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INTRODUCTION

BY

THE AMERICAN EDITOR.

THE subject of this volume, which appropriately follows
that of Animal Physiology, is perhaps the most difficult to
adapt to the object of this series, of either of the departments
of physical science. This difficulty arises not from any in-
trinsic obscurity in the subject itself, nor in any lack of in-
terest in the topics of inquiry, for the subject is both easy and
delightful, and is uniformly found to awaken enthusiasm in
the young, especially if pursued practically. But the obsta-
cle in the way of adapting it to the use of schools, is found
in the multitude of technical terms which, whatever we may
do in other sciences, can neither be substituted nor dispensed
with in this. The minute and complicated anatomy of plants
abounds in variegated organs, appendages, tissues, and other
peculiarities of structure, the discrimination of which requires
the use of a multitude of technicalities, such as have, for the
most part, no synonyms. They are, however, very signifi-
cant, and will soon become familiar by repetition. The phy-
siological department, strictly such, will be found encumbered
with no less difficulty, which, as in the former case, admits
of no remedy, and must therefore be met and overcome.

The author appears to have done all that is practicable in the
way of definition and illustration, and hence very little im-
provement of the text has been attempted. The teacher who
will use this volume for the purpose of instruction, will find
upon every page an analysis of the subjects treated, in the

3



4 INTRODUCTION,

form of catechetical questions, which will afford him facili-
ties. And if he will accompany his pupils upon botanical
excursions, and assist them in the dissection of plants and
flowers, and the preparation of Herbaria for collecting and
preserving specimens, he will find such practical exercises
greatly to facilitate the study. The copious index appended
will serve as a glossary, nor is any other needed.

In the hope that this edition will be useful in prompting to
the cultivation of this beautiful subject in schools, it is re-
spectfully submitted to teachers of youth as worthy of their
adoption.

Tue American Epiroe




PREFACE.

Tre following Treatise 1s intended to present an outline
ol an interesting, but as yet imperfectly investigated, Science
—that which refers to the Economy of Plants. In vegetables,
though the organs be of simple structure, the mode in which
these perform their functions is so obscure that Physiologists
have been able to ascertain only a few of their more obvious
operations. - Besides, VEceTABLE PHYSI0LO0GY, as this branch
of knowledge is technically entitled, is of comparatively
recent origin—it being scarcely half a century since the vital
actions of plants became the subject of actual experiment ;
earlier botanists contenting themselves with vague analogies,
drawn from the more apparent functions of Animal Organiza-
tion. In this imperfect but progressive state of the science,
all that is aimed at in the subsequent pages is to convey to
the learner an idea of the General Structure and Functions of
Plants—their various Organs, and the Terms by which these
are respectively distinguished—their modes of Growth and
Reproduction—their Geographical Distribution—and their ex-
tensive Utility in the Scheme of Creation. In doing so, we
have endeavoured to avoid technicalities as much as is con-
sistent with accuracy, and to present, in a familiar manner,
only the principal facts admitted ' by modern botanists, in
order that the Treatise might answer the end intended—
namely, for Use in Schools, and for Private Instruction.

The Classification and Description of Plants, having refer-
ence more to individual types and resemblances than to the
general principles of Vegetation, are reserved as the subject
of another volume, under the title of SysTemaTic Borany.

Edinburgh, January, 1844.]
-
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VEGETABLE PHYSIOLOGY.

GENERAL ECONOMY OF VEGETATION.
NATURE AND FUNCTIONS OF PLANTS.

1. VecEraBLE PHYsiorogy is that department of natu-
1al science which explains the organization and vital func-
tions of plants.

2. Plants, animals, and minerals, are all formed by the
chemical combination of certain elements. In minerals
these elements combine by the force of chemical affinity
only, but in plants and animals they are held in combina-
tion by vital action.

3. Vitality enables plants and animals to absorb and
assimilate food, consisting of the elements necessary for
their increase, and also to reproduce beings of their own
kind, by means of certain organs: hence they are said to be
organized, and the substances of which they are composed
are known by the general name of organic matter. Mine-
rals not possessing vitality have no organs, and consist
only of inorganic matter.

