!

Dugxnou
or Periop
Era Perion IN MILLIONS FrorA Fauna
OF YEARS
Pleistocene
(Quaternary) ?
Cenozoic (Age Pliocene Dominance of flowering | Evolution and domin-
of Mamimnals) | =|and plants (Angiosperms). ance of mammals,
a Miocene 24 Emergence of man.
&) Oligocene
2 land
Eocene 35
Cretaceous 60 Dominance of pines and | Evolution and domin-
. other Gymnosperms ance of reptiles.
Mesozoic (Age | Jyrassic 25 and evolution of | Evolution of birds.
of Reptiles) flowering plants. Ammonites appear, but
Triassic 25 later become extinct.
Permian 40 Ferns and primitive | Evolution and spread of
pines. amphibians, insects,
reptiles.
Carboniferous 75
Paleozoic Devonian 40 Primitive ferns and | Evolution of fishes and
primitive pines. land nvertebrates.
Silurian 25
Ordovician 60 Alge. Marine invertebrates,
Cambrian 90 trilobites, etc.

(1) Some of the organisms which lived in the past have been
preserved in rocks as fossils:

(2) The depth and chemical composition of rocks allows us to
estimate their age with reasonable accuracy.

(3) In the earlier rocks we find only remains of the simpler
forms of life.

(4) The fossil remains found of animals and plants suggest
many forms unlike any known to-day.

(5) The evolution of animals and plants which we note in the
fossil record corresponds with marked geological and climatic
changes, to which it is undoubtedly related.

SUGGESTIONS FOR HOME STUDY

(1) In what parts of England would you expect to find fossils of
(a) ammonites, (b) trilobites, (¢) early fish, (d) ferns?

(2) What conditions are necessary for the preservation of dead
organisms ? '

1 The data in this table are in accordance with the estimates presented on the
geological column exhibited in the Museum of Practical Geology, London.



CHAPTER XXVI
THE COMING OF MAN

Our ancestors are very good kind of folks; but they are the last people
I should choose to have a visiting acquaintance with.

R. B. SHERIDAN, The Rivals

1. THE REMAINS OF PriMITIVE MAN

THE study of man’s ancestors is based on two main sources of
information. The first of these is the study of the structure of
early men, as evidenced by those remains of their skeletons which
have been preserved as fossils. The second is the preservation of
implements, pottery, paintings, and other records of the activities
of early man.

An interpretation of the skeletal remains of the earliest men
presents certain difficulties, because we find that there are the same
number of bones in the skeletons of men and apes. Moreover, the
further back our knowledge takes us, the greater are the similar-
ities between the skeletons of early men and those of early apes.

Such differences as do occur lie mainly in the skull, though the
erect posture of man, in contrast to the shambling gait of apes,
is reflected in the length and straightness of his leg-bones and the
modification of his feet for walking.

The skulls of modern men are distinguished from those of the
earliest men and from those of apes by three main features:

(1) The size of the brain-case is considerable in relation to that
of the face and jaws.

(2) The prominent brow-ridges of apes have become reduced
in modern man.

(3) Modern men have more prominent chins than have apes,
but their jaws are smaller and less projecting.

All the available evidence suggests that both the human race
and the modern apes evolved from some common ancestor more
than a million years ago. The evolution of man is well illustrated
by the remains of four types! of primitive man, which, in the
order of their appearance on the earth, are represented by Java
man, Pekin man, Neanderthal man, and Cro-magnon man.

! The four types chosen as examples are only some of the better-known types of
primitive man. )

nfn
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In 1892 Dr Dubois, of the Dutch army medical service, dis-
covered in Eastern Java a fossil skull-cap, some teeth, and a
thigh-bone which were undoubtedly the remains of an ape-like
early man, who was estimated to have lived about 500,000 yéars
ago. The brain in' this specimen was about midway in size

Gorilla Java Man

TS

Neanderthal Cro-Magnon
Man Man

F1c. 135. Skurrs oF BARLY MEN COMPARED WITH THE SKULL OF A GORILLA

‘The scries illustrates the reduction of the brow-ridges and jaws, and the change in the shape
of the bram-case. For modern man see Fig. 57.

between that of an anthropoid ape and that of modern civilized
man; the brow-ridges were large, but the femur was straight,
and definitely human. Casts of the brain (which were taken by
pouring plaster into the interior of the skull) suggest that Java
man had the power of speech. An interesting feature of this
discovery was provided by Dr Dubois’ announcing, in the 1880’s,
his intention of going to Java, where, according to his calculations,
he expected to find the remains of primitive man. Rarely have
scientific expectations been so completely justified by results.
In the 1920’s a Swedish expedition discovered in China the
remains of another early man (Plate g1), who, it is estimated, lived
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not much later than Java man, and resembled him in so many
respects that the two types may possibly represent varieties of the
same species. Pekin man, as he is called, lived in caves, made
flint implements, and used fire. His brain capacity was little less
than that of some primitive races living to-day.

In Europe several discoveries of early skulls suggest that the
men who lived 500,000 years ago in the west were more like
modern men than was Java or Pekin man. Most of these Western
early remains are so fragmentary that the matter is still under
dispute.

Some remains of a later species, a well-known type called
Neanderthal man, have been discovered in Europe, together with
flint implements. This man was about 5 foot 4 inches high, and
had a massive chest and big bones. His brain was as large as the
average brain of modern civilized men, and even larger in some
cases. The frontal region of the brain, however, which is thought
to be concerned with the higher powers of reason, was relatively
small.

Neanderthal man lived in Europe about 200,000 years ago, but
was superseded during the last Ice Age, about 40,000 years ago,
by a type called Cro-magnon man, whose remains resemble the
skeletons of modern men so closely that Cro-magnon man is
included with modern men in the species Homo sapiens.

The exact relationship between early men is still a matter of
dispute. Clearly many varieties, and possibly even species, of
sub-human men must have evolved from a common ancestor
during the early stages of man’s evolution, and probably many of
these early men were ape-like in appearance. Our present evidence
does not allow us to decide to what extent intermarriage may have
taken place between these early varieties of men. During
excavations at Mount Carmel, Professor Dorothy Garrod dis-
covered skulls of Neanderthal man, together with others of a more
‘modern’ type, while in neighbouring graves skulls were found of
a type intermediate between these two forms. Such evidence
suggests that intermarriage probably occurred between the
Neanderthal and Cro-magnon types.

2. IMPLEMENTS, VESSELS, AND PAINTINGS

Many remains of the handiwork of early men have been
preserved, and these record some of the activities of primitive
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man. Chief among these remains are the implements made of
flint and other stones.

Primitive man discovered that sharp-edged tools could be made
by striking flakes from blocks of flint. Many of these flint imple-
ments have been found in cave deposits and river gravels, some-
times associated with the remains of early men.

A SiMpLE TABLE oF PreHIsTORIC TIMES

T

| ApPROXIMATE NUMBER o~
i oF YEARS AGO TypE OF MAN DEGREE OF CULTURE

13,000-Recent Modern man Agriculture. Domestication of ani-
mals. Use of metals replacing
stone tools. Villages.

40,000-13,000 Cro-magnon man | Flint implements.
Cave paintings.
250,000-50,000 Neanderthal man | Flint implements.
Cave dwellers.
100,000—500,000 Java man Use of fire.
Pekin man Cave dwellers.

Flint implements.

In general, two main periods of flint manufacture are recog-
nized. Those implements of the earlier, or Palaeolithic (Gk.,
palaios, old; lithos, stone) period, although skilfully made, are
crude in appearance when compared with the products of the
later Neolithic (Gk., neos, new) period. The intervening Meso-
lithic period shows featurcs intermediate between the other two
periods. A general-purpose hand-axe is the typical large tool of
the Palwolithic period, together with a variety of flake-tools,
while during the Neolithic period a variety of delicately flaked
axes, scrapers, borers, knives, and other tools were fashioned for
various purposes.

The other great discovery made by man in Palzolithic times
was that of the art of fire-making. During the Early Stone Age
(530,000-10,000 B.C.) the greater part of Europe was covered, at
intervals, by ice sheets. The weather was intensely cold at the
peak periods of glaciation, and men lived in caves. Between the
‘Ice Ages’ the weather was much warmer, almost tropical, but
men continued to live in caves for shelter.

Some of the caves inhabited by the primitive men of later
Paleolithic times still contain paintings which they made on the
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CuLTUurRAL PERIODS OF EARLY MaAN!

CULTURAL PERIOD TiME

PaLzoLiTHIC

Lower Paleolithic. Abbevillean (Chellean), Acheu- | ¢. 550,000-250,000 years ago
lean, Clactonian. Early Levallois.

Middle Paleolithic. Late Acheulean and Clac- | ¢. 250,000~100,000 years ago
tonian. Levallois. Moustierian.

Upper Paleolithic. Aurignacian. Solutrean. Mag- | ¢. 100,000~12,000 years ago
dalenian.

MESOLITHIC ¢. 12,000—5000 years ago

LATER PERIODS

Western Europe Western Asia China

Mesolithic Neolithice Mesolithic 5000-4000 B.C.

Mesolithic Chalcolithic? | Mesolithie 4000-3000 B,C.

Neolithic Chalcolithic Neolithic 3000 -2000 B.C.
Bronze

Bronze Bronze, then Bronze 2000-1000 B.C.

iron
Iron Iron Iron 1000—500 B.C.

walls more than 100,000 yearsago. Someof these paintings,of which
two examples are reproduced at pagc 286, show that primitive
man had an acute perception of his surroundings and a consider-
able artistic skill in the depicting of the animals which he hunted.

In the Mesolithic period (see table) the ice-sheets receded in
the Northern Hemisphere, and the climate, animals, and vegeta-
tion like those of to-day developed.

While Europe was still in the Middle Stone Age, the pcoples
of the Near East began to give up a life of hunting and gathering.
They formed into larger communities and commenced agri-
culture, the domestication of animals, the use of copper, the

1 This chronological table was prepared by T. K. Penniman, M.A., Curator of
the Pitt Rivers Museum, Oxford. Palzolithic ‘dates’ follow C. F. C. Hawkes, Museums
Foyrnal, September 1941. )

? During the Chalcolithic periods, both stone and metal were used for tool-making.
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making of pottery and textiles, writing, and music. This probably
occurred between 6000 and 5000 B.cC.

And so with the use of copper metal implements gradually
came to replace those of stone. The Bronze! Age had spread to
Britain by about 1800 B.c., and was in its turn succeeded by the
Iron Age. The replacement of stone by metal implements,

Fic. 196. HaND-AXE oF THE Parzovrnic PERion (left) CONTRASIED WrrH
Morg Finvny WorkeD AXE OF ‘THE NEOLITHIC PERIOD (right)
These figures were dravn fiom the specimens in the Pitt Rivers Museum, Oxford,

together with the general increase in civilization of which this
formed a part, was a gradual process, differing in duration in
different parts of the world, and during the New Stone Age in
Britain the use of bronze and the development of civilization was
already spreading out from the Near East over Asia and Europe.
Eventually iron became the dominant material for implements,
although even in recent times the Australian aborigines and
certain other primitive races of mankind have continued to use
stone tools.

3. REAsoN AND THE HumaNiry oF Man

Our evidence indicates that mankind and apes evolved from
some common ape-like ancestor. Throughout this book the

1 Bronze consists of an alloy of copper and tin, sometimes with the addition of zinc,
lead, or silver. In general it is made up of about go per cent. copper, 10 per cent. tin.
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structural and functional similarities between man and other
living things have been emphasized. Let us therefore close this
chapter with a survey of the features which distinguish man from
the ape and other animals.

Man is chiefly remarkable
among animals for his powers of
conceptual thought and reasoning,
which have evolved together with
the ability to speak. Whereas
other higher animals will, when
hungry, make a noise indicating
hunger, and will search for any
Fio. 137. R,g‘“‘ Pamtive rroM  food, man may consider particu-

o ORMON lar foods and then ask for a plate

draw afher Obermatess approtimsiety ; i i

one-third the $126 of the omgmal of steak and onions. In doing this,
man is considering the situation

on the basis of his past experience. When man is confronted with
an unusual problem he will seek for a possible solution in terms
of past experience. This power of associating past events to meet
a new situation involves a power of reason, which is that which

Ty

Fie. 138. WaALL PAINTING OF A GALLOPING HORSE FROM ALTAMIRA

This painting was in red and 1s here redrawn after Breuil and Schmidt, approximately
one-fifteenth of the original size.

man possesses in contrast to other animals; they are forced to
solve any new situation to which they are unaccustomed, as it
arises, without the aid of conclusions derived from past experience.

We often attribute our emotions to animals, but the evidence
proceeding from experiments on animal behaviour has not shown
that either man’s emotions or his power of reasoning are shared
by lower animals. The spider’s web would at first sight seem to
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be a clever construction, but experiments show that the process
of building is governed by instinct, not reason.

The more advanced animals show a greater capacity for
learning than do the simpler forms. If a tunnel be constructed
with two branches, the one leading to food and the other to an
electric shock, the number of trials and errors undergone by an
animal allow us to assess its learning ability. While earthworms
need several hundred trials before they can choose the right path,
crayfish need only about fifty trials, and the higher mammals
need only one or two.

The so-called ‘intelligence’ of some of the higher mammals
is an extension of this trial and error method. For instance, we
may put food in a box to which access is achieved by the un-
fastening of bolts or catches. Many mammals will learn to open
such a box, but their first few attempts are based purely on trial
and crror, and any success achieved is only a happy accident.
When man is presented with a like problem he will think out a
possible method of approach and then proceed to test his idea.
An element of reason therefore characterizes his behaviour.

We see the beginnings of such a power of reason in the highest
apes. A scientist called Kohler tried to find out what untaught
chimpanzees could achieve by putting food out of their reach,
but providing boxes and sticks which they could use. They piled
boxes one on another to reach food, and even fitted two sticks
together to reach for an especially distant piece of food. In these
actions some degree of insight or understanding of the unusual
situation was perceptible.

Yet these were unusually intclligent animals. Most of animal
behaviour, even in the case of monkeys and apes, seems to be
governed by instinct. Female baboons whose young have died
will carry the corpses until they putrefy and mummify. Yet this
is not an expression of great grief, but a response to a contact
stimulus. The female baboon will react in the same way to any
small, furry object placed in her arms.

Reason is only one of the ways in which man differs from other
animals. Among other unique features of man we find (@) his
extreme adaptability (e.g., European town-dweller and Aus-
tralian aboriginal hunter), which permits a wider distribution
than that of most animals, (b) his traditions and religious beliefs,
(¢) his use of his hands and manipulation of implements, (d) his
relatively slow development and great post-maturity period. All



CHAPTER XXVII
THE THEORY OF EVOLUTION

Some call it evolution,
And others call it God.

W. H. CarrurH, Each in His Own Tongue

THE belief that living things are related to one another and that
they must therefore have been derived from one or more common
ancestors is now so generally accepted that it is well to realize
that this concept of organic evolution, as it is called, is a fairly
recent development of biological thought.

The theory of an evolution of living things was not carefully
investigated until the eighteenth century, although the idea had
been foreshadowed by ancient Greek thought nearly two thousand
years before. During the intervening period most of the authority
on scientific matters was in the hands of the clergy, and many of
these believed that the variety of living things on the earth were
separately and simultaneously created, as is suggested by the
Book of Genesis. Many eminent Church authorities, among
whom were St Gregory of Nyssa, St Augustine, and St Thomas
Aquinas, admitted the possibility of organic evolution, but their
conclusions received less attention than they merited from clergy
and laymen alike, who found difficulty in fitting these views to
the Biblical story.

When the revival of scientific learning took place, at the time
of the Renaissance, the idea that living things have evolved from
some early form of life recurred to scientific workers.

1. THE AGE oF THE EARTH

Most of the early ideas on evolution, however, conflicted with
contemporary estimates of the age of the earth, which were
based on evidence from the Bible. A theory of organic evolution
would require that the earth’s age should be hundreds of millions
of years, yet the seventeenth-century Archbishop Ussher had
estimated by careful calculations that the earth was less than
six thousand years old and, moreover, that God had specially
created man on October 4, 4004 B.C., at 9 A.M.

T 289
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Even fifty years ago geologists and physicists would not admit
that the earth could be more than twenty millions of years old,
but to-day reliable evidence is available which allows that the
age of the earth may exceed five thousand million years. One
line in our present evidence is based on the time required for the
decomposition of certain radio-active elements found in rocks.
The minerals uranium and thorium are present in fairly recently
formed volcanic deposits, but are less abundant in older rocks.
It is known that these elements break down gradually into a
series of radio-active substances which finally form lead, and it
may be calculated with reasonable accuracy that half of any
given mass of uranium will be transformed to lead in about four
thousand million years, assuming that the rate of decay has
always been the same as at present, as seems most likely.
Therefore, by calculating the amount of lead present in any rock,
geologists can now assess with fair assurance its age. They esti-
mate that life originated probably more than a thousand million
years ago. It is not surprising that the early scientists, who did
not possess the means of assessing cvidence we now have, should
have been cautious about the theory of evolution, since in the few
thousand years of which we have any historical record, one could
not expect any very striking changes in living organisms to occur.

However, the evidence to-day for organic evolution is over-
whelming, and most scientists have no hesitation in saying that
the many and varied living things on the earth are related to one
another, and that they have evolved from one or a few common
ancestors. Thus, human beings and apes are believed to have
evolved from some ape-like ancestor. Carrying the process still
further back, it is most probable that men, apes, dogs, cows, and
all other mammals had a common reptilian ancestor, which
was probably not unlike some of the lizards we find on the earth
to-day.

It is uncertain what the ultimate ancestor of the living things
may have been, though the exceedingly simple structure of the
bacteria and the viruses suggests that they bear close relationship
to the first form of life. Some authorities believe that the earliest
form of life was in appearance something like an amceba, but
which must, however, have been capable of photosynthesis, or
in some other way independent of other living things for its food.

We may summarize the evidence for evolution under a few
main headings.
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2. THE EviDeEnce rorR EvoLurioN

Comparative Anatomy. During the seventeenth and eigh-
teenth centuries scientists accumulated a great deal of data
as the result of their studies in the anatomy of animals and plants.
When comparisons were made between the anatomy of various

4 A -
Land Vertebrate

Tic. 139. FORE-LIMBs OF VERTEBRATES

Above ate showti the bones of the hand mn a bat, a bird, and an extinct fish (Osteolepis),
compared with the bones of a typical land vertebrate. Sce al-o Fig. 58.

animals or plants the striking discovery was made that many
organs which at first sight seemed dissimilar were in fact built on
the same fundamental plan. This principle of unity of type is
well illustrated by referencc to the fins of fishes, the wings of bats
and birds, and the hands of land vertebrates (Fig. 139). If we
examine the bones of these limbs we find that there is a great
similarity of pattern, although in the different organisms they
serve different functions.

The study of comparative anatomy has also shown the presence
of vestigial organs in some animals. These are organs which
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have no apparent function, and their presence would be inex-
plicable if it were not for the consideration that animals possessing
such organs have evolved from others in which these organs were
functional. As an example of this functional evolution, let us
take the rudimentary limb-girdles which are found in snakes.
These can be of no use to these animals, which are without
legs, yet if we assume that snakes are the descendants of an
ancestral form possessing legs—which the modern forms have
lost because of their method of locomotion—the presence of a
limb-girdle at once becomes clear. Men have a few tail-bones
and a number of muscles attached to their ears, yet none of us
have long tails while few of us can waggle our ears. Yet these
vestigial organs indicate that man’s ancestor had a tail and could
move his ears.

Classification. The idea of a unity of type shows us that often,
in spite of differences of structure, living things can be related
to one another. When all the forms of life that we know on earth
are arranged in the order of their relationships to one another
we find that they fall naturally into a very gradually ascending
order of complexity. Thus, for example, we can trace a very
complete series of ascensions between fish and men. All the inter-
mediate stages between fins and hands may be found in amphi-
bians and reptiles.

It is true that there are certain gaps between the simplest and
the most complex forms of life, yet we can by comparative anatomy
and classification trace a fairly complete series, from Amceba to
man and from the simplest water-weed to the most complex
flowering plant. This complete series is best explained by the
theory that the more complex types have evolved from the
simpler types.

If we accept this explanation we must then interpret the simple
forms, like Amaoeba, which still live to-day, as the direct and almost
unchanged descendants of one of the earliest living things to
appear on the earth.

The Study of Development. Sometimes two adult animals
appear very dissimilar, yet if we examine their development we
find that they are, in fact, closely related. At first sight the
barnacles would not seem to be related to the prawns and other
crustaceans, yet the larva of these forms are very similar and
indicate a close relationship between the adult forms. Marine
worms and limpets are unlike in appearance, but have similar
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larve. The animals with backbones show remarkable resem-
blances in their early stages. The embryos of a fish, a bird, and a
man are surprisingly similar.

When the gill-clefts of a very young human being were first
noted it was suggested that during their development animals
passed through stages in which they resembled their ancestors.
It would be more strictly true to say that many of the develop-
mental stages of animals resemble the early developmental stages
of their ancestors.

EEASE SDEs s a ey X~ ~ 3

F16. 140. CORRESPONDING IIMBRYONIC STAGES OF A SHARK, A CHICK,
AND A MaN

The embryos have been drawn to the same size for ease in comparison.

We can best account for the close resemblances between the
developmental stages of animals by suggesting that their adult
stages are closely related.

The Record of the Rocks. When men began to investigate
the rocks they found preserved in them as fossils the remains of
animals and plants. The structure of some of these remains did
not resemble that of any of the known forms of life. Many of the
early scientists, influenced by the Church’s teachings, believed
that these fossil remains were left by Noah’s flood, or else placed
there by the devil to test the faith of the true belicvers. Indeed,
the bones of a giant salamander, unearthed in 1726 in Switzer-
land, were labelled ““Man; witness to the Deluge” and described
by the motto

O, sad remains of bone, frame of poor man of sin,
Soften the heart and mind of recent sinful kin !
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Geologists to-day place a more accurate interpretation on the
fossil remains of animals and plants; they have found fewer
fossils in the deeper and earlier rocks and, moreover, have
discovered that the fossils in early rocks are remains of simple
animals and plants only. More advanced forms are only found
in more recent rocks. In fact, the later the rock the more complex
types does it contain, until we find that the most recent rocks
contain fossils of nearly every known living thing to be found on
the earth to-day. An evolution of living things would seem to
be the only possible explanation of this kind of succession of fossil
types in rocks.

The Distribution of Animals. If any further evidence for
evolution were needed it is to be found when the geographical
distribution of animals and plants is studied. It is found that
animals living in the same locality often resemble one another
and differ from types in other localities. For example, in the case
of the wild mammals of Australia the females all have a pouch
in which the young are carried, a feature shared by few other
animals in other parts of the world, although fossils of these
marsupials, as they are called, are found in many places. This
fact may be explained by the suggestion that Australia has been
sufficiently scparated from the rest of the world to allow the
direction of evolution to proceed there more or less independently
of that which took placc elsewhere in the world. Apparently the
more advanced mammals found elsewhere did not evolve in
Australia, and their position as dominant animals is occupied by
marsupials.

Some islands which are well separated from the mainland, are
populated by animals which are peculiar there and arc not found
elsewhere. Islands which are nearer to the mainland, however,
contain for the most part species which also live on the adjacent
mainland. Probably an evolution of type has proceeded inde-
pendently on islands well separated from any mainland, while
islands near the mainland are so often colonized by mainland
forms that new types are less likely to evolve.

3. THE THEORIES oF EvoLuTtiOoN

By the end of the eightecnth century there had been assembled
a great deal of evidence for an evolution of living things, which
had arisen from the researches of anatomists, geologists, and
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naturalists, but most scientists found it difficult to relinquish the
old tradition that species had been separately and simultaneously
created and were unalterable. Thus Baron Cuvier, a very learned
and able geologist, accurately described many fossil remains, but
could only account for their distribution by suggesting that a
number of past catastrophes had annihilated all forms of life, and
that each catastrophe had been followed by a new creation of
living things. Other workers believed that fossil remains bore
witness to the Great Flood, but these theories were short-lived,

for in 1809 the first of the two great theories of evolution was
published.

Lamarck’s Theory. Jean Baptiste Lamarck (1744-1829)
(Plate 30) was born at Bazentin, in Picardy, and was educated
at a Jesuit college. In 1761, during the Seven Years War, he
entered the army, but was forced by poor health to leave it. Later
he studied medicine and botany. In 1788 Lamarck took a post at
the Jardin des Plantes, in Paris. In 1793, at the age of fifty, he
turned to a study of zoology, and in 1802 he invented the word
biology to includc the study of animals and plants.

The theory of organic evolution put forward by Lamarck in
1809 was based on two laws: (1) the law of use and disuse;
(2) the law of inheritance of acquired characters.

The law of use and disuse suggested that the frequent and
sustained use of any organ by an animal during its lifetime would
lcad to an enlargement or development of that organ. Conversely,
it maintained that the lack of use of any organ would lead to its
weakening and eventual disappearance.

Lamarck’s second law suggested that the development or
neglect of any organ by an animal will affect the size of that
organ in the offspring. Thus, to take an example, Lamarck’s
theory would suggest that the long neck of the giraftfe had evolved
because the girafle’s ancestors had stretched their necks in order
to reach the juicy leaves on the higher branches of trees, and had
thus passed on their acquired length of neck to their descendants.

Darwin’s Theory. Charles Darwin (180g9-82) (Plate 30) was
the son and grandson of medical men. When Darwin studied at
Edinburgh he contemplated a medical career, but later, when he
went to Cambridge to study, he decided to enter the Church. This
indecision, together with the poor health which held Darwin back
throughout his life, resulted in an undistinguished university
career.
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While at Cambridge, Darwin formed a firm friendship with
the professor of botany, who persuaded him to study geology,
and later, in 1831, obtained for him a post on the exploring ship
Beagle. On this voyage Darwin accumulated a great store of
observations, which he published in 1835. In his own words,
written in old age, “This voyage has been the most important
event of my life. I owe to it the real training of my mind.”

While on this voyage in the Beagle, Darwin was greatly struck
by the distribution of animals and plants in South America and
near-by islands, and its relation to the forms found as fossils in
rock formations there. He perceived the need for a theory of
evolution in which the evolution of present-day animals from the
simpler types which were present in past ages would be explained;
the results of such evolution were evident; all that he required
was an explanation of the mechanism whereby it might have
occurred. In 1838 he read Essay on Population, by Malthus, a
book which emphasized the constant struggle for existence
between living things. Inspired by this conception, Darwin
founded on it his theory of the origin and evolution of species.
Simultaneously, another naturalist and explorer, Alfred Russel
Wallace (1823-1913), had reached similar conclusions, and the
work of these two men was first published in 1858 as a joint essay.

Darwin’s theory was founded on three sets of facts: (1)
variation, (2) inheritance, (3) natural selection, which were
supported by a considerable number of personal observations.

Briefly, Darwin’s theory suggested that among large numbers
of individuals of any one species we find considerable variation ;
for example, while there may be an average height for particular
species, some individuals will be tall and others short. Darwin
did not attempt to explain the origin of such variations, but
believed that they arose by chance. Some of them, he argued,
would be advantageous to the individuals possessing them, while
others might be harmful.

Darwin then suggested that there is a constant struggle for
existence in nature, and that those individuals that are best
suited to their surroundings will tend to survive rather than their
weaker or otherwise handicapped brothers. Therefore, Darwin
said, there will be a survival of the fittest. Assuming that the
variations which help the animals in their fight for survival are
inherited by the offspring, we can see how helpful variations
might become incorporated in a species, by means of the selection
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and preservation by nature of those animals in which these
variations were present.

The ‘survival of the fittest” did not suggest merely that the
healthier animals or plants survived, but rather that those
individuals which were best suited to their surroundings were
preserved. For example, we find that many races of beetles which
live on oceanic islands have considerably shorter wings than their
relations which live on the mainland. Darwin’s theory explains
this fact by suggesting that from time to time long-winged forms
have becn present in the race, but that these, being accustomed to
flying at fair altitudes, have been carried out to sea by the sudden
and violent gales which sweep over such islands, while the weaker-
winged forms have remained on the islands and produced
short-winged offspring.

The long neck of the giraffe can be explained on Darwin’s
theory by supposing that among the ancestors of the giraffe there
were many that had exceptionally long necks, and that these
had a greater chance of survival than their shorter-necked
relations, thus remaining to produce long-necked offspring.

Comparison between the Theories of Darwin and
Lamarck. The theories of evolution of both Darwin and
Lamarck maintained that variation (in size, shape, colour, etc.)
must occur in any species of animal or plant, though they differed
in their explanation of such variation. Thus Lamarck suggested
that variation was achieved by the conscious striving of many
individuals, and was passed on by them to their offspring;
Darwin believed that variations, good and bad, appeared by
chance in relatively few individuals. If the variation was advan-
tageous the organism possessing it had a greater chance of survival,
but a harmful variation lessened the chance of survival of an
organism possessing it.

The theories of both Darwin and Lamarck required that any
variation in an organism should be inherited by its offspring.
Since the evolution theories were published, the study of heredity
has shown that this is so. Tt has also shown that variations would
appear to be spontaneous and accidental, and has in other ways
suggested that Darwin’s is the more acceptable of the two
evolutionary theories. Nevertheless, it is possible that Darwin’s
theory may be considerably modified by further discoveries,
and it is well to remember that Darwin himself wrote in the
introduction to his theory “TI am convinced that natural
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selection has been the main, but not the exclusive, means of
modification.” .

Present-day Evolution. The study of evolution in the past
raises the question of whether we can detect instances of evolution
proceeding during the present time. There is evidence that in
one group at least we may observe evolutionary changes which
have occurred during living memory. During the past seventy
years or thereabouts certain species of moth in industrial areas
have evolved a black colouration. The earliest known case of
such industrial melanism, as it is called, was provided by the
moth species Biston betularia, in which a black form was discovered
at Manchester in 1850. This black variety has by now almost
entirely replaced the paler form in industrial areas in England and
elsewhere (Plate 32). Another and comparable example of a like
change is given by the moth species Cleora repandata, in which the
pale form was the only one known in industrial areas up till 1850.
To-day it has been almost entirely superseded in these districts by
the black variety carbonaria. Some thirty years ago the pale and
the dark forms were found there in approximately equal numbers.

Melanic variation is known to occur fairly frequently in moths
and in some butterflies, and it seems that in certain cases at least
the melanic variations are hardier than their paler counterparts.
However, in country districts their dark colour probably renders
them very conspicuous and therefore liable to attack by birds.
In industrial areas the abundance of soot provides a background
in which they are less noticeable, and so their pronounced vitality
and their protective colour allows them a greater chance of
survival. This evolution of an animal species in relation to its
environment is of particular interest as representing one of the
few evolutionary changes ever witnessed in nature, and undoubt-
edly a fairly considerable one.

4. THE ORriGIN OF LIFE

The theories of evolution suggest that the first form of life to
appear on the earth must have been a small and very simple
organism, but they do not attempt to explain how the first living
thing can have been formed from non-living matter. Scientists
cannot create living matter, and our present state of knowledge
allows only uncertain speculation on the origin of life. Neverthe-
less, certain facts must have an important bearing on the subject.
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Pasteur’s work on bacteria showed that there is no evidence
that living things arise spontaneously from non-living matter
under the conditions which we find on the earth to-day. It seems
improbable that life, as we know it, could travel through outer
space to our planet and exist. We are therefore forced to conclude
that life must have arisen in the past on our planet.

A study of the simplest forms of life does not solve the problem
of its origin. Even the bodies of bacteria, which are so small
that they cannot be seen by the naked eye, are yet so complex
that they are unlikely to have becen formed by the chance col-
lection of non-living chemicals. The ultra-filterable virgises are
still smaller than bacteria, and seem to be on the borderline
between living and non-living material, yet these organisms will
only exhibit the functions of life when they are associated with
other living things. We can therefore proceed no further in our
speculations. By determining exactly what features of their
surroundings enable the ultra-filterable viruses to exhibit the
functions of life, we may advance nearer to a plausible theory of
the origin of living from non-living matter.

. SUMMARY

(1) There is abundant evidence that all living things are
related to one another, and that they are the descendants of one
common ancestor. The evidence is mainly derived from the
studies of comparative anatomy, classification, embryology,
geology, inheritance, and the geographical distribution of animals
and plants.

(2) Two great theories of evolution were put forward by
Lamarck and Darwin respectively. Lamarck’s theory suggested
that the activities of a living thing will influence its structure,
and any such modifications will be inherited by the offspring.
Darwin’s theory of natural selection supposed that heritable
variations in structure arise by chance, and are preserved in the
race if they confer any benefit on their possessors.

SUGGESTIONS FOR HOME STUDY

(1) Explain how and why the animals and plants on oceanic
islands differ from the forms found on islands near the mainland.

(2) Compare the theories of Darwin and Lamarck. What evidence
would you look for in support of either theory?



CHAPTER XXVIII
THE STUDY OF HEREDITY!

Men are generally more careful of the breed of their horses and dogs
than of their children.