4. Animals feed partly on other animals, and partly on
plants; and plants feed partly on organic matter when de-
composed, and partly on inorganic. Thus minerals, by the
beautiful economy of nature, contribute towards the sup-
port of animals through the medium of plants.

5. The elements of which organized bodies are com-
posed, separate or decompose as soon as life has fled,

. Define vegetable physiology.

Difference between the combination of elements.

. Modifications resulting from vitality.

. The food of animals and plants, respectively. ,

. What brings organic matter under the laws of chemical affinitv?

ST



R VEGETABLE PHYSIOLUGY.

being attracted to other bodies by the force of chemical
affinity. ;

6. The simplest forms of life are observable in certain
plants and animals, whose economy is limited to the ab-
sorption and assimilation of nutriment, and the power 0.
reproduction ; and the difference between these inferior
plants and animals is so trifling, that in them the animal
and vegetable kingdoms seem to pass into each other.
Thus, certain tribes of zoophytes, and some kinds of
alge, or sea-weed, are so very nearly allied both in appear-
ance and habits, that they can scarcely be distinguished
from each other scientifically; and, indeed, the same object
has been occasionally classed as a plant by one naturalist,
and as an animal by another.

7. The scientific differences between plants and animals
are difficult to define, when they are to be applied to all
plants and to all animals. Few plants possess the power
of locomotion ; but the aquatic plant called the fresh-water
sailor detaches itself from the mud in which it grows ori-
ginally, and rises to the surface of the water to expand its
flowers. Plants are propagated by division, which most
animals are not; but the polypes of the coral reef grow
united like the buds of a plant clustering round a common
stem from which they receive their nutriment, and, when
separated, become each perfect individuals. Plants are
said to have no stomach; but the lobe-like leaves of Ve-
nus’s fly-trap possess the power of digesting the flies they
catch; and though plants are said to be without feeling,
the leaves of the sensitive piant shrink from the slightest
touch. In like manner the pith of young trees and shrubs
has been compared to the spinal marrow of animals; the
upward current of the sap in spring, and its descent in
summer or autumn, to the circulation of the blood; and
the exhalation of oxygen and absorption of carbonic acid
gas in theleaves, to respiration ; but beyond a faint analogy
there is nothing like identity between the respective func-

6. What are the simplest forms of life ?
7. Is the line of demarcation between plants and animals distinct 1
8. Wherein is the analogy supposed to approach identity ?




NATURE AND FUNCTIONS OF PLANTS. 9

tions of plants and animals. Indeed, all the vital functions
of plants are performed in a manner different from those of
animals ; the instances of locomotion, sensitiveness, and
power of digestion in plants, being very rare and imper-
fect, while the power of propagating by division in animals
is equally so.

8. Plants derive their food partly from the soil, and
partly from the air; and whatever they take must either be
reduced to a liquid, or to a gaseous state. The elements
of which plants are composed are, Carbon, Oxygen, Hydro-
gen, and Nitrogen. Of these, Carbon, which is a solid
substance, is the principal ; and, as it is insoluble in water,
it must be combined with oxygen, so as to form carbonic
acid gas, before it can be taken up by plants. Oxygen is
the next in abundance, and it is absorbed principally when
combined with nitrogen, in the form of atmospheric air.
Hydrogen is not found in a free state in the atmosphere,
and therefore it can only be taken up by plants when com-
bined with oxygen, in the form of water, or with nitrogen,
as ammonia, in which last form it exists in animal manure.
Nitrogen, though found in very small quantities in plants,
is a most important element, as it forms the principal ingre-
dient in the gluten, which is the most nutritive part of
corn and other seeds, and which is esseutial to the germi-
nation and first nourishment of young seedling plants. Ni-
trogen also appears to be a principal agent in the produc-
tion of colour in leaves and flowers, especially when they
first expand.