WiLriaM PeNN, Reflections and Maxims, Part 1, No. 85

1. FAMILY LIKENESS

CHILDREN very often resemble their parents in their appearance,
their talents, and their tastes. It is not unusual for a child to
inherit the hair-colour of his father, or the height of his mother,
and in other ways to resemble both parents. There is also evidence
that mental characteristics may be inherited; the families of
Darwin and Huxley provide striking examples of a taste and
aptitude for science and letters which has persisted through many
‘generations.

Genetics (Gk., genesis, descent), the science of heredity, seeks
to discover the mechanism whereby qualities are inherited from
parents to offspring, and attempts to predict the outcome of
particular matings in certain animal and plant species. Genetics
is a comparatively recent science, and as yet we know little about
heredity in man. Results of great practical value to breeders
of domestic animals and cultivated plants have, however, been
obtained. Breeders generally attempt to accentuate the good
qualities of domestic breeds, such as weight and appearance or
milk-production in animals and colour and size in plants, and,
if possible, by carefully selected matings, to combine with these
features an adaptability to certain surroundings and an immunity
to particular diseases.

The results of the early attempts of plant-breeders to produce
new breeds by selective breeding were encouraging, but at times
unpredictable. Their experiments were mainly directed at the
production of hitherto unknown breeds by mating together two
unlike forms of plant. Thus, for instance, a horticulturist named
Fairchild succeeded, during the latter half of the seventeenth

! The science of heredity is a relatively recent and complex science, yet a book of
this type would be incomplete without some mention of the principles which underlie
the science of breeding, and the study of inheritance. The reader should realize,
however, that a chapter of this size can only present a superficial account of this very
intricate science.
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century, in producing a new plant breed by fertilizing the ovules
of a carnation with the pollen of a ‘sweet-william’ flower. The
seed derived from this experiment developed to form a new plant
breed,- which was intermediate in character between its two
parents. Such new breeds produced by the union of unlike
parents are known as hybrids.

Many new breeds of apples, roses, and other garden plants
were developed by those horticulturists who followed the example
of Fairchild. But the new breeds “thus produced were unsatis-
factory in some respects. In many cases these hybrids did not
themselves produce fertile seeds, and could therefore only be
propagated by cuttings, grafts, or some other means of vegetative
reproduction. Those hybrids which did bring fertile seeds did
not always produce offspring like themselves. In many cases the
seeds of hybrids developed into plants which resembled one of the
grandparents, and so the features of the hybrid parent were lost.

The early experiments on animal-breeding were aimed rather
at the improvement of existing stock than at the production of
new breeds. In the latter half of the eighteenth century a prac-
tical farmer named Bakewell sought to improve the quality of
cattle by selective breeding between individuals of exceptional
weight and flesh quality, and in this he achieved considerable
success. Breeders everywhere followed his example, with a
consequent improvement in the domestic cattle of Britain and
Europe. There is no doubt that these experiments of Bakewell
and his contemporaries were accompanied by an improvement
in the conditions under which the cattle lived, and it is therefore
difficult for us to judge to what extent the improvement in
domestic cattle at that time was the result of selective breeding,
since the relative importance of the environment needs to be
taken into consideration.

The experiments of early plant and animal breeders are of
interest because they stimulated research on the problems of
hybridization and the relative importance of heredity and the
environment, so laying the foundations for the science of genetics.
The early breeders were faced by two main problems. First,
they had no reliable means of estimating the relative influence
of heredity and environment (i.e., ancestry and upbringing) in
judging the value of any stock. Secondly, the instability of
hybrid breeds rendered them difficult to perpetuate, except by
vegetative propagation.
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Subsequent researches on these problems of inheritance have
made the study of breeding a more exact science.

2. MENDEL AND THE SCIENGE OF HEREDITY

During the early part of the nineteenth century many investiga-
tors studied the problem of the instability of hybrids. They found
that certain types of inheritance were frequent in particular
hybrid matings, but their experiments were not carried out on a
sufficiently large scale to allow them to predict the proportions
of the various offspring which were obtained by the mating of
hybrids.

The first large-scale and carefully controlled experiments on
heredity in plants were carried out by an Austrian monk named
Gregor Johann Mendel (1822-84) at the Abbey of Briinn, in
Central Europe.

Mendel’s experiments were carried out on that sweet-pea
which belongs to the genus Pisum. This had proved to be
suitable for the work for the following reasons: (1) there is a
number of variations, which are casily distinguished by differences
in height, shape and colour of seeds, and other features;
(2) it is easily kept, and is self-pollinated, whxle the hybrids YICld
fertile offspring.

In the first experiment which Mendel describes, he chose the
form and colour of the seed as the feature to be studied. One
variation of plant normally bore only round, or nearly round,
seeds, while in another variation the seeds had wrinkled coats.
Mendel crossed! these two variations of plant and observed that
round seeds only were produced, irrespective of whether the pollen
was derived from the ‘round’ or ‘wrinkled’ parent.

Continuing this experiment, Mendecl then allowed the hybrid
plants which formed from these round seeds to self-fertilize, and
thereby subsequently to produce seeds. From 253 hybrid plants
5474 round seeds and 1850 wrinkled seeds were obtained, a ratio
of 2:96 : 1. Further experiments showed that about one-third
of the round seeds behaved like the original round seeds of the
grandparents and produced round-seeded offspring only, while
two-thirds resembled those seeds which formed their hybrid
parents. It therefore appears that approximately one-half of
the offspring of hybrid parents will resemble their parents, while

1 In genetics selected matings are termed ‘crosses.’
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the other half will have equal chances of resembling either one
or the other grandparent.

It is interesting to note that the F, (or first ‘filial’) generation
of the experiment described above resembled the ‘round’ rather
than the ‘wrinkled’ parent. It seems, therefore, that certain
characters are dominant to their contrasted counterparts.
Thus it appears that roundness in seeds is dominant, while
wrinkling in seeds is subordinate, or recessive. Mendel found
that the numerical proportions which he had noted in his first
experiment were repeated in experiments with other contrasted
characters.

NUMBERS BEARING
D R DoMINANT CHARACTER
OMINANT ECESSIVE TO THAT BEARING Rarti0
CHARACTER CHARACTER RECESSIVE CHARACTER
IN F; GENERATION
Yellow cotyledons | Green cotyledons 6022 : 2001 30I : 1
Violet-red flowers | White flowers 705 : 224 315:1
Long stem Short stem 787 : 277 2:84 : 1
Inflated pods Constricted pods 882 : 299 2:95 ¢ 1
Green pods Yellow pods 428 : 152 2:82 11

By means of these experiments on sweet peas Mendel showed
that the inheritance of certain characteristics, at least, could be
predicted with reasonable accuracy, since the types of offspring of
hybrid crosses appcared in definite numerical proportions. The
3 : 1 ratio observed can best be explained by postulating the
existence of paired internal factors for the control of any one of the
various features of an organism. Thus in Mendel’s first experi-
ment we may consider that the ‘round’ pea plant had the internal

(original parents) - -— RR X rr
(round) (wrinkled)

F, Rr X Rr (i.e., self-pollination)
(hybrid round)
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constitution RR, while the ‘wrinkled’ pea plant was effected by
the paired factors rr. The hybrid seed, which receives factors
from both parents, will therefore have the constitution Rr. The
3 : I ratio in the F, generation can be explained by the diagram

f1_generation

2z generation

FiG. 141. ErrEcT OF BREEDING TOGETHER Two INDIVIDUALS wiTH CONTRASTED
CHARAGTERISTICS

This diagram shows the offspring (F,) of a cross between a ‘single-comb’ and a ‘rose-comb’
fowl. When two such hybrid offspiing are bied together their progeny (F,;) may arrive in
the proportions shown. The combs of male birds only are shown for ease in comparison.

shown at page 303, in which we sce that the factors Rr must
separate independently during the formation of gametes.

An example of inheritance in poultry may serve to emphasize
this point. The type of comb known as ‘single’ in the Leghorn
and other Mediterranean breeds of poultry is recessive to the
rose comb of the Hamburg and Wyandotte breeds. When the
hybrid rose-comb offspring of pure-bred rose-comb and single-
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comb birds are crossed we find again the 3 : 1 ratios in the F,
generation.! (See diagram Fig. 141.)

These experiments on hybrids, which form the earlier part of
Mendel’s work,? showed that, in some cases at least, the inherit-
ance of characteristics could best be explained in terms of units
called factors, which exist in pairs (though not blended) in
living organisms. And so the reversion of a hybrid’s offspring to
the grandparental type can be identified with the behaviour of
predictable units. Subsequent research has confirmed Mendel’s
work, but shows that cases of simple Mendelian inheritance are
rare, and are usually complicated by the influence of various
modifying conditions.

3. THE EXTENsION OF GENETICS

We owe a great deal of our present knowledge of the principles
underlying heredity to the research work which has been carried
out in laboratories, using very large numbers of animals. One, a
fruit-fly, has proved to be especially suitable for this purpose.
This animal, Drosophila melanogaster, is easily kept, and is very
hardy; it produces many young, and passes through its entire
life-cycle in little more than a week. A year’s work on Drosophila
may reveal facts pertaining to heredity which would have required
more than a century of work to obtain if the experiments had been
carried out on cattle. Many millions of Drosophila are bred
cxperimentally each year.

Laboratory experiments have established the probable position
of the internal factors, the existence of which had been postulated
by Mendel. His experiments showed that characteristics of
organisms, height or colour for example, seemed to be controlled
by pairs of internal factors, and that the gametes contain one
component only of each factor-pair. Thus, the hybrid offspring
of a red flower and a white flower would seem to contain some
factors for redness and an equal number of factors for whiteness.
The gametes, however, contain only one factor, so that half the
pollen grains would seem to bear the white factor only, while the
other half contain only the red factor. We must therefore look

1 This ratio indicates only the degree of probability that the types will appear in
the offspring. It is quite possible that, from among a few offspring, no single-comb
birds would appear.

3 Mendel’s later work has been modified so greatly by subsequent researches that
I have omitted it from this brief survey of heredity.

U
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for some structures which are present singly in the gametes but
are found in pairs in the body-cells.

The chromosomes (see p. 171), which can be seen during cell-
division, are present in pairs in the body-cells, while their}ﬁumbers
are halved during the formation of gametes. Drosophila has only
four chromosome pairs, and these are especially large in the cells
of the salivary glands of this animal. Research work on Drosophila

Fic. 142. RELATIONSHIP BETWEEN CHROMOSOMES AND LXTERNAL FEATURES

On the left 1s shown a normal female of Drosophila melanogaster, and on the right an

individual in which one of the smallest chromosomes 13 missing. Its loss causes differences

of size, shape, and colour. The chromosomes of each fly are shown beside 1t, Redrawn
after Morgan.

leaves little doubt that the hereditary factors, or genmes, are
situated on the chromosomes, and work on other animals and
plants supports this view.

Rescarch work on chromosomes has shown also that sex is a
quality that is inherited. The genes controlling sex are situated
on a special pair of chromosomes, called sex-chromosomes. In
women these chromosomes are similar to one another, and are
denoted by the term XX; men, on the other hand, possess an
unlike pair of sex chromosomes. One of these is an X chromosome,
which is derived from the mother, and the other is a Y chromo-
some, which is received from the father. During the formation of
eggs and sperms all the eggs receive one X chromosome, but only
half the sperms contain® an X chromosome; the other half
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contain a Y chromosome. And so the chances should be equal
as to whether an X-bearing or a Y-bearing sperm will meet an
egg and produce a female or a male respectively.

Some genes are carried on the sex chromosomes, and so the
characters they control may be associated with one sex only. For
instance, in cats the genes for black and yellow colours are carried
on the X chromosomes. The Y chromosome does not bear these
genes. Therefore a tom-cat can be either black or yellow only,
but a female can get both genes, and so be tortoiseshell in colour.
If a tortoiseshell female is mated to a black tom-cat half the female
offspring will be tortoiseshell and half will be black; half the
males will be black and half will be yellow.

Sex-linkage of genes, as it is called, is used by poultry brecders
in order to detect the sex of young chickens. In birds the male has
XX sex chromosomes, the female bears XY sex chromosomes.
In the Light Susscx breed a gene on the X chromosomes stops the
formation of yellow pigment in the feathers. If, therefore, we
mate a Light Sussex hen with a Rhode Island Red cock, the young
cockerels get this gene, and are therefore white, but the pullets do
not get it, and are thereforc yellow. The sexes can thus be
detected at the moment of hatching. '

Heaemophilia is a disease in which the blood does not casily
clot on an open wound, which may result in the sufferer bleeding
to death. The discase is due to the presence of an unusual gene
on an X chromosome. Women seldom suffer from the disease
because the ecffects of the gene for hamophilia are generally
masked by the other gene of the pair, on the other X chromosome.
Men, however, have no gene on the Y chromosome to counter-
balance the gene for hamophilia if it is present, and so they may
suffer from the discase.

Queen Victoria was a carrier of a gene for hemophilia. One
of her sons, Prince Leopold, was ha@mophilic, but King Edward
VII was not, and so no hamophilia is present in the British Royal
Family. Two of Quecen Victoria’s granddaughters inhcrited the
tendency to hamophilia. One married Tsar Nicholas of Russia,
the other married King Alfonso of Spain. In both cases hemo-
philic sons were born.

Work on Drosophila also clarified a problem which had been
observed by many animal and plant breeders, namely, the
sudden appearance of variations in what had hitherto been
regarded as ‘pure-line’ stock. For instance, a red-eyed race would
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unexpectedly produce white-eyed individuals, or long-winged
flies would produce offspring without wings. Sudden inherited
changes in the genes are known as mutations (L mutare: to
change). Clearly detectable mutations were found in Drosophila
to occur once in every 50,000 to 100,000 individuals. The result
of mating a form with mutant characters with a normal individual
has been studied. In most cases the corresponding gene of the
normal individual seems to be dominant to the mutant gene,
which thus rarely appears in succeeding generations.

Geneticists have also been especially occupied with two other
important problems, namely (a) the relative effects of heredity
and the external environment in determining the characteristics
of any individual, and () the influence of the other genes on any
particular gene.

There is evidence that the ancestry of an organism and its
surroundings interact to determine the features of that organism.
Thus in one flower species, one variety (Primula sinensis rubra)
has red flowers if grown at a temperature of 15°-20° C., but
forms white flowers if grown at 30°-35° C. Another variety
(Primula sinensis alba) forms white flowers at all temperatures.
It is clear, therefore, from these and other observations, that the
action of the genes may in some cases be modified by the organ-
ism’s environment.

The possible multiple effects of genes and the interaction
between various genes adds further complexity to the problems
of genetics. Thus in Drosophila the gene for white eye colour
also affects the colour of the testis sheath and the shape of one of
the reproductive organs. Research work has also shown that the
action of any gene may be affected by the other genes in the same
individual. Results such as these emphasize the complexity of
genetics, and explain why so many problems are encountered in
the practical breeding of domestic animals and plants.

4. THE APPLICATION OF GENETICS

The science of heredity still presents innumerable problems
and opportunities for further research. Nevertheless, many of the
experimental results obtained in laboratories have assisted the
work of animal and plant breeders.

Certain varieties of animals and plant species are relatively
insusceptible to diseases which may prove fatal to the normal type
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of the species. For example, Algerian sheep are immune to
anthrax, the West African Negro does not suffer from yellow
fever, while, in contrast, measles is often a fatal disease to American
Red Indians. In some cases carefully selected matings have
enabled plant and animal breeders to produce types which
combine the commercial advantages of one varicty with the
immunity to particular diseases that has been inherited from the
other parent.

The wheats known as ‘Little Joss’ and ‘Yeoman,” which are
widely grown in the British Isles, were developed by Professor
Sir Rowland Biffen, of Cambridge, in the course of scientifically
controlled breeding experiments. ‘Little Joss’ combines a resist-
ance to the wheat-rust fungus (Puccinia graminis) with a high yield
of grain and straw. ‘Yeoman’ wheat combines a high yield with
a type of grain which is very suitable for milling purposcs.

In Java the sugar-cane industry was recently threatened by a
virus disease, but it has been restored and improved by selected
matings between the cultivated type and a local wild type, which
was immune to the virus disease. In this way a new immune
breed with a high yield was achieved.

The account given earlier in this book (p. 263) of the breeding
experiments intended to combat the attacks of the potato-blight
fungus indicated some of the difficulties which may be encountered
by the breeders of domestic animals and plants. The advances in
genetics in the past few decades, however, give good reason for
the expectation that genetics will in the future promote a very
considerable improvement in the domestic stocks of mankind.