9. As orygen is imbibed by plants in combination with
all the other elements of which they are composed, it is not
surprising that the plant takes up more of this gas than it
requires; and, consequently, it has been furnished with a
remarkable apparatus in the leaves, to enable it to decom-
pose the carbonic acid, and other gases which it has ab-
sorbed, and to part with the superfluous oxygen. Plantsare

9. Repeat the illustrations, and the inference best authorized.

10. Source of the food of plants, and the form or state necessary.
11. What of carbon,—of oxygen,—of hydrogen ?

12. Where do they obtain hydrogen and nitrogen ?
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thus found to improve the air by the removal of carbonic
acid, which is injurious to animal life, and by the restora-
tion of oxygen, which is favourable to it ; and so to maintain
a necessary equilibrium in the atmosphere, as animals are
continually absorbing oxygen, and giving out carbonic
acid. In hot swampy countries, however, where vegetation
is extremely rapid, and the soil surcharged with decaying
vegetable matter, plants absorb more carbonic acid than
they want, and give out the superfluity through their leaves;
and hence, warm moist climates, such as those of some of
the West India islands, though extremely favourable to vege-
tation, are equally injurious to human life.

10. Light being essential to the decomposition of car-
bonic acid gas in the leaves, oxygen is not exhaled by plants
during the night; but, on the contrary, a small quantity of
carbonic acid gas escapes, and oxygen is absorbed. These
processes have been called the respiration of plants; but
they are very different from the respiration of animals, the
first being mechanical, and the second chemical, and both

_ totally unconnected with the assimilation of food.. When
the soil abounds in carbonic acid gas and in moisture, the
roots of a plant must continue constantly absorbing that
moisture mixed with the carbonic acid ; and this carbonic
acid rising to the leaves, escapes in its original state when
there is no light to decompose it. The absorption of oxy-
gen is a chemical process, which appears to go on whenever
the process of assimilation has ceased—in dead plants as
well as in living ones. When leaves have ceased to act in
decomposing carbonic acid, and assimilating or fixing the
carbon in autumn, oxygen is absorbed so rapidly as to
change their colour to some shade of red ; fruit, when fully
swelled, ceases to assimilate carbon, and becomes intensely
acid by the absorption of oxygen ; and, finally, the decay

13. What improvement of the air results from the leaves of plants ?

14. What of hot swanépy countries ?

15. How are plants affected by the presence or absence of light 7

16. Describe the mechanical and chemical process, which has been
called the respiration of plants.

17. What occasions the red colour of leaves in autumn ?

18. What hastens the decay of vegetable matter 1
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of all vegetable texture is hastened by the absorption of the
same element. Thus, as the assimilation of carbon ceases
during the night, oxygen is absorbed at that period in quan-
tities that vary according to the nature of the plant; those
plants which have acid, or highly-flavoured juices, absorbing
most. Thus, Liebig tells us that the tasteless leaves of the
American aloe, if kept in the dark twenty-four hours, ab-
sorb only 0.3 of their volume of oxygen in that time;
while the leaves of the spruce fir, which contain volatile and
resinous oils, absorb ten times, those of the common oak,
which abound in tannin, fourteen times, and those of the
balsam poplar, twenty-one times as much. The chemical
action of oxygen on vegetation is strikingly exemplified in
the leaves of a species of navel-wort, which are acid in the
morning, tasteless at noon, and bitter at night. The acid
is caused by the accumulation of oxygen during the night,
the insipidity by the mixture of the oxygen with hydrogen,
and the bitter flavour by an excess of hydrogen.

11. Plants are of important service in the general econo-
my of nature, as well as of direct advantage to the artsand
sciences. The quantity of carbonic acid which they are
continually absorbing from the atmosphere during the day,
serves to purify it from the immense quantity of carbon
continually disengaged from the lungs of human beings
and the lower animals, and from the combustion of fuel;
while the oxygen with which the carbon was combined, is
restored, to be again employed. Plauts also act as the me-
dium through which inorganic matter is made to contribute
to the support of animal life; while they invest the land-
scape at once with beauty and amenity, by the variety of
their hues and the shelter of their foliage.