Our knowledge of human inheritance is bound to be restricted
by the difficulties of experimental work. The inheritance of a
few marked traits has been studied, and it has been shown that a
number of mental and physical defects are inherited. Such are
hemophilia (p. 307), various forms of mental deficiency, and
many minor abnormalities, as, for instance, brachydactyly, an
absence of one of the joints of the fingers. Most of these abnormali-
ties are controlled by recessive genes, and their cffect is generally
swamped by a dominant gene in the same factor pair. In
conscquence, these and other hereditary diseases are relatively
rare in occurrence. Yet the possibility of masked recessive genes
of this nature is always present, and it is on this account that
marriages between first cousins (especially if there is any indica-
tion of hereditary diseases in the family) are somewhat hazardous.
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Under normal conditions an individual who possesses a recessive
gene for some defect has only about a one-in-seventy chance of
marrying another with the same recessive gene, yet if this in-
dividual marries his cousin.the chances are increased to about
one in eight, since there exists this degree of probability that they
will both have received the same gene from the same grandparent.
The proved inheritance of certain tragic defects lends support
to the view that individuals possessing these abnormalities should
not be allowed to rear children. At present medical men can, in
certain cases, warn married couples when they have a consider-
able chance of producing defective children. Perhaps advances in
genetics may in the future allow us to compute with even greater
accuracy the dangers to the human race if the feeble-minded and
other carriers of harmful traits are permitted to bear young.

SUMMARY

(1) Mendel’s work suggests that any feature of an organism,
say its height or colour, for example, is dependent in the first
instance on two factors, one derived from each parent. These
factors remain distinct throughout the life of the organism and
separate in the formation of gametes, so that for any one feature
half the gametes contain the factor derived from the mother while
the other half contain the factor derived from the father.

(2) Subsequent research has confirmed Mendel’s view, though
it has been extended and modified in many respects.

SUGGESTIONS FOR HOME STUDY

(1) Calculate the probable ratio of the offspring of a cross between
a hybrid ‘single’ comb fowl (Ss) with a pure-bred ‘rose’ comb (SS)
fowl.

(2) Compare, in a wide sense, Mendel’s work with (a) the Cell
Theory, (b) the Atomic Theory in chemistry, indicating how the
definition of units led to great exactitude.



A LIST OF SOME INHERITED CHARACTERS
IN MAN

THE list given below has been derived from a more complete
list in Genetics for Medical Students, by E. B. Ford (Methuen, 1942).
The author of that book recommends ““Caution must be exer-
cised in using this list. In some cases environmental agencies
may modify the expression of a gene.” Other complications may
also operate in the control of the characters mentioned.

(4) Recessive GENES

Red hair. (Probably some complications.)

Blue or grey eyes. (Probably some complications.)
Albinism.

Amaurotic idiocy.

Deaf-mutism.

Red-green colour-blindness. (Sex-linked.)?

Total colour-blindness. (Partial sex-linkage.)
Hare-lip and cleft palate. (Partial sex-linkage.)

(B) DomiNANT GENES
Auditory nerve atrophy.
Congenital cataract.
Diabetes insipidus:
Huntington’s Chorea.
Absence of upper lateral incisors.
Piebalding.
Split foot.
Supernumerary teeth.
Woolly hair (among Europeans).

1 Sex-linked features are usually found in one sex only,
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BOOKS FOR FURTHER READING

I naAvE included in the following list 2 number of books which pro-
vide more detailed accounts of the topics mentioned in the preceding
chapters. The list is not intended to be a comprehensive bibliography.
Rather, it is an attempt to help any reader whose curiosity has been
roused by any of the material included in this book. Many books
which the teacher or the pupil may find valuable as works of refer-
ence are also included. Wherever possible, inexpensive and recently
published books have been chosen.
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SUGGESTIONS FOR PRACTICAL WORK

CHAPTER 1II
THE HOUSE-FLY: A REPRESENTATIVE ANIMAL
(1) Tue Apurr Fry

Obtain some living house-flies. Keep them under an inverted
bell-jar and observe their method of feeding. Make a careful
labelled drawing of one, and identify the species to which it
belongs.

(2) Tue Lecs oF FLies

Examine a leg of a fly under the microscope. Comment on
the structure of the foot of the fly.

F1c. 143. THE ‘Foor’ oF A HoUsE-FLY, SHOWING THE Hooks AND PAps
43

(3) Responses oF FLy-LARVA 1O LiGHT

Blow-fly larvee can be obtained by leaving the body of a dead
bird or other small animal, or some other meat, on a roof in the
spring or summer. Blow-flies will lay their eggs in the meat,
and after some days larve will emerge.

When blow-fly larve have been obtained place them on a
table in a darkened room. Shine a light on the larve from one
side, and observe their movement away from the light. Arrange
another light also at the side of the table, but at right angles to
the first. Switch this on also, and observe the result.
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(4) Tae DicesTIvE SysTEM OF A FLy

By holding a fly larva in a compressorium and examining it
under a microscope one may see the rhythmical movements of
the digestive system inside the larva. Refer to p. 102 for a
description of these peristaltic movements, as they are called.

(5) TRACHEZ

Trachex will be clearly seen in the body of the larva examined
in the last experiment.

Small aquatic larva of may-flies, gnats, and other insects (e.g.,
Corethra) also provide suitable objects for study.

CHAPTER III
THE MEADOW BUTTERCUP: A REPRESENTATIVE PLANT

(1) Species oF BuTTErcuUP

Collect as many different species of buttercup as you can, and
record the differences which you observe.

(2) Roors

Carefully dig up a few small plants and wash their roots.
Notice how the latter are arranged in the soil. Draw the root-
systems in each case. (E.g., consider scparately dandelion,
creeping buttercup, grass, and wallflower.)

(3) TaE BurtERCUP FLOWER

Make a vertical cut through a buttercup flower, using a clean
safety-razor blade. Draw a scction of your flower and compare
it to Fig. 84.

(4) Tue FuncrioN oF PoLLEN

Carefully open several flower-buds from buttercup plants.
Remove the petals and stamens, using fine forceps. Then cover
what remains of the buds with little bags of fine muslin. No
pollen will find its way to the stigmas, and therefore no ripe
fruits will be formed.

In order to show that this failure of the fruits to develop is due
only to lack of pollen, we may, by means of a clean, soft paint-
brush, transfer a little pollen from another buttercup flower on
to the stigmas of flower-buds from which petals and stamens have
been removed. If, as before, we then cover the buds with muslin
bags, fruits will now nevertheless form.
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(5) GERMINATION OF THE BEAN

Pack some bean seeds in damp moss, laid on wire-netting
above a dish of water. Leave in warmth and darkness, and
examine daily.

(6) GErMINATION OF CRESS
Spread some cress sceds evenly on a piece of damp blotting-

paper laid in a dish. Leave in warmth and darkness. Examine
daily.

(7) LEAF-FALL
Gently pull off some leaves of trees in autumn. Notice the
smooth leaf-scars, already covered with cork. Compare these

results with those obtained from a similar experiment in the
summer.

CHAPTER 1V
THE COMPOSITION OF LIVING THINGS

(1) Bopy-ceLLs (Plate 6)

Scrape the inside of your chcek with a finger-nail or a clean
scalpel. Mount the grey fluid so obtained on a slide in salt
solution (o-75 per cent.), and cover with a cover-slip. Examine
under the high power of a microscope.

Stain nuclei by putting a few drops of methyl green at the
edge of the cover-slip and allowing the stain to soak underneath.

(2) CeLLs OF PranTs

Examine (a) a leaf of Elodea (Canadian pond weed), (b) a
moss-leaf, (¢) skin of a laurel leaf, (d) scale of an onion bulb.
All should be examined on a slide under the high power.

(3) Livine CEeLLs

Kill an earthworm in a solution of 70 per cent. alcohol. Make
an opening in the body-wall with scissors, and extract some of the
fluid in the body-cavity with a hypodermic syringe. Place on a
slide and examine under the high power of a microscope. Observe
cells, nuclei, and movements of protoplasm.

(4) Broop-ciLLs
See Experiments 4 and 5, Chapter XI.

(5) Tissues

Examine prepared slides of a frog’s intestine, a nerve, blood,
and a plant stem. Describe the many different types of cells
that you find.



SUGGESTIONS FOR PRACTICAL WORK 321

CHAPTER V
CLASSIFICATION
(1) INTER-SPECIFIC DISSIMILARITIES

Collect grasses and record their differences in appearance and
structure. Examine leaves of Ranunculus acris and Ranunculus

repens (p. 37)- , o
Examine wings of Musca domestica and Fannia canicularis (p. 28
and Fig. 12).

(2) WEIGHT oF BEANs

Weigh a number of freshly gathered beans or peas. Plot the
numbers of each weight as a graph.

(3) DIFFERENCES BETWEEN FLOWERS

Examine three flowers and note all the differences that you
can.

Suggested types: wallflower, sweetpea, buttercup, daisy.

CHAPTER VI
HOW PLANTS FEED

EXPERIMENTS ON PLANT NUTRITION
(1) THE NEecessity FOrR CERTAIN ELEMENTs (Plate 4)

Take a number of gas-jars and cover them with black paper
to exclude light. Fit each with a cork pierced by three holes.
Insert short lengths of glass tubing in two holes, leaving the
central hole for the plant. Fill the jars as follows:

Jar 1: Full Solution

Potassium nitrate, 2 grammes.

Magnesium sulphate, o-5 gramme.

Calcium sulphate, o-5 gramme.

Ferric phosphate, o-5 gramme.

The whole dissolved in two litres of glass-distilled water.

Far 2: Nitrogen-deficient Solution

Make a solution similar to that in Jar 1, but substitute
potassium sulphate for potassium nitrate.

Far g : Sulphur-deficient Solution

As for Jar 1, but substitute magnesium nitrate for magnesium
sulphate, and calcium nitrate for calcium sulphate.

X
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Far 4: Phosphorus-deficient Solution
As in Jar 1, but substitute ferric sulphate for ferric phosphate.

Jar 5: Calcium-deficient Solution

As in Jar 1, but use magnesium nitrate in place of calcium
sulphate.

Jar 6: Potassium-deficient Solution

As in Jar 1, but substitute sodium nitrate for potassium
nitrate.

Jar 7: Totally Deficient Solution
Fill jar with glass-distilled water
only.

Young grass seedlings of similar size
and age are placed through the central
holes in the corks, so that their roots
just dip into the water, and are held in
position by packing with cotton-wool.
The glass tubes, which are also plugged
with cotton-wool, serve for the daily
aeration of the solutions, and the addi-
tion of more distilled water, if needed.
After some weeks the plant in the
full culture solution should be healthy,
while those grown in solutions deficient
in certain elements should exhibit a
starved and stunted appearance.

Culture (2) THE NECESsITY FOR CHLOROPHYLL

A leaf of Pelargonium, or of some
other plant with variegated leaves, is
kept in the dark for twelve hours (in
order to remove starch) and is then
left in bright light for some hours.
- Draw the leaf, recording the position

of the coloured portions. Dip the leaf
[ N o . ca

in boiling water, and then decolourize it
me. 144. APPARATUS TOR  hy placing it in a warm solution of 70

ATER-CULTURE EXPERIMENTS

Tube 4 is used for renewal of the  PET cent. alcohol. Wash the leaf, and

solution, and tube B for theaera-  then immerse it in a solution of iodine

in potassium iodide. Compare those
portions stained dark blue with those marked in your drawing.
Starch, which stains blue in the presence of iodine, is only found
where chlorophyll is developed.

solution




SUGGESTIONS FOR PRACTICAL WORK 323
(3) To sHow THAT THE CARBON DIOXIDE IN THE ATMOSPHERE
IS NEEDED FOR STARCH-FORMATION
(a) Smear some vaseline over both sides of a green leaf on a
plant. Leave for some days, remove the vaseline, and then test
for starch. Little or no starch will be found.
(b) In order to show that it is CO, which is the necessary
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Fic. 145. EXPERIMENT TO sHOW THAT CARBON DIOXIDE IS NEEDED FOR
STARCH-FORMATION IN A LEAF
The apparatus should be exposed to strong sunlight.

factor for photosynthesis, place two plants under separate bell-
jars. In one bell-jar place some caustic potash (potassium
hydroxide), which will absorb the CO,, and allow air to enter
this jar only through soda-lime, which also absorbs CO,. The
other jar has free access to the air. After some days examine the
plants and test their leaves for starch.

(¢) Take a starch-free plant which has been in darknes for
twelve hours and place one of its leaves in a jar containing caustic
potash (Fig. 145). After exposure to light for some hourstess
the leaves, as above, for starch.

(4) To sHow THAT WATER 1s IMPORTANT FOR STARCH-FORMATION

Place a plant in the dark for forty-eight hours, thus ensuring
that there is little or no starch in the leaves. Having removed
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the leaves, place one in water, another in a dry container, and
put both in light. After six or eight hours test for starch.

(5) THE RELEASE OF OXYGEN DURING PHOTOSYNTHESIS

Set up the apparatus shown in Fig. 146. Canadian pondweed
(Elodea canadensis) or Water Crowfoot (Ranunculus aquatilis) are

@——— Oxygen

Elodea

Frc, 146. LEXPERIMENT TO SHOW THAT OXYGEN IS GIVEN OFF BY A
WATER-PLANT IN LiGHT

suitable water-plants. Bubble carbon dioxide from a Kipp’s
apparatus into the water. Leave the apparatus in sunlight.
Bubbles will rise from the plant and replace water in the test-tube.
When enough gas has collected in the tube, test for oxygen; the
gas should rekindle a glowing splint.

Repeat the experiment, having first boiled the water to drive
off the carbon dioxide. Observe the result.

(6) StomaTA

Strip the outer layer off a leaf of bean, iris, or narcissus. Mount
this in water and examine under the microscope.



SUGGESTIONS FOR PRACTICAL WORK 325

(7) AR IN LEAVES

Take some privet leaves that are without scars. Seal the ends
of the leaf-stalks with vaseline or plasticine. If a leaf is then
immersed in water heated almost to boiling-point bubbles will
appear on the under-surface of the leaf as air in the leaf is ex-
panded by the heat and escapes through stomata.

EXPERIMENTS ON TRANSPIRATION
(8) To smow THAT WATER IS GIVEN OFF BY A PLANT As IT
TRANSPIRES

Take a potted plant and cover it with a bell-jar. Place a pot
of earth under a similar bell-jar. Note that after a short time
drops of water will appear on the inside surface of the first bell-
jar. Water-vapour given off by the plant has condensed on the
cold surfaces in the inside of the bell-jar.

(9) To MEASURE THE RATE OF TRANSPIRATION

Set up the apparatus shown in the accompanying figure.
As the branch transpires it will draw water from the jar in which

::'4-'4—-- Water reservoir

Air-bubble travellin,
along graduate
tube

Transpiring
leaty shoot

(dragrammatc

Fic. 147. A PoTOMETER
An apparatus used to show that a leafy branch transpires,

its cut end is immersed, and consequently water will pass along
the capillary tube. If the other end of the capillary tube is raised
from the beaker for a few seconds a bubble of air will form, and
will be drawn along the tube. The rate of movement of the bubble
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will give some indication of the rate of transpiration of the branch.
Such an apparatus for measuring the rate of transpiration is
called a potometer.

(10) To sHow THAT TRANSPIRATION TAKES PLACE THROUGH
SToMATA

Smear vaseline on (a) the upper surface, (b) the lower surface,
or (¢) both surfaces, of the leaves of the transpiring branch in
Experiment 9 above. Note the effects on the normal rate of
transpiration.

(1r1) RoOT-HAIRS

Grow cress seedlings between sheets of wet blotting-paper.
Examine the root-hairs.

CHAPTER VII
THE SOIL AND PLANT GROWTH

(1) THE WATER-CONTENT OF SOIL

First weigh a sample of fresh soil, then dry it at a temperature
of 100° C. until its weight is constant. The difference between
the first and final weights will tell us the amount of water in
the sample.

(2) THE HuUMUS-CONTENT OF SOIL

Take the dry soil left from Experiment 1 above and heat it
strongly in a crucible until it turns red. Weigh again and note
the loss of weight; this loss consists mainly of humus.

(3) THE AIR-CONTENT OF SOIL

Place some fresh soil in a measuring cylinder, thus recording
its volume. Pour on it an equal quantity of water, and stir.
Water will replace the air between the soil particles, and the
total volume will be less than the sum of the original volumes of
soil and water; the difference in volume will represent the
volume of air in the original sample.

(4) Tue INFLUENCE oF LiME oN Soir

Fill two jars with water and add a little clay to each. Stir so
as to make a muddy liquid, and then add a little lime to one
jar. Leave for a short time and note the result, comparing it
with that in the jar containing clay only.
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'5) ExamiNaTION oF Roor-BACTERIA (Plate 6)

Carefully dig up, wash, and examine the roots of a clover,
upin, pea, or bean plant, which is growing in ordinary garden
soil. Notice the root-nodules. Crush.a small portion of a root-
nodule on a slide and examine under the high power of a micro-
scope; note the bacteria.

/6) Worms AND SoIL

Take a glass jam-jar and in the bottom put some stones, after-
wards adding alternate layers of damp sand and soil. Cover the
top layer with leaves, place a few worms inside the jar, and cover
the top with cardboard. After some days you will see that the
worms have burrowed, started to consume the leaves, and mixed
the sand and soil.

CHAPTERS VIII anp IX
FOOD AND DIGESTION

(1) AN AnaLysis oF Foop

(a) Carbohydrates

Many carbohydrates are soluble in water; a few are insoluble,
or only slightly soluble.

Sugars. Glucose (grape sugar), sucrose (cane sugar), and
maltose (malt sugar) are found in food materials. These sugars
are soluble in water. Glucose and maltose turn brown when
heated with caustic soda or caustic potash, while sucrose does not.

Starches. Starch is to be found as food reserves in plants. The
tubers of potatoes in plants contain much starch. A compound
called glycogen, allied to starch, is to be found in the livers of
animals. Starch is not soluble in water.

Tests by Means of Colour Reactions

Sugar. Add glucose to equal quantities of Fehling’s solutions
A and B. On warming the resulting solution, an orange preci-
pitate will appear. Sucrose will not give a precipitate with
Fehling’s solution unless it is first heated with dilute sulphuric
acid, which converts it to glucose.

Starch. Shake up powdered starch in water and add iodine
solution. A blue colour will appear, which will disappear on
boiling and reappear on cooling.

(b) Proteins
Many proteins are insoluble in water, while others are soluble.
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When proteins are heated they coagulate (i.e., form a hard jelly);
this coagulation is irreversible.
White of egg belongs to a type of protein called an albumin.

Colour Test

(1) Add five drops of strong nitric acid to five millilitres of
white of egg. A white precipitate will be formed which on boiling
turns yellow. Allow this to cool, and add three drops of ammonia
(specific gravity 0-880). A bright orange colour indicates protein.

(2) Add four drops of Millon’s reagent to five millilitres of
white of egg and warm. A red colour indicates protein.

(c) Fats and Oils

Fats and oils are generally insoluble in water, but soluble in
ether or chloroform.

Colour Reactions

(1) Take some olive-oil and smear it on a slide. Expose the
slide to fumes of 2 per cent. osmic acid, and note black coloura-
tion.

(2) As above, but dip slide into Sudan 3 solution, and note
red colouration.

(2) THE AcTiONs OF DIGESTIVE JUICES

The Mouth. Saliva, which contains the enzymec ptyalin, is
formed in the mouth. Spit into a test-tube, and then dilute the
saliva with ten times its volume of distilled water. Take ten
millilitres of this solution and add two millilitres of g per cent.
starch solution. Place the test-tube in a beaker of warm water,
heated to about g7° C. Test after two minutes with Fehling’s
solution. Note by the red colouration present that starch has
been converted into sugar.

Repeat, having first boiled the saliva solution. Note that no
digestion occurs; the enzyme has been destroyed.

The Stomach. Obtain a commercial preparation of pepsin.
Add this to a small piece of boiled white of egg and leave over-
night. Observe that the insoluble protein has been converted to
soluble peptones.

The Pancreas. Commercial pancreatic extracts will convert
starch into sugar. Pancreatic juice also converts small pieces of
meat and white of egg to soluble peptones. Add small pieces of
meat or egg to a test-tube of pancreatic fluid and leave overnight.
Observe the result next day.
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(3) DiGEsTION IN THE EARTHWORM
Open an earthworm by means of a single longitudinal cut
down the dorsal side. Notice the digestive system. Examine a

diagram of the digestive system of a worm in a more advanced
text-book. Draw a labelled diagram of your dissection.

(4) DicestTioN IN THE FroG

Examine a dissected frog and note the digestive system. Com-
pare it with those of a worm and a man.

CHAPTER X
RESPIRATION

(1) CarBoN Dioxipe anp Foop ComBustion

Burn a little sugar in a gas-jar in which there is a test-tube
containing lime-water. Notice that CO, is given off by the
burning sugar. .

(2) REespiraTiON AND HEAT PrODUCTION
Experiment at p. 21.

(3) WATER IN BREATH

(a) Cobalt chloride is blue when dry, but pink when moist
Soak filter-papers in a 5 per cent. solution of cobalt chloride and
then dry. Breathe on one of these papers and observe the result.

(b) Breathe on to a mirror and observe the condensation of
water in the breath, which forms as droplets on the mirror.

(4) Lunc Caracrty

Ascertain with a tape-measure the circumference of your chest
and those of your friends. Measure the expansion when you
breathe deeply.

Record the approximate volume of your lungs by taking a
deep breath and then breathing out through a tube so arranged
that the other end projects under the edge of an inverted bell-
jar filled with water and standing in a dish containing water.
The volume of water displaced will approximate to your lung
capacity.

Is there a relation between the degree of chest expansion and
that of lung capacity?

(5) BREATHING-TUBES IN INSECTS

Place a small aquatic larva of a may-fly or gnat on a slide,
and cover with cover-slip. Observe trachee.
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Alternatively, remove tissues from body of cockroach and look
for trache= under a microscope.
Look for spiracles on the body of a caterpillar. .

CHAPTER XI
TRANSPORT

(1) ConpucTiNG TisSUES OF STEMS

Examine prepared slides of transverse and longitudinal sections
of stems—e.g., buttercup, oak. Compare with Plate 12.

(2) ConpuctiNG Tissues IN LEAVES

Place some leaves in water and leave them for some weeks,
until all except the ‘veins’ have rotted away. Alternatively, look
in autumn for rotted leaves in pools of water.

(3) ConpuctiNG Tissues IN FLOWERS

Leave some cut shoots of white phlox or of narcissus with their
cut ends immersed in diluted red-ink. Observe the veins in the
petals, reddened by the ink which is conducted by the vascular
tissue. :

(4) Broop-sTRUCTURE IN THE FroOG

Smear a drop of frog’s blood on a slide; cover with a cover-
slip. Examine under microscope. Compare with Plate 9.

Put a drop of methyl green or methyl violet at the edge of
the cover-slip. It will soak underneath and stain the nuclei of

blood-corpuscles. Compare these last with those in human
blood.

(5) HuMAN BLOOD-STRUCTURE

With a sterilized needle prick your finger just behind the nail.
Smear the drop of blood which emerges on a cover-slip, and
place this rapidly, blood side downward, on a slide. Examine.

The needle may be sterilized by heating it to a red heat in a
bunsen flame.

The addition of a solution of salt will prevent the corpuscles
clinging together. The proportions used should be eight grammes
of salt to one litre of water.

Stain as in Experiment 4. What do you observe?

(6) CuemricaL CHANGES IN BrLoop
Put a few drops of fresh blood in a test-tube. Add first a little
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distilled water, and then a few grains of powdered sodium
hydrosulphite.

This chemical removes the oxygen from the blood, which then
turns purple. Shake the test-tube, and note that the scarlet
colour is restored. Why?

(7) THE HEART-BEAT

Discover the rate of your heart-beat by feeling your pulse,
which is situated on the inner side of the wrist. Lie down, stand
up, and take exercise, and note the effect of all these variations
on the rate of heart-beat.

(8) HEART-BEAT AND RESPIRATION

Examine a water-flea (Daphnia) under the microscope, and
notice the heart beating. With a fine glass tube, bubble expired
breath into the water containing the water-flea. Note that the
heart-beat slows as the CO, content of the water increases.

(9) Te FLow oF Broop

Anzsthetize a tadpole in a 2-per-cent. solution of ethyl urethane.
When it ceases to move, lay it on a moist slide, and examine the
tail under the low power. Observe the flow of blood in the
capillaries. If the tadpole is young and still possesses external
gills examine the flow of blood in these also.

(10) BLoop SErUM

Blood plasma contains a substance which causes blood to clot.
A portion of the plasma, however, does not clot, but remains
fluid. This portion, which is called the serum, can be observed
in a beaker of blood which has becen left to clot.

CHAPTER XII
MOVEMENT AND SUPPORT

(1) ComposiTION OF BONE

(a) Place a small bone on a tripod and heat strongly in a
bunsen flame. After half an hour’s heating allow it to cool, and
compare its brittleness with that of an unheated bone.

(b) Leave a bone in dilute hydrochloric acid for some days
and then wash it thoroughly in water and examine its flexibility.

(2) TeENDONS

(a) Bend the hand downward and note the large tendons on
the inner side of the wrist.
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(6) Stretch the fingers and note the movement of tendons on
the back of hand.

(3) SKELETONS

Examine the skeletons of a fish, a bird, a rabbit, and a man.
Note differences between the teeth of a sheep and those of a man.

(4) VERTEBRE

Examine and draw the vertebrz of a man and those of a rabbit.
Draw vertebre from the cervical, thoracic, lumbar, sacral, and
caudal regions, and also note and draw the atlas and axis
vertebre.

CHAPTER XIII
EXCRETION: THE REMOVAL OF WASTE

(1) WATER IN BREATH
Breathe on a polished mirror. Note the condensation of water
in the breath settling as droplets on the mirror.

(2) AMounTs OF SWEAT AND URINE

Notice that we pass urine more frequently and in greater
quantities in cold weather. In hot weather we sweat more
rapidly. Explain the relation between these facts.

(3) Composrrion oF URINE

Evaporate some urine by heating in an evaporating dish.
Notice what is left.

Test the residue with Nessler’s reagent, which becomes orange
in presence of ammonia. Test fresh urine, diluted with water, in
the same way.

(4) Human Skin

Examine a prepared slide of human skin, and look for the
sweat-glands. Note also the sebaceous glands, which supply an
oily fluid to the hairs.

(5) Coorine BY EVAPORATION

Damp your hand with water. Placeitin a draught and note
the cooling effect. Repeat, using a few drops of ether. The
cooling effect is greatly increased, because ether evaporates more
quickly than water. In both cases expose untreated hand also
to the same draught. (Why should one do this also?)
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CHAPTERS XIV anp XV
THE NERVOUS SYSTEM; HORMONES AND GLANDS

(1) ResponsE OF EYELIDS TO LiGHT OR MOVEMENT

Suddenly shine a torch into the eyes of a friend. Try to prevent
your eyes blinking when a hand is clapped just in front of them.

Observe the state of the pupil when a torch is shone in front
of it.

(2) Errects oF LicHT ON DAPHNIA

Place a jar containing Daphnia in a darkened room; shine a
bright light into the jar. Observe the response of the organisms.
Leave the jar in darkness for an hour and then repeat the experi-
ment. Compare the results obtained in the two experiments.

(3) STRUCTURE OF MamMALIAN EvE

Obtain an eye of a sheep or other large animal from a butcher
or slaughter-house. Cut it in half lengthwise. Examine and draw.

(4) REsPONSE OF SEEDLINGS TO LIGHT

Plant some oat grains or mustard or cress seeds in damp soil,
near the surface. Three sets should be planted: one to be placed
in darkness, one in a brightly illuminated place, lighted from
every angle (out of doors in summer), and one in a place lighted
from one side only. Observe the results after two days. Could
differences in temperature alone have caused the resulting
divergencies? How would you find out if temperature was the
cause?

(5) RESPONSE OF SEEDLINGS TO GRAVITY

Germinate broad beans in a mixture of equal parts of fine
sand and sawdust. When the roots are about an inch long remove
three beans. Mark their roots as in the experiment shown in
Fig. 78.

Fix the beans, by means of long wires or pins, to the cork of a
wide-necked bottle, the sides of which are lined with damp
blotting-paper. The beans should be so fixed that the roots are
horizontal.

If the apparatus is left overnight and examined the next day
the roots will be found to have curved downward. The bending
will have occurred in the region of active growth.

Why should the roots be kept in darkness?

(6) REesponse oF A Prant SHOOT TO GRAVITY
Lay a potted plant on its side, point the plant shoot towards
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the window, and leave the plant for a few days. Explain your
result, and also explain why it was necessary to point the plant
towards light to demonstrate this positive geotropism.

(7) CoLOUR-CHANGES OF PRAWNS

Obtain a few live prawns. Constrict the eye-stalks of one
prawn at the bases with fine forceps. Cut off the eyes with sharp
scissors. After twenty-four hours the eyeless prawn will be much
darker than the untreated animals. This will be especially
noticeable if all the animals have been left on a white background.

Mash the two removed eye-stalks in five millilitres of sea-water,
and then inject o-1 millilitre of this fluid into the eyeless prawn.
Note the change of colour. Examine the animal under a low-
powered microscope.

CHAPTER XVI
GROWTH AND SIZE

(1) Periop oF MaxmaL GrowTH IN Roots

A flat box is filled with sand and covered with cardboard.
Before the cardboard is attached, some soaked beans are laid
on the surface of the sand. The box is then stood on one of its
edges. In this way seedlings with straight radicles are obtained.

Cotton is then taken, with which, after it has been soaked in
Indian ink, a number of horizontal lines are marked on the
radicle at intervals of one millimetre. The seeds are then attached
by pins to a piece of cork, with their roots pointing downward,
and are placed in a jar which has been lined with wet blotting-
paper. After they have been forty-eight hours in a warm, dark
place, examine them, and note the position of the lines on the
radicle. (See Fig. 78.)

(2) Periop oF MAXIMAL GROWTH IN SHOOTS

Collect a number of young branches from the dog-rose, apple,
or some other rapidly growing shoot. Measure the distance
between successive nodes, and record this graphically.

(3) INFLUENGE OF PrINGIPAL GROWING-POINT

Sow broad beans in fine soil near the surface. When the first
leaf has developed cut off the growing tip. The bud in the axil
of the leaf will thereupon.grow, while if it also is removed the
buds in the axils of the cotyledons will begin to grow.

(4) RiNnes oF ANNUAL GROWTH
Examine prepared slides of young and old woody stems.
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(5) CeLL-DIVISION

Examine prepared slides of sections of root-tips, stained to
show stages of mitosis.

(6) CHROMOSOMES

Crush some anthers of a flower! on a slide, add to them a drop
of aceto-carmine, cover them with the cover-slip, and examine
under high-power. The chromosomes should stain red.

CHAPTER XVII
PLANT REPRODUCTION
(1) Bups
Cut the terminal bud of a chestnut twig vertically in two.

Examine the tightly packed leaves. Leave another chestnut twig
in water indoors in the warmth, and study its development.

(2) A ComparisoN OF Bups

Examine the opening buds of sycamore, lime, beech, ash, and
horse chestnut in the spring. Compare these buds and record
your results.

(3) BuLss

Obtain the bulb of a tulip or an onion and the corm of a
crocus. Cut each specimen in half and draw the cut surfaces.
Explain the differences which you observe.

(4) Foop Storace IN Roorts

Obtain specimens of the lesser celandine, draw its root-system,
and explain what you observe.

(5) FERN SporEs

Examine with a lens the lower surface of a fern frond, and
look for sporangia. Remove some sporangia, and place them on
a glass slide. Examine under the microscope.

(6) FERN PROTHALLI

Put some fine soil on a flat dish under a glass cover. Dampen
it with water and sow on it some ripe fern spores. Keep the
dish for three or four months, seeing that the soil is kept moist.
Examine the prothalli which should form.

1 Lathyrus latifolius, the everlasting pea, is a very suitable plant for this purpose
(see School Science Review, XXIII (1942), No. go, p. 227).



336 MAN AND OTHER LIVING THINGS

(7) STRUCTURE OF ANTHERS AND OVULES

Examine prepared slides of the transverse section of an anther
and the longitudinal section of an ovule.

(8) ExAMINATION OF POLLEN-GRAINS

Examine the pollen-grains of various plants and record the
differences. Stain with iodine or acetic methyl green to show
the #wo nuclei. The grains will become more transparent by
treatment with chloral hydrate or carbolic acid.

Types to examine: narcissus, hollyhock, broad bean, crocus,
wallflower.

(9) GrRowTH OF POLLEN-TUBES

Pollen-grains will form pollen-tubes if placed in solutions of
sugar (5—20 per cent.) and left in darkness and warmth for a
few hours. Stain as above and note the three nuclei. Look for
streaming movements of the protoplasm.

(10) STRUCTURE OF SEEDS

Soak various seeds in water for twenty-four hours. Then cut
open and examine them. The distinction between the following
types of seed should be noticed:

(a) Endospermic (i.e., where albumen is formed inside the
embryo-sac)—onion, castor-oil seed, maize.