DEVELOPMENT AND GROWTH OF PLANTS, AS DEPENDENT ON
AIR, HEAT, MOISTURE, LIGHT, AND SOIL.

12. The development of vegetable life depends upon the

19. Differences in absorbing oxygen, and effects.
20. Uses of plants in the economy of nature.
21. Upon what agents is vegetable life dependent ?
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concurrence of certain agents, the principal of which are—
heat, air, moisture, light, and soil.

13. No seed can germinate without the concurrence of
the three agents of heat, air, and moisture; but in the
growth of plants, the agency of soil and light is also neces-
sary.
14. Every perfect seed contains the germ or embryo of
a new plant of the same kind as the parent, and a portion
of concentrated carbon and nitrogen, in the form of starch
and gluten, laid up to serve as nutriment for the young
plant, till its organs are sufficiently developed to enable it
to seek food for itself. The seed is generally enveloped
in a hardened case, in order to preserve it in an inert state
as long as may be necessary.

15. As soon as a seed is put into the ground, it is acted
upon by the influence of heat and moisture, which distend
its particles, and make them burst the integument that en-
velopes them. The agency of the air is next required to
combine with the store of nutriment laid up in the seed,
and to fit it for the purpose of vegetation.

16. The first organ that expands in the embryo of a
young plant is the root; and nature has provided a small
opening in the covering of a seed, towards which the point
of the root is always turned, in order that it may be pro-
truded without injuring its soft and delicate texture. The
root takes up water and air, and transmits the liquid thus
formed to the seed leaves, in which it is exposed-to the
influence of light.

17. The nutritive substances laid up in the seed become
quite changed during the process of germination. The
starch, which is insoluble in water, is rendered soluble by
the action of a peculiar substance called diastase, derived
from the gluten. This substance has so powerful an effect
upon the starch as to render it instantly soluble in the sap,
and thus the nutriment is gradually prepared for the use of

22. What of germination and growth ?

23. Name the elements of every perfect seed, and their use.
24. Effects of heat and moisture upon seed.

25. What is peculiar in reference to the root ?

26. Describe the changes during germination.



DEVELOPMENT AND GROWTH OF PLANTS. 13

the infant plant. As the sap ascends it becomes sweet ;
the starch is changed into sugar, and this sugar, again, into
woody fibre as the tip of the plant emerges into light.
When the store of starch and gluten has been exhausted,
the plant is able to live by its own assimilating powers, at
the expense of the air and the soil.

13. Heat, though essential to germination, is injurious,
unless it be combined with moisture. A high degree of
dry heat will parch seeds, and destroy their vitality ; and
hence, when they are to be kept for food, it is not unusual
to dry them in an oven, to prevent them from germinating.
When combined with moisture, a very high temperature is
not injurious to vegetation; and, indeed, some kinds of
moss have been found growing near hot springs in Co-
chin China, where they must have vegetated in a heat equal
to 186 degrees; on the other hand, in cold climates,
mosses, some kinds of grass, and chickweed, are found to
vegetate at 35 degrees, or even only just above the freezing
point. Warmth is not only necessary for the germination of
the seed, but also for the growth and after development of the
plant. The sap will not rise without a certain degree of heat ;
and it is well known that frost stops its current. Cold will
also check the development of the flowers and fruit,and even
of the leaves, and will prevent the full flavour being attain-
ed by the fruit. The secretions of plants are diminished
by cold. The fruit of the walnut and the beech produce
oil in the south of Europe, which it will not do in Britain;
and the leaves of the mulberry grown in this country will
not afford the same quantity of caoutchouc to the silkworm
as in France and Italy.

19. Moisture must be combined with heat and air to ren-
der it useful to vegetation. An excess of moisture without
heat, and combined with air, induces decay in seeds, iqstead
of exciting them to germinate; and an excess of moisture
is injurious even to growing plants, as it destroys the deli-
cate tissue of the spongioles of their roots. When trees

27. Necessary union of moisture with heat.
28. What of the importance of heat to growth and secretion?
29. What is the effect of moisture, uncombined with heat and air *
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are grown in situations where they have abundance of heat
and moisture, but where the roots are beyond the reach of
air, they have a tendency to produce leaves instead of fruit
and seeds, and all their secretions are weakened. On the
other hand, too little moisture prevents the leaves and fruit
from attaining their proper size and form. A sudden de-
privation of moisture causes the leaves to droop and the
fruit to fall off.