(b) Non-endospermic—bean, pea, vegetable marrow.

(r1) Frurrs AND SEEDS

Collect a number of fruits and seeds. Make drawings of them,
explain the nature of their parts, and discuss their probable
means of dispersal. Identify the plants from which you gathered
the seeds and record all your observations carefully in your
note-book.

(12) Foop MaTERIALs IN Frurts, SEEDS, ETC.

Test for foodstuffs in fruits, seeds, and organs of asexual repro-
duction by means of the methods outlined on p. 327.

Types for study: potato, apple, bean, castor oil, iris rhizome,
wheat.

CHAPTER XVIII
ANIMAL REPRODUCTION
(1) AsexuaL ReprobuctioN IN HyYDRA

Collect water-weed from a slowly running stream and look
for specimens of Hydra, If any are found, keep them in a well-
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balanced aquarium and feed them with Daphnia. After some
weeks asexually formed buds should appear.

(2) REGENERATION

Obtain some flat-worms by placing a little meat on a dish in
a running stream. Using a sterilized razor-blade, cut these
animals as is shown in Fig. 148. Keep them for a week or so
in a dish of pond-water and note the regeneration of lost parts.

(2)

(@) (b) a

Fi1G. 148. EXPERIMENT OF REGENERATION

(a) A flat-worm, Planarta, with 1ts head spht by a single median cut; (b) the same animal

some weeks later, when each half of the head has regenerated the missing portion, giving

the ammal two heads, (1) and (2) the central portion of a cut planarnian regenctates both a
head and a tail.

(3) Seerms aND Eces oF THE FroG

Place some pairing frogs in a tank containing a little water.
Note that eggs pass from the body of the female frog and that
the male frog deposits a grey fluid containing sperms on to the
eggs. Collect some of the eggs and sperms and examine them.

(4) SpErMs OF THE EARTHWORM

Open a freshly killed earthworm and place the contents of
the seminal vesicles in 0-75 per cent. of salt solution. Examine
these under the microscope and notice the sperms in various
stages of development. Examine the contents of the spermatheca
and look for mature and active sperms.

Y
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(5) SPERMs OF THE SNAIL

Living spermatozoa may be removed from the genital duct of
the pond snail, Limnea, and examined in a drop of the snail’s
blood, under the high power of a microscope. )

(6) PrEGNANCY IN MAMMALS

Dissect a pregnant mouse or rabbit, and note the young in
the uterus, each attached to the wall of the uterus by a placenta.

(7) THE Foop-VALUE oF MILK

Examine a chart showing the chemical composition of milk.
Comment on the value of milk as a food for a baby. What other
foods will the baby require to obtain a full supply of vitamins?

CHAPTER XX
BACTERIA AND VIRUSES
(1) BAcTERIA

Place a slice of potato in water, and after some days examine
a drop of the water under the high power of a microscope.
Notice the bacteria present.

(2) THE CuLTURE OF BACTERIA (Preliminary Tests)

Obtain some flat glass dishes called Petri dishes (or some test-
tubes) and sterilize them by leaving them in an oven heated to
100° C. for twenty to thirty minutes. When they are cool pour
in a hot solution of gelatine or of agar jelly. Cover the dishes
at once. (Plug the mouths of the test tubes with cotton wool
which has been just singed in a bunsen flame.) Various tests
are now possible, using the sterile jelly, for example:

(a) Add a drop of milk (diluted one millilitre of milk to one
hundred millilitres of sterile water) to melted gelatine.

(b) Breathe hard on the surface of the gelatine.

(¢) Expose two dishes for five minutes in the classroom (a)
before, and (b) immediately after, sweeping.

Bacteria should be tested for after all these processes have been

completed. In all these tests keep an untreated control as a
check.

(3) THE CuLTURE OF BAGTERIA (Advanced Tests)

Consult a more advanced text-book for more detailed informa-
tion on the culture of bacteria (e.g., Introduction to Laboratory
Technique in Bacteriology, M. Levine (Macmillan, 1933)).
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(4) FrLiEs AND BACTERIA

Capture a fly, preferably one feeding on a refuse dump, and
allow it to walk over a sterile dish of gelatine. Remove the fly,
cover the dish, and examine after some days.

(5) PREPARED SLIDES OF BACTERIA
Examine prepared slides of bacteria.

CHAPTER XXI
- PROTOZOA AND ALGZE

(1) Tre CuLTUuRE OF PrOTOZOA

Place a few leaves, taken from a pond or stream, in a jar of
pond-water. Add a little hay. Leave for some weeks, examining
some of the water at regular intervals under the high power.

(2) TrE Acrion oF CiLia

Examine a fragment cut from the gill of a living fresh-water
mussel under the high power of a microscope. The beating of
cilia will be seen.

(3) Foop VacuoLks IN PARAMEcIUM

Examine living specimens of Paramecium which have been
fed with Indian ink. Observe the food vacuoles.

(4) THE ‘SKELETONS’ OF PROTOZOA
Examine prepared slides of Foraminifera and Radiolaria.

(5) Parasitic ProTOZOA

Extract some of the contents of the rectum of a dissected frog.
Mount some of the material in a o-75 per cent. salt solution.
Examine under a microscope and look for living parasitic
protozoa.

Examine prepared slides of malarial and trypanosome para-
sites.

CHAPTER XXII
THE FUNGI
(1) Tue CurLTure oF Funor )

Place some damp bread under a bell-jar and leave it for a
few days, until it becomes covered with Mucor and other moulds.
Examine these moulds under the high power of a microscope,
and draw them.
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(2) Tue CuLTurRE oF Mucor

Examine the moulds which appeared in the previous experi-
ment. Select a white mould, and lightly touch it with a clean
paint-brush. Then touch the surface of sterile gelatine in a Petri
dish with the same brush. Cover the dish quickly, and leave for
a week or more. See whether Mucor has grown at the points
touched by the brush.

(3) THE Srores oF A MusHROOM

Remove the pileus from a mushroom and place it on some
slightly moistened and gummed paper. Cover it with an inverted
jam-jar, and leave for some hours. When the jar-and pileus are
then removed a ‘print’ of the spores will be left on the paper.

(4) Yeast AND CArRBON DioXIDE

Place some yeast in a dilute sugar solution. Observe the
production of CO, (Fig. 114).

(5) SAPROLEGNIA

Leave a dead fly or some other insect in a jar of pond-water
for some days. It may become covered with a white mould called
Saprolegnia. Scrape off a little of this white, furry substance
and examine it under a microscope.

CHAPTER XXIII
LIVING TOGETHER

(1) A BEe-HIVE

Examine frames containing honey and brood-cells taken from
a bee-hive. Observe and comment on the construction of the
hive. ’

(2) POLLEN-BASKETS

Examine a worker bee which is visiting flowers in summer.
Look for the pollen-baskets on the hind limbs.

(3) CoLour-visioN AND MEMORY IN BEEs

Read the account of experiments on the colour-vision of bees
described in The Personality of Animals, by H. Munro Fox (Pelican
Books, 1940).

(4) A Formicary

You can construct a formicary, in order to observe the habits
of ants, by enclosing two glass plates, about twelve inches square,
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in a wooden frame, separated by an interval of a quarter of an
inch or less. The interval should be filled by finely divided earth.

The apparatus is covered by a dark cloth when not under
direct observation, and is surrounded by water or finely divided

plaster to prevent the escape of the ants, which are placed in the
carth when the apparatus is complete.




FILMS

The films included in the list below have been selected as examples of
instructional films dealing with the subject-matter closely related to the text
of this book; they represent merely a selection of the films issued by Gaumont
British Instructional, Ltd.

F.595. The Blow-fiy.

F.555. The Life-cycle of a Plant (the Lupin).
F.533. Roots.

F.714. Celenterata (polyps and jellyfish).
F.635. Annelid Worms.

F.800. Crustacea.

F.824. Arachnida (spiders and scorpions).
F.825. Onychophora and Mpyriapoda (centipedes and millipedes).
F.634. Marine Sand Animals.

F.689. Animals of the Rocky Shore.

F.661. Interdependence of Pond Life.

F.560. How Plants Feed.

F.528. Breathing.

F.625. Blood.

F.626. Circulation.

F.823. The Fern.
"F.722. Pollination.

F.723, 724, 729, 828. Methods of Seed Dispersal.
F.545. The Cabbage.

F.548. The Frog (a life history).

F.614, F.697. The Sea-urchin (development).
F.792. The Development of the Trout.

F.726. The Development of the Chick.

F.559. The Filter (purification of water).
F.561. Ameba.

F.725. Paramecium. .

F.698. Fasciola (the liver fluke).

F.6o1. Wood Anis.

F.551. The Tortoiseshell Butterfly.

F.821. The Emperor Moth.

F.544. White Flies and Tomatoes.

Gaumont British Instructional has also made the following films for the
British Council, from whom they may be obtained: (1) The Life-cycle of the
Pin-mould; (2) The Life-cycle of Maize; (3) The Life-cycle of the Newt; (4) The
Development of the Rabbit.
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ABBEVILLEAN period, 284

Absciss layer, 187
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Acheulean period, 284

Acromegaly, 164

Actinomorphism, 179

Adrenal glands, 163, 164

Agaricus campestris, 236—238

Air-sacs of house-fly, 24

Albinism, 311

Albumin, 328

Alcohol, 233, 239-241

Alge, 224-231, 279

Alimentary canal, 101, 102

Almonds, 89

Altamira, wall-painting from, 286

Alternation of generations, 175, 176

Alveoli, 113-115

Amber, 268

America, 258, 262

Amino-acids, 103, 108

Ammonia, 79, 8o

Ammonites, fossil, 276-2%78

Ammophila holosericea, 156, 157

Ameba proteus, 62, 225, 226, 290, 292

Amphibia, 63; respiration of, 113

Amylase, 103, 108

Anabolism, 48

Anaerobic respiration, 239, 240

Anzmia, 89, 123

Anwmsthetics, 198, 215

Anatomy, investigation of, 17

Anatomy, comparative, 291

Andrcecium, 180

Anemone alpina, 77

Anemone sulphurea, 77

Aneurin, g1

Angiosperma, 61, 279

Animals, food of, 85-99, 142; respira-
tion of, 109-117; growth of, 170;
reproduction of, 189—201; domesti-
cation of, 284; distribution of, 294

Annelida, 6o, 62

Anodonta, 59

Anopheles stephensi, 229, 230, 265—7

Antenne, 251, 260

Anthers, 32, 178-181

Anthrax, 209—212, 217, 309

Anti-toxin, 218

Antibodies, 214, 215, 217, 218

Antisepsis, 215, 216

Antlers, 194

Ants, 156, 247, 253, 254

Anus, 101, 104, 141

Aorta, 124—-126

Apanteles glomeratus, 261—262

Apes, 280, 290

Aphis, 253

Apices, 169

Appalachian Mountains, 275

Appendix, vermiform, 101, 103, 245,
246

Apple, 183, 184, 186, 188, 241, 245,
301; chromosomes of, 171

Apple-scab, 242

Aquinas, St Thomas, 289

Arachnida, 62

Araneus diadematus, 157

Archzopteryx, 275

Aristotle, 189-191

Arm, bones of, 132, 135

Arteries, 124, 120, 127

Arterioles, 105

Arthropoda, 52, 59, 62, 138, 156-158

Articulation, 132

Arum maculatum, 49, 50

Ascorbic acid, 92

Asepsis, 215, 216

Asexual reproduction, 175-178, 192,
193, 226, 230, 234, 235, 238

Ash of plants, 64

Aspergillus niger, 232, 233

Atlas vertebra, 132

Augustine, St, 289

Auricles, 124, 126

Aurignacian period, 284

Australia, 257, 258, 204

Auxins, 160, 170

Average in variation, 54

Axillary bud, 32, 33

Axils, 32, 33, 186, 187

Axis vertebra, 132

Axon, 149

Azotobacter, 8o

BaciLLus, 209; types of, 214
Bacillus radicicola, 80
Backbone, 131

Bacon as food, 100

343
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Bacteria, 63, 76-80, 84, 103, 121,
123, 172, 190, 192, 206, 208-223,
240, 247, 290, 299

Bacterium mycoides, 80

Bakewell, Robert, 301

Balard, Antoine J., 211

Banting, Sir Frederick G., 165

Barley, 239

Barnacles, 292

Basidia, 237, 238

Basidiospores, 237

Bats, 291

Beagle, voyage of the, 296

Beans, 36, 89, 167, 247

Beech, 183

Beef, 88

Beer, 211; making of, 239-243

Bees, 38, 62, 181, 182, 205, 247-253,
256

Beetles, 297

Beri-beri, go-93

Best, Charles Herbert, 165

Biceps, 130

Bile, 103

Binary fission, 192

Binomial system, 51

Biogenesis, 190

Biology, definition of, 15

Birds, 63, 113, 158, 173, 199, 200,
275, 291, 293 -

Birth, 197-201

Birmingham, flies in, 28

Biston betularia, 298

Black-currants, 93

Blackbird, 63

Bladder, 143, 195, 196

Blood, 46, 112, 119—-128

Blood corpuscles, 120, 229,
white, 214, 215; red, 228

Blood-poisoning, 214

Blood-pressure, 126, 127

Blood-transfusion, 128

Blow-fly, 26-28, 165, 318

Body respiration, in plants, 112

Body temperaturc, 143, 144

Boils, 209, 214

Bones, 136, 138. See also Skeleton

Bordeaux mixture, 262, 263

Boron, in plants, 65

Brachial artery, 127

Brachydactyly, 309

Bracts, 183

Brain, 149153

Bread, 88, 100; making of, 241

Breeding, selective, 300-310

230;
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Britain, geological periods of, 271
et seq.

Bronchiole, 114

Bronchus, 113, 114

Brontosaurus, 276

Bronze Age, 285

Brood-cells, 252

Broom-plant, 188

Bryophyta, 58, 61

Buds, 32, 33, 186, 187, 193

Bulbs, 185

Butter, 88, 93, 97, 100

Buttercup, meadow, 31-40, 56, 61,
179, 183, 319, 320

Butterflics, 38, 62, 181, 182, 189,
259—262

Buffon, G. L.. Leclerc, Comte de, 190

CABBAGE, 88, 259

Cacti, enemies of, 259

Cactoblastis cactorum, 259

Caxcum, 103

Calcium, 64, 65, 89

Calories, 87, 88

Calorimeter, 87, 109

Caltha palustris, 58

Calyx, 180, 183

Cambium, 169

Cambrian period, 271, 272, 279

Campion, 182

Cancer, 173

Canine teeth, 106

Capillaries, 114, 122124, 126, 127

Capsulcs, 227, 228

Carbohydrates, 46, 89, 91, 142, 247,
327

Carbolic acid, 216

Carbon, 64, 65, 89

Carbon assimilation, 66

Carbon cycle, 116

Carbon dioxide, 18, 19, 35, 66, 79,
109-117, 124, 126, 198, 226, 233,
239, 323

Carboniferous period, 274, 279

Carbuncles, 173

Cardioceras cordatum, 277

Calliphora erythrocephala—see Blow-fly

Carnations, 162, 301

Carotene, f-, go

Carotid artery, 125

Carpels, 32, 36, 132, 135, 178-181

Carrots, 9o

Cartilage, 134, 136-138

Casein, 100

Cataract, congenital, 311
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Caterpillars, 156, 157, 260

Cats, 63, 256, 307-

Cattle, food of, 38; breeding of, 3o1

Cave paintings, 283, 284, 286

Cells, 41-45, 66, 71, 118, 119, 146,
148, 149, 169, 191, 197, 224;
division of, 170-172, 183

Cellulose, 103

Cenozoic period, 277-279

Cereals, 31

Cerebellum, 149, 152

Cerebral hemispheres, 152

Cerebro-spinal fever, 214, 219

Cerebrum, 149, 152

Cervical vertebra, 131

Cetiosaurus, 275, 276

Chalaza, 191

Chalcolithic period, 284

Chalk, 17, 228

Chara fragilis, 266

Cheese, 88, 89, 208

Chellean period, 284

Chemical tests, 17—19 et passim

Chemotherapy, 218-220

Chimpanzees, 287

Chitin, 139

Chicken—see Fowls

Chickenpox, 220, 222

Chlamydomonas, 227, 228

Chlorophyll, 35, 36, 65, 67, 227, 232,
245, 322

Chloroplasts, 67, 71

Chocolate, 88

Cholera, 209

Chordata, 52, 63

Chorea, Huntington’s, 311

Chromatophores, 16

Chromosomes, 171, 172, 306-310

Chrysalis—se¢ Pupa

Cider, 241

Cilia, 226, 236

Ciliary muscles, 154

Circulatory system, 118-129, 204

Clactonian period, 284

Classification, 49-63, 292

Clavicle, 134, 135

Clay, 75, 77

Cleavers, 184

Cleora repandata, 208

Clostridium, 8o

Clover, 83, 247, 256

Club mosses, fossil, 274

Coccus, 208, 209

Cochlea, 154

Cockroach, 104, 274
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Cocksfoot grass, 57

Cod, 63

Cod-liver oil, 88, go, 92, 93, 97

Ccelenterata, 62

Coffee, 100

Coffee disease, 242

Cold (coryza) 220, 222

Collagen, 136, 138

Colouration, protective, 298

Colour, attractive to insects, 182;
of hair and eyes, 311

Colour-blindness, 311

Columella, 234

Combustion, 109, 110

Commensalism, 246, 247

Communities, 245

Compositz, 50

Condensation, 68

Conidia, 235, 236

Conifers, 61, 274, 279

Conjugation, 226, 227, 234

Connective, 180

Conservation of Energy, Law of, 87,
88

Conservation of Matter, Law of]
86

Constipation, 141

Control, biological, 256-267

Controls, use of, 21

Copper, 65, 123, 284-5

Copulation, 195

Coral, 62, 273

Cork, 187

Cornca, 154

Corolla, 180, 183

Corpuscles—see Blood corpuscles

Cortex, 74, 118, 169

Cotyledons, 36

Cowpox, 222, 223

Cows, 63, 290

Cowslip, 53

Crab, 62; regeneration of, 193

Cranesbill, 38

Cress, 36, 37, 89, 159

Cretaceous period, 275-277, 279

Cretins, 163

Cro-magnon man, 280~282

Crocus, 160

Crop, of cockroach, 104

Crops, rotation of, 82-84

Crustacea, 62, 138

Cuckoo-pint, 49

Culex, 265

¢ Curly-top * disease, 222

Cusps of teeth, 105, 107
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Cuttings, 186, 187

Cuvier, Georges C. Dagobert, Baron
de, 295

Cytoplasm, 224, 226

DABCHICK, 59
Daisy family, 50
‘Damping off,” 242
Dandelion, 31, 182
Daphnia, 59, 196
Darwin, Charles, 80, 256, 295, 300
Dead Nettle family, 50
Deaf-mutism, g11
Decay, 211—216; of teeth, 106
Dendrites, 149
Dentine, 105, 106
Dermis, 144
Description, biological, 16, 17
Devonian period, 271, 273, 274, 279
Diabetes insipidus, 311
Diaphragm, 114, 115
Diastase, 68, 239, 240
Diatom, 225
Digestion, 100-108, 156, 319
Digits, 133
Dinosaur, 63, 275, 276
Diphtheria, 209, 210, 214, 217, 218
Distemper, 222

+ Dogfish, 63, 148
Dogs, 63, 106, 107, 143, 153, 196,

222, 290

Domagk, Gerhard, 219
Dominant characteristics, 303-310
Dragontflies, fossil, 274
Drosophila melanogaster, 305-308
Drugs, 218-220
Dubois, Dr Eugene, 281
Dumas, Jean Baptiste André, 211
Duodenum, 101, 103
Dwarfs, 162, 163

Eags, 146, 154, 155; human, muscles
of, 292

Earth, age of, 289, 290

Earthworms, 62, - 76, 189, 194;
blood of, 15; effect on soil, 80-82;
Californian Orchard, 82; English
Brandling, 82; respiration of, 112;
respiratory pigment of, 123; ner-
vous system of, 148-150; intelli-
gence of; 287

Ecdysis, 139

Echinodermata, 62

Eggs, 191, 193, 194; of house-fly, 25-
27; of hen, as food, go, 100; of
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ferns, 177, 178; of hen, 18g; of
malarial parasite, 230; of bee, 249,
250; of cabbage white butterfly,
260; of Apanteles glomeratus, 261

Egg-white, 328

Egg-yolk, 89, 91-93

Ehrlich, Paul, 218, 219

Embryo, of bean, 36; of rabbit, 197;
of sea-urchin, 197; of frog, 197;
of mammals, 197; of chick, 197,
293; of man, 198, 293; of fish,
293; of shark, 293

Embryo-sac, 183

Empusa musce, 29

Emulsification, 103

Enamel of teeth, 105, 106

Endocrine glands, 162

Endodermis, 73, 74

Endoskeletons, 139

Endosperm, 183

Energy, 47, 86-88, 1og-111, 116,
142; kinetic, 47, 116; potential,
47, 116

English girls, height of, 54, 55

Environment, 30

Enzymes, 68, 101-103, 105, 108, 110,
239, 328

Eohippus, 277, 278

Eocene period, 277-279

Epidermis, of fuchsia leaf, 66; of
root, 74; of man, 144

Equus, 278

Eras, geological, 270-279

Erepsin, 108

Etiolation, 169

Euglena viridis, 227, 228

Eustachian tube, 154

Evolution, theory of, 289-299

Excreta, of the house-fly, 25; of
animals, 84; of man, 85, 86, 101;
of bacteria, 210; of Paramecium
caudatum, 226

Excretion, 123, 141-145

Exoskeleton, 139

Expiration, 115

Eyes, 146, 154; of house-fly, 24, 25

Fasrg, J. H., 156

Fabricius, Hieronymus, 121, 122
Factors, 305

Feces, 141, 184, 245

Fairchild, James H., 300, go1
Families of plants, 50-52
Fannia canicularis, 27, 28

Fats, 46, 89, 90, 103, 328
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Feathers, 144

Felis. leo, 52

Felis tigris, 52

Femoral vein, 125

Femur, 132, 135

Fermentation, 211-214, 239-243

Ferns, 58, 61, 175-177, 279; fossil, 274

Ferrets, 222

Fertility, effect of vitamin E on, g2

Fertilizer, 77, 82-84

Fever, 215

Fibula, 132, 135

Filament, 180

Fire, 283

Fish, 15,63, 112, 113, 170, 194, 199,
243, 291, 203; fossil, 272, 273.
See also under appropriate names.

Flagellum, 227

Fleas, 172, 206. See also Watcr-fleas.

Fleming, Sir Alexander, 216, 219,
220

Flies, 189, 190. See also under
appropriate names.

Flint implements, 282-285

Flocculation, 77, 78

Flowers, 31, 178—182, 279

Feetus, 198

Food, of house-fly, 23; of plants, 64;

of ammals 85-99, 109, 142; of

insects, 88

Foot, split, 311

Foot-and-mouth disease, 221, 222

Foraminifera, 227

Formica sanguinea, 254

Fossils, 268—279, 293, 204

Fowl cholera, 212, 217

Fowl plague, 222

Fowl pox, 222

Fowls, 63, 189, 194, 197, 307;
culture of heart tissue, 43; as
food, 88; embryo of, 293; brecd-
ing of, 304, 305

Foxtail grass, 57

Frogs, 43, 63, 121, 123, 146, 149,
150, 152, 164, 193, 195, 197, 199,
200, 204, 250

Fruit, 183, 184; as food, 97; chro-
mosomes of, 171

Fruit-fly, 305

Fruitlet, 35

Fuchsia, 66

Fundulus heteroclitus, 266

Fungus, 29, 63, 211, 220, 232-244,
309

Fur, 144
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GALEN, 121, 122

Galileo, 203

Gall-bladder, 101, 103

Gambusia affinis, 266

Gametangia, 233-235

Gametes, 171, 177, 305

Gametophytes, 61

Gammarus, 59

Ganglia, 156

Garrod, Professor Dorothy, 282

Gastrocnemius, 146

Genera, 52

Generation, spontaneous, 189, 190

Gencrations, alternation of, 175, 176

Genes, 306310

Genesis, Book of, 289

Genetics, 300-310

Geology, 270-279

Geotropism, 159, 160

Germination, 36; epigeal, 37; hypo-
geal, 37

Giants, 162, 163

Gill-clefts, of man, 15, 293; of fish,
112, 113

Giraffe, 295, 297

Gizzard, 104

Glands, 102, 143,
ductless, 162—165

Glucose, 108, 233, 234, 239-241, 327

Glycerol, 103, 108

Glycogen, 89, 104, 130, 142, 327

Gnat, 265

Goats, 257

Goldfish, 243

Gorilla, 281

Grafts, 186-188

Graminez, 58

Grapes, 188

Grasses, 31, 57, 160, 256

Gravity, effect of, on plants, 159

Greenfly, 253

Gregory of Nyssa, St, 289

Grew, Nehemiah, 203, 204

Growth, 167-174; abnormal, 173,
174

144, 159-166;

* Gymnospermsz, 61, 279

Gynacium, 180, 181

HEMOCYANIN, 123
Hamoglobin, 89, 121, 123
Hemophilia, 307, 309
Hair, 194, 311

Haiti, mosquitoes in, 16
Halibut oil, 92, 93
Halteres, 23



348

Hare-]uy, B

Harrison, R. G., 43

Harvey, William, 121, 122, 204

Hazel, 183

Heart, 122, 124, 125

Heat, generated by growth and
decay, 20, 21; generated by Asper-
gillus niger, 233, 234

Heat receptors, 146, 155

Hedgehogs, 222

Height, of English girls, 54; of
Scotsmen, 54; of Sicilians, 54

Helmont, Jean Baptiste van, 189

Hen—see Fowl

Herbals, 50

Heredity, 300-311. See also Inherit-
ance

Hermaphroditism, 32, 194

Hermit crab, 246, 247

Herring, 63, 194

Hexuronic acid, 92, 93

Hill, Sir Archibald Vivian, 115, 116

Homo sapiens, 282

Honey, 247- 253

Honeycomb, 249

Honey-dew, 253

Honeysuckle, 182

Hooke, Robert, 203, 204

‘rlopkins, Sir Frederick Gowland, go

Hops, 240

Hormones, 123, 159-166, 194

Horse, history of the, 277—278, 286

Horsetails, fossil, 274

House-fly, 22-30, 39, 62, 138, 139,
148-150, 318, 319

Humerus, 128, 132, 135

Humidity, 144

Humus, 75, 77

Huxley, Thomas H., 300

Hybrids, 301-305

Hydra, 62, 192

Hydrochloric acid, 102

Hydrogen, 89

Hydrolysis, 68

Hydrophobia, 212

Hyphz, 232, 234-238

IcHNEUMON flies, 261, 262
Idiocy, amaurotic, 311
Immunization, 212, 217, 218
“ucisor teeth, 106, g11
s, 155
“le paralysis, 222
ation, 215
220-222
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Inheritance, 295-297. See,also He-
redity .

Inoculation, 217, 218

Insects, 22-30, 35, 39, 49, 62, 76, 88,
112, 138, 139, 148-150, 172, 181,
274, 318, 319

Inspiration, 114

Instinct, 156-158, 254, 286, 287

Intercostal muscles, 114

Internodes, 32

Intestinal glands, 108

Intestines, 101, 103~105

Ircland, potato-blight in, 262

Iris diaphragm, 154

Iron, 64, 65, 89, 123

Iron Age, 285

Iron sulphide, 269

Islands, fauna of, 294

“Jack IN THE Purpit,” 49
Jamaica, 257

Java, 309

Java man, 280283

Jellyfish, 45, 62

Jenner, Edward, 222, 223
Joints, types of, 134, 136, 137
Jugular vein, 125

Jurassic period, 275-277, 279

KaraBorism, 48

Kidneys, 142, 143, 195, 196
Killifish, 266

Kingcup, 56

Kingdoms, 52, 61-63
Kippers, as food, 88
Klinostat, 159, 160

Knee jerk, 150

Kohler, Wolfgang, 287

LABIATE, 50

Laburnum, 188

Lacteals, 104, 105

Lactic acid, 213

Lactic acid bacteria, 63

Lactose, 213

Lamarck, Jean Baptiste, 295

Lamellz, 237

Larva, of house-flies, 26; of mayflies,
59; of dragonflies, 59; of gnats,
59; of blow-flies, 165, 318; of
bees, 248—250; of ants, 254; of
cabbage white butterfly, 260; of
mosquitoes, 265, 266; of barnacles,
292; of limpets, 292; of marine
worms, 292; of prawns, 292
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Larynx, 114

Lathyrus odoratus, 149

Laveran, Charles L., 264

Lavoisier, Antoine Laurent, 109, 110

Lead, 270, 290

Leaf-roll, 222

Leaves of meadow buttercup, 31

Leeches, 60, 62

Leeuwenhoek, Antony van, 123, 190,
205, 206

Leg, bones of, 132, 135

Leguminosz, 50

Lemons, 9294

Length, mecasurement of, 19

Lens, 154

Leucocytes, 121

Levallois period, 284

Life, origin of, 298, 299

Ligaments, 136

Lignin, 118

Limb-girdles, 292

Lime, 17, 77

Lime-water, 17

Lime fruit, 92

Limnea, 59

Limpets, 292

Linnzus (Carl von Linné), 51, 52

Lions, 52

Lipase, 103, 108

Lister, Joseph, Lord, 216, 218, 220

Liver, 101, 103, 104, 121, 174; as
food, 91, 93

Liver Fluke, 62

Liverwort, 61

Lizards, 63, 257

Lobster, 193; respiratory pigment of,
123

London, flies in, 28

Loam, 77

“Lords and ladies,” 49

T.umbar vertebre, 131, 132

Lungs, 112-116, 124, 174

Lung-capacity, 329

Lunin, Dr, go

Lymph, 126

Lymphatic system, 104, 105, 126

M anp B 693, 219
McCarrison, Sir Robert, g8
Magdalcnian period, 284
Maggots—see Larve
Magnesium, 64, 65

Maize, 239 .
Malaria, 62, 228-230, 264267
Malleus, 155
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Malnutrition, 95-98

Malpighi, Marcello, 123, 204

Malpighian tubules, 104

Malt, 239

Maltase, 108, 240

Malthus, Thomas R., 296

Maltose, 108, 239-241, 327

Mammalia, 52, 63, 290; teeth of,
106; respiration of, 113; fossil, 2775

Man, biology of; 15; cells in body of,
42; water content of body of, 45;
elements in body of, 45; variation
in, 53, 54; classification of, 63;
caloric requirements of, 88; chemi-
cals in body of, 8g; digestive
system of, 101; teeth of, 107;
respiration of, 112-117; blood of],
120-128; neurones of, 149; ner-
vous system of, 151-158; growth of,
170; chromosomes of, 171; sizc
of, 172, 173; reproduction of,
193-201; embryQ of, 198, 293;
parasites of, 228-230, 245, 246;
social life of, 254; paleontology
of, 277, 279-288; reason in, 285-
287; differential characteristics
of, 287, 288; descent of, 290; gill-
clefts of, 293

Manchester, flies in, 28, 298

Manganese, 65

Manson, Sir Patrick, 264, 265

Manure, 77, 82-84

Marrow, 121, 136

Marsupials, distribution of, 294

Mastication, 105

Mating, 25, 194-201, 300-310; be-
tween distinct specics, 53

Maturity, 194

May-fly, 205

Meadow buttercup—see Buttercup,
meadow

Meadow fescue, 57

Meadow grass, 57

Measles, 220, 222, 309

Meat, 97, 189, 190

Medulla, 149

Meganucleus, 226

Melosis, 171, n. 1

Melanism, industrial, 298

Mendel, Gregor Johann, 302-310

Menstruation, 196

Mental deficiency, 309

Mercuric oxide, 109

Meristems, apical, 169, 171

Merychippus, 278
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Mesolithic period, 283, 284
Mesozoic period, 2775-277, 279
Metabolism, 46-48
Metacarpals, 132, 135
Metal, use of, by man, 283
Metatarsals, 132, 135
Mexican Swordtail, 53
Mice, 173, 189, 222, 256
Micro-organisms—see Bacteria
Microbes, 28
Microns, 20
Micronucleus, 226
. Micropyle, 183
Microscope, 203-207; electron, 220
Middle ear, 154
Milk, 88-go, 92, 93, 97, 98, 100,
102, 108, 208, 210, 212
Milk-teeth, 107, 108
Miocene period, 278, 279
Miohippus, 278
Mistletoe, 245, 246
Mitosis, 171-173
Mohl, Hugo von, 44
Molar teeth, 106
Mollusca, 62, 189
Mongoose, 257
Moor-hen, 58, 59
Mortality, 200
Mosaic disease, 222
Mosquito, 229, 230, 264—267
Mosses, 58, 61, 177, 178; fossil, 274
Moths, 62, 182, 298
Moth-borer, 259
Mould—see Fungus
Moulting, 162
Mount Carmel, 282
Moustierian period, 284
Mouth, cells of, 42, 43;
function of, 102
Movement, 130140
Mucor, 63, 232, 233
Mules, 53
Mugs, 220, 222
147, *gfstzca—s e House-fly
Mushroom &o, 131, 136, 142, 146,
Music, 285
Mussels, 62, 138
Mustard, 83
Mutatlons 308
Mycehum, 232_237

digestive

*26-238

NaroLeow I, 16, 22
Natural selecuon 296
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Nautilus, pearly, 276