20. Air is essential both to the germination of the seed
and the development of the plant. Without oxygen from
the atmosphere, the carbon laid up in the seed cannot be
made available for the use of the infant plant, as carbon in
its concentrated state is insoluble in water, and requires to
be combined with oxygen to convert it into carbonic acid gas,
before it can be absorbed by the vessels. In like manner,
air is essential through all the processes of vegetation; no
wood can be formed, no seed ripened, and no secretions
produced, without abundance of carbon; and this cannot
enter the plant, even from the soil, without a constant sup-
ply of oxygen from the air. The greater part of the carbon
in plants 1s indeed derived directly from the air by the
leaves, in the shape of carbonic acid gas—a minute quan-
tity of which is always found in combination with the
atmosphere.

21. Light is not required for the germination of seeds,
but it is essential to the development of plants, as it occa-
sions the decomposition of the carbonic acid contained in
the vessels of all the parts exposed to its influence; with-
out which the plant could not assimilate the carbon to its
own use. Colour also appears to depend partly on light.
Plants grown in darkness are most deficient in colours
which contain blue. The leaves and other parts, which
should be green, are frequently reddish, from the retention
of oxygen, or yellowish, from the superabundance of nitro-
gen, while the flowers and fruit are whitish. - Frequently,
the whole plant is whitish, in which case it is said to be
etiolated, or blanched.

30. Importance of air to vegetation, and why ?
31. Uses of light, and illustrations.
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22. The soil serves not only as a bed for the plants to
grow in, but also contributes to their nourishment. In
addition to the elements of which they are principally com-
posed, there is always found in their substance a small quan-
tity of inorganic matter, which differs according to the
- nature of the plant, and which appears to be derived solely
from the soil. The proportion which this matter bears to
the whole will be found by burning part of the plant in the
open air; when the inorganic matter, being indestructible
by fire, will be left in the form of ashes. Soils are of vari-
ous kinds, and they are produced principally by pulverized
particles of rocks, being disengaged by the action of heat,
air, and water, and mixed with decaying animal and vege-
table substances.

23. There are four primitive earths, called clay, sand,
lime, and magnesia; the first three of which are found
more or less in almost every soil, and generally with only
a very small proportion of the latter. ~Clay, which is also
called alumina, or argillaceous earth, or earth of alum, pre-
dominates in some soils, and these are generally unfertile;
as the particles of clay are too adhesive to allow the free
passage of either air or water to the roots of plants. A
soil of this kind also offers obstacles to the expansion of
fibrous roots; and when it admits water, it retains it so
long as to be injurious. Sand, which is also called silez,
silica, or siliceous earth, consists, on the other hand, of
particles which have generally too little adhesion to each
other; and it is injurious to plants, partly from its incapa-
bility of retaining sufficient water for their nourishment,
and partly because it admits too much solar heat to their
roots. When the particles of sand adhere to each other,
they form sandstone, or some other mineral substance
equally impenetrable by roots. Lime is never found in a
pure state in nature, but always combined with some acid.
"I'he common carbonate of lime or limestone is of no use