Navel, 199

Neanderthal man, 280-283

Nectar, 38, 181, 248, 249

Nectaries, 32, 54, 178, 181

Needham, John T., 190

Negro, West African, 309

Nematoda, 62, 245, 246

Neolithic flints, 283, 284

Nervous system, 42, 43, 146-158

Neurones, 148

Newt, 63

Nicotinic acid, 91, 93

Night-blindness, 91, 93

Nitrobacter, 85

Nitrogen, 64, 65, 79, 80, 83, 84, 89,
113, 142

Nitrosomonas, 8o

Nodes, 32

Nucleus, of cell, 41, 44; of chromo-
some, 172; of flower ovule, 181;
generative, 183; tube, 183

Nuptial flight of bees, 252

Nuts, 183

OAKs, 61, 245
Oatgrass, 57
QOatmeal, 100
Oats, 83, 161, 239
Ocelli, 24, 25
Octopus, 62
(Esophagus, 101, 102, 104
Oils, 46, 328
Olecranon process, 131
Olfactory lobe, 149
Oligocene period, 278, 2v9
Oliver, Dr George Sheffield, 81, 82
Onion, 171, 185
Optic lobe, 149
Opuntia inermis, 257, 258
Opuntia stricta, 257, 258
Oranges, 92-94, 183
Orders, 52
QOrdovician period, 271-273, 279
Organisms, 46
Organs, 41
Osmosis, 68-70, 72, 139, 225, 226
Ostrich, 63
Ovary, 181 183, 193, 196
Oviduct, 195, 199
Ovule, 32, 61, 181, 183
'}yum, 192-198. See also Egg.
O 256, 8
12 9, 109-117, 123
4’ I& 6, 23 3
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PavzovrtHic flints, 283, 284

Palxozoic period, 268-275, 279

Pancreas, 101, 103, 108

Panthera leo, 52

Panthera tigris, 52

Paramecium caudatum, 62, 226

Paraminobenzenesulphonamide, 219

Parasites, 228230, 245

Parthenogenesis, 196 n. 1, 250

Pasteur, Louis, 190, 210—212, 217,
220, 299

Pasteurization, 213, 214

Patella, 135

Pathogenic bacteria, 210

Pavlov, Alexis Petrovith, 153

Pea family, 50

Peach, 183, 222

Pear, 186. See also Prickly-pear

Peas, 20, 21, 83, 89, 184, 247

Pectoral girdle, 134

Pekin man, 280283

Pellagra, go-93

Pelvic girdle, 134, 135

Penicillin, 220

Penicillium notatum, 220, 232

Penis, 195, 196

Pennsylvania, 273

Pepsin, 102, 108

Peptones, 102, 103, 108, 328

Perianth, 183

Periods, geological, 270-279

Peristalsis, 102

Peristome, 226

Permian period, 274, 275, 279

Perspiration, 85

Petals, 32, 54, 178-180, 182

Phagocytes, 214, 215

Phalanges, 132

Pharynx, 112

Phloem, 118, 119, 169

Phosphorus, 64, 65, 84, 89

Photosynthesis, 35, 47, 65-67, g6,
110, 111, 116, 117, 159, 160, 224,
227, 232, 290

Phototropism, 159, 160

Phyla, 52, 178
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Pimples, 214

Pin-mould, 232, 233

Pines, 279; fossil, 274

Pineal gland, 149, 163

Pinks, 182

Pituitary gland, 149, 163-164, 195

Placenta, 198, 199

Plague, 209, 214

Planaria, 337

Planorbis, 59

Plants, nutrition of, 64-84; transpira-
tion of, 70-73; respiration of,
110-112; support of, 139, 140;
tropisms of, 159; growth of, 167,
168; reproduction of, 175-188;
development of, 205

Plasma, 120, 123, 230

Plasmodium, 229—-230

Plasmolysis, 70

Platy, 53

Platyhelminthes, 62

Platypoecilus maculatus, 53

Pleistocene period, 278, 279

Pleural cavity, 114

Plums, 183

Plumule, of bean, 36; of cress, 37

Pneumonia, 209, 214

Pollen, 32, 175, 181-183, 248, 249,
256, 305, 306, 319

Pollen-basket, 248, 249

Polystomella, 228

Pompeii, 268

Pond animals, 59, 206, 224, 225

Poplars, 245

Population trends, 200, 201

Porifera, 62

Porridge, 100

Portal vein, 104

Potassium, 64, 65

Potato, 68, 83, 97, 110 *9-
222, 26~ ~

Potato-bl}
243, 2€

Potomete:

Pottery, 2t

Pover 20

Phylloxera, 188 Prg;gls: 292,
Physgcal tests, 19 ‘P&Ssurar teeth, “
Physiology, 17 P’ickly. boingg, 12;’
Phytophthora infestans, 235-236 Priegjo P C2%, 255 "
Piebalding, 311 / imrc. Joseph, 58
Pieris brassice, 259262 iy 56 53 199
Pieris napi, 259 \\ Primu. S4rrams

Pieris rape, 259

Pileus, 237
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Primula veris, 53

Primula viscosa, 77

Primula vulgaris, 53

Proboscis, 23, 28

Prontosil, 219

Proteins, 46, 79, 80, 89, 102-104,
108, 111, 123, 142, 221, 243, 327,
328

Proteoses, 102, 103, 108

Prothallus, 175-177

Protococcus, 227, 228

Protoplasm, 44-46, 64, 69, 88, 8g,
119,. 139, 148, 169, 172, 224-226,
232, 235

Protozoa, 29, 62, 76, 206, 224231

Prunes, 89

Pruning, 170

Pseudopodia, 225

Pteridophyta, 58, 61

Ptilinum, 25

Ptyalin, 102, 108, 328

Puerperal fever, 212, 219

Pulmonary vein and artery, 124, 126

Pulp of teeth, 105, 106

Puccinia graminis, 309

P =a 26, 27, 261, 265, 266

.~
.

‘\.Q?d’ 227-279
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., digestive system
% %006, 107; lumbar
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Repletes, 253

Reproduction, of plants, 175-188;
asexual, 175-178, 192, 193, 226,
230, 234, 235, 238; vegetative, 185;
of animals, 189—201; of bacteria,
210; of viruses, 221; of Amoeba,
226; of Paramecium caudatum, 226;
of Euglena, 227; of Mucor, 233;
of mushrooms, 238; of bees, 248-
250; of ants, 253

Reptilia, 63, 290; respiration of, 113;
fossil, 275-277

Respiration, 18, 19, 109-117, 142,
173, 226, 233, 239, 240; of insects,
173; of Amaeba, 226; aerobic, 233;
of Mucor, 233; anaerobic, 233,
234; of Aspergillus niger, 233-234;
of yeast, 239, 240

Retina, 154

Rhododendrons, %77

Riboflavin, g1

Ribs, 131, 134, 135

Rice, 239

Rickets, 90, 92, 93, 96, 97

Ringworm, 242

Rocks, 269-279, 290, 293, 294

Rocky Mountains, 276

Root, fibrous, 31; structure of, 74,
168

Root-pressure, 72

Rose-hips, g2

Roses, 186, 301

Ross, Sir Ronald, 265

Round-worms, 245, 246

Runners, 185

Rye grass, 57

SACCHAROMYCES, 238
St Helena, 257
Salamander, 63, 274; fossil, 293
Saliva, 28
Salivary glands, 23, 102, 108, 153,
306
Salt, 143
Salts in living matter, 46
Salvarsan, 219
Sanctorius, 85
Sand, 75, 77
aprolegnia, 242
Scophytes, 232, 238, 243
Scala, 134
gﬁ""% aer, 214
S chu‘l"den;:tive to insects, 182
tze, Mithias J., 41
V)
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Schwann, Theodor, 41-43, 46, 47

Sciatic nerve, 146

Scions, 186

Scorpions, 62

Scotsmen, height of, 54

Scrotal sac, 193

Scurvy, 90, 92-94

Sea-anemone, 62, 149, 189, 246, 247

Sea-lily, 62

Sea-urchin, 62, 197

Sebaceous glands, 144

Seeds, 175, 183; respiration of, 18,
35; of meadow buttercup, 35;
germination of, 36; water content
of, 45 °

Segments, of house-fly, 29; of cater-
pillar, 260, 261

Semicircular canals, 155

Sepals, 32, 178-180

Sequoia (Big Tree), 172

Serum, 218, 331

Serveto, Miguel, 121

Sex, inheritance of, 306-310

Sexual characteristics, secondary, 194

Sexual organs, 164, 175, 176, 189—
201

Shark, embryo of, 293

Sheep, 309

Shells, of protozoa, 227, 228

Shoot of buttercup, 31, 32

Shrimps, 62, 139, 162; freshwater, 59

Sicilians, height of, 54

Sieve-plates, 119

Silkworms,. 204, 211, 260

Silurian period, 271, 273, 274, 279

Simocephalus, 59

Size, 172

Skeleton, 130-140; of house-fly, 2;
of early man, 280288

Skin, structure of, 143

Skull, 132, 134; of early man, 280~
282

Sleeping sickness, 231

Slipper-animalcule, 226, 227

Slow-worms, 59, 63

Smallpox, 220-222

- Snails, 62, 123, 138, 194

Snakes, 63, 257, 292

Soil, content of, 75-77;
growth, 75-84

Solanum demissum, 263

Solutrean period, 284

Sorrel, creeping, 77

Sorus, 176

Spallanzani, Lazaro, 190

and plant
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Sparrow, 63

Species, 52; stability of, 53; varia-
tion of, 53, 54

Spermatozoids, 175, 177, 178

Spermatophyta, 58, 61

Sperms, 190, 192-195, 230, 250

Sphincter, 103, 104

Spiders, 62, 138, 156-158, 286, 287;
fossil, 273

Spinach, 89, 93

Spinal cord, 132, 149, 151, 152, 156

Spine, 131

Spiracles, 24, 112, 250, 260

Spirilli, 209, 214

Spirochzte, 209

Spirogyra, 70

Spleen, 121

Sponges, 62, 138

Sporangia, 175, 178

Sporangiophores, 233, 234

Spores, 58, 175, 177, 178, 210, 234,
237, 238

Sporophyte generation, 61

Spotted wilt, 222

Spurrey, 77

Stable-fly, 27, 28

Stamens, 32, 179, 180

Stanley, Wendell M., 221

Stapes, 155

Staphylococci, 209, 214, 220

Starch, 46, 67, 68, 102, 103, 108, 119
185, 241, 323, 324, 327

Starfish, 62, 189, 193, 197

Stem of buttercup, 31, 32

Sterility in hybrids, o1

Sternum, 134

Stickleback, 195

Stigma, 35, 179, 181-183

Stipe, 237

Stocks, 186

Stomach, 101, 102, 108

Stomata, 66, 71, 72, 235, 236

Stomoxys calcitrans, 27, 28

Strata, 269—279

Strawberry, 185

Streptococci, 209, 214, 219

Style, 35, 179, 181

Subclavian vein, 104

Sucrose, §27

Sugar-beet, 83, 222

Sugar-canes, 257, 309

Sugars, 66, 67, 88, g7, 102, 103, 110,
118, 119, 183, 208, 218, 239-241,

327
Sulphapyridine, 219
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Sulphur, 64, 65

Sunlight—see Photosynthesis

Swammerdam, Jan, 130, 204, 206

Swarming, 251

Sweat, 143, 144

Sweat-glands, 143

Sweet pea, 179, 182, 302-304

Sweet William, 301

Sycamore, 184

Symbiosis, 245-255

Sympathetic nervous system, 155

Synovial fluid, 136

Syphilis, 209, 214, 219

Szent-Gyérgyi von Nagyrapolt, Al-
bert, g6

TADPOLES, 45, 123, 163

Tail-bones, human, 292

Tape-worms, 62

Tap-roots, 31

Tarsals, 132, 135

Tartar, 206

Tartaric acid, 211

Taste-buds, 146, 155

Tea, 100

Teeth, 105-108; supernumerary and
missing, 311

Temperature, measurement of, 20;
of body, 124; response of plants

. _to, 159

Tendons, 136

Termites, 247, 253

Tertian ague, 230

Tertiary period, 277-279

Testa, 183

Testis, 163, 165, 193, 195

Tetanus, 214

Textiles, use of, 285

Thallophyta, 61, 224

Thoracic duct, 104

Thoracic vertebra, 131

Thorium, 269, 270, 290

Threadworms, 62

Thrush, 63; missel, 245

Thymus gland, 163

Thyroid gland, 162, 163 -

Tibia, 132

Tick fever, 214

Tigers, 52, 106

Tinea cruris, 242

Tissues, 43; vascular, 66

Tissue respiration, 111, 112, 115, 116

Toad, 63

Tobacco plant, 221, 222

Tocs, of fossil horses, 277, 278

Tomatoes, 92, 93, 222
Tongue, 146
Top-minnow, 266
Tormon, rock-painting from, 286
Touch-receptors, 146, 155
Toxins, 210, 218, 223
Trabecule, 136, 138
Trachea, 114

Trachez, 24, 319
Tracheal tubes, 112
Transpiration, 70-73, 118
Trees, growth of, 170
Triassic period, 275-277, 279
Triceps, 130

Trilobites, fossily 270, 273, 278
Tropisms, 159

Trout, 63

Trypanosomes, 230, 231
Trypsin, 103, 108

Tsetse fly, 231
Tuberculosis, 209, 214, 220
Tubers, 185

Tulips, 185

Tumours, 173

Turgor, 70, 139

Turnips, 83

Turtle, 63

Twins, 199

Tympanic membrane, 154
Type, unity of, 291
Typhoid, 209, 214, 217
Typhus, 222
Tyrannosaurus, 276

ULNa, 132, 135

Unmbilical cord, 198, 199
Unicellular organisms, 224
Uranium, 269, 270, 290
Urea, 142

Ureter, 195, 196

Urine, 142

Uriniferous tubule, 143

Use and Disuse, Law of, 295
Ussher, Archbishop James, 289
Uterus, 195-199
Utricularia, 266

VACCINATION, 222, 223

Vaccines, 218

Vacuoles, 225, 226

Vagina, 195-199

Variation, 52-56, 296, 297;
house-fly, 27 ; in insects, 49;
poultry, 56; in cattle, 56;
dogs, 56; in goldfish, 56

in

in
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Vascular tissue, 118, 119
Vegetables, 97

Veins, 126

Vena cava, 124, 125
“Ventricles, 122, 124, 126
Venules, 105

Vertebrz, 131, 132
Vertebrates, teeth of, 106
Vestigial organs, 291, 292
Villi, 104, 105

Vinegar, 208, 213

Viruses, 63, 208—223, 290, 299, 309
Vitamins, go—93

Volume, measurement of, 19

Wake Robin, 49

Wales, 270, 272

Wallace, Alfred Russel, 296

Wall-flowers, 31

Warts, 173

Wasps, 156, 157, 247

Water, in living matter, 45; in
seeds, 64; in plants, 64, 66; effect
on plants, 159, 169; and fossiliza-
tion, 269; and starch-formation,
325, 326

Water-fleas, 59, 62, 139, 196

Water lily, 160

Water-rat, 59

Whale, sulphur-bottom, 172

Wheat, 83, 91, 93, 97, 239; resistant,
309
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Wheat rust, 242, 309

Whorls, 178, 179

Willows, 186

Wings, of house-fly, 23, 28; of
Fannia canicularis, 28

Wing-buds, 250

Wine, 214, 239-243

Wisdom-teeth, 108

Wolves, 106

Wood—see Xylem and Phloem

Worms, 76, 189, 194; aquatic, 60;
parasitic, 229; marine, one o
also Earthworrns.

Wort, 240

Wounds, 127

Writing, 285

X-RAYS, 174
Xerophthalmia, g1, 93
Xiphophorus helleri, 53
Xylem, 73, 74, 118, 119, 169

YEasT, 63, 91, 93, 211, 232, 238-242
Yellow fever, 16, 222, 309
Yellows discase, 222

ZING, 65

Zoospores, 236
Zygomorphism, 179
Zygospore, 233235
Zygote, 230
Zymase, 239, 240
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