39. Uses of the soil, and what of inorganic matter ?

33. Name the four primitive earths.

34. Define clay, its nature and effects in soil.

35. What is sand in soils ?

36. Nature of the combimations of lime in soils, and magnesia ?
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in vegetation till it has been burned—that is, till the car-
bonic acid, water, and other matter it may contain, hﬂ.\"e
been driven off by heat. In this state it is called caustic
lime, and is used as a manure, as it has a great affinity for
carbonic acid, which it is continually drawing into the soil
from the atmosphere or other sources. Chalk, or the
earthy carbonate of lime, is well adapted for vegetation, but
it is generally cold, as, from its whiteness, it reflects the
solar rays instead of absorbing them. Magnesia is very
similar to lime, but is less abundant. It generally occurs
in combination with lime, in what is called magnesian
limestone. Notwithstanding the whiteness of chalk; calca-
reous soils—that is, soils containing some form of lime—
are generally black, from the quantity of vegetable matter
which they contain in proportion to the depth of the soil.
All soils containing a great proportion of decayed vegetable
matter are black; and black soils, though generally warm,
from the power they possess of absorbing solar heat, are
seldom productive, unless they be dry. Thus, black peat,
or bog earth, which is moist, is unproductive, while heath
mould, mixed with sand, which is dry, is very useful for
many kinds of crops. The reason is, that decayed vegeta-
ble matter, or humus, is insoluble in water, and conse-
quently cannot be taken up by plants until the carbon it
contaius is combined with oxygen, so as to form carbonic
acid gas, which it can only do when the humus is kept
sufficiently dry to allow of its particles being exposed to
the free action of the air.

24. It must be observed, that no soil consists of any one
of the primitive earths alone, and that most soils contain all
of them combined in different proportions, and mixed with
other ingredients. These are saline particles of various
kinds, potash, soda, and other alkalies, iron, and several
other minerals, in combination with the different acids—all
of which are designated, when speaking of the food of
plants, by the general name of inorganic matter.

25. Plants require different kinds of inorganic matter,

37. What is said of black soils, their variety ?
38. Name the inorganic matter of soils, other than earths.
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according to their nature, and appear to possess the power
of selection, as they only take the kind they need, though
it may form but a very small portion of the soil in which
they grow. Thus, it is evident that any particular crop
must in time exhaust the soil in which it grows of the
requisite inorganic matters, unless they should be renewed
by the addition of what are called mineral manures; and it
is also clear that crops requiring another kind of earth, may
succeed in the same soil, after it has become unproductive
for the first kind of crop.  This, according to modern doc-
trines, explains the necessity which is known to exist for
what is called the rotation of crops—that is, for letting
crops of a different nature succeed each other in fields and
gardens. The necessity for this rotation was supposed by
De Candolle and others to arise from plants poisoning the
soil with the excrementitious matter which they were sup-
posed to eject by their roots; but while this hypothesis was
believed, it appeared difficult to account for the well-known
fact, that the same crops may be grown perfectly well in any
soil for an indefinite number of years, provided that soil be
frequently and properly manured—that is, supplied afresh
with the ingredients of which it has been exhausted by the
plants.

26. Nature, when unassisted, invariably changes the crops
of plants whenever occasion for such a change occurs; and
if a forest of North America should be accidentally burned
down, trees of quite a different nature are sure to spring
up in the room of those that have been destroyed. These
changes are effected in various ways. Many seeds are fur-
nished with downy wings, on which the wind bears them
far away from their parent plant; and other seeds burst
from their seed-pods with such elasticity, as to be scattered
0 a considerable distance. Suckers from under-ground
stems, and runners of various kinds, are other means by
which plants are enabled to obtain nourishment from fresh

39. Is there any thing like elective affinity to soils of a peculiar kind
on the part of plants?

40. What of the necessity of rotation of crops?

4]. How are the changes of crops of plants to be accounted for oc-
curring spontaneously ? el
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soils when they have exhausted that in which they origin-
ally grew; and nature has afforded similar powers to even
the largest forest trees, by enabling them to elongate their
roots to any extent that may be required. ¥

27. Plants do discharge matter from their roots, but it 1s
generally of the same nature as the peculiar secretions of
the plant; as, for example, the matter exuded by the roots
of the poppy has the properties of opium, that from the
oak tannin, &c. The excretory matter is thus evidently
part of the elaborated or most perfect kind of sap.

TERM OF VEGETABLE EXISTENCE.

28. The longevity of plants differs according to their
nature, and the circumstances in which they are placed.

29. Herbaceous plants, the stems of which are succulent,
and full of juice, are divided into three kinds, according to
the term of their existence; namely, annuals, which grow
only one season, and die as soon as they have ripened their
seeds; biennials, which generally last only two years; and
perennials, which last several years. To these, practical
horticulturists sometimes add a fourth kind, consisting of
such as last three or four years, but no longer, and which
have no distinctive name, though they are generally classed
with biennials.

30. Trees and shrubs, which have ligneous, or woody
stems,are destined to remain undecayed for years. Shrubs
are those ligneous plants which have several stems springing
from the same root, all nearly of the same thickness. They
seldom last above thirty or forty years, and frequently not
half that time; but trees which have only one stem or
trunk proceeding from the root to a considerable height
before it divides into branches, generally endure for a long
period of time—in several instances even for centuries.

31. The length of time which trees live depends in a
great measure on the situations in which they grow. If a
tree which is a native of mountains be placed in a valley,

42. What discharge proceeds from the roots of plants ?
43. What of the longevity of herbs, trees, and shrubs ?
44. What circumstances vary the longevity of trees ?
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it grows more rapidly, but the term of its exislence is
shortened, and its timber becomes sofier and of less value.
In like manner, if the tree of a valley be grown on a
mountain, the term of its existence is lengthened, and its
trunk, though of slow growth and small dimensions, pro-
duces timber remarkable for its toughness and durability;
as, for example, the Highland oak.

32. The age of trees was formerly calculated by their dia-
meter, or by the number of their concentric circles; but
both these modes are found to be fallacious. According
to the first it was supposed that if a tree attained the dia-
meter of a foot in fifty years, fifty years should be counted
for every foot it measured in diameter; and thus it was sup-
posed that the great baobab tree, found by Adanson on the
banks of the Senegal, which measured nearly thirty feet in
diameter, must have been about six thousand years old, or
coeval with the world itself. It is now found, however,
that the baobab, like all soft-wooded trees, grows rapidly,
and attains an enormous diameter in less than a hundred
years. 'The mode of counting by concentric circles only
applies to exogenous trees, and even with them it is very
uncertain. A warm spring, which sets the sap early in
motion, followed by weather cold enough to check vegeta-
tion, will give the appearance of two layers in one year, as
the recommencement of vegetation will have the same ap-
pearance as a new layer in spring. In many trees, such
as the oak, for example, a second growth often takes place
after midsummer; so that even a third layer is occasionally
formed in the course of six months. On the other hand,
a moist warm winter, by keeping the tree growing the
whole year without any check to vegetation, will give the
appearance of only one layer to the growth of two years.
Notwithstanding these anomalies, practical men find count-
ing the concentric circles of a tree the best mode which
has yet been discovered of ascertaining its age, as in ordi-
nary cases only one growth is made in the course of a
year.

45. What modes of ascertaining the age of trees are cited ?
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33. The natural decay and death of plants appear to fol-
low the same laws as the natural decay and death of ani-
mals. When a tree approaches the term of its existence,
the sap flows more feebly through its vessels, and it is no
longer propelled through every part. As this takes place,
the parts no longet visited by the sap die; and as soon as
life has fled, the opposition principle of chemical affinity
begins to act, and the various elements that composed the
plant fly off, to combine with other elements, so as to form
new substances. This is the natuaral process which takes
place invariably with every organized being ; the fall of the
leaf, and the dropping of the ripe fruit, are but the death
of both when fully matured ; and insthe like manner death
is followed in both instances by its natural attendant, de-
composition. [Death, however, in the case of the anuly
of man, is ascribed in the Scriptures to Divine appoint-
ment, as the consequence of sin. A large majority of our
race die in infancy, instead of perishing by this ¢ natural
process” at maturity. So that the analogy must not be un-
derstood to apply to man among the animals whose decay
and death follow the same laws as in the case of the leaf
or an apple.]

SIMPLE OR ELEMENTARY ORGANS.

34. Tue Orceans with which both plants and animals
are gifted to enable them to carry on the functions of life,
are of two kinds; namely, simple organs, such as the flesh
of animals, and the cellular tissue of plants ; aud compound
organs, such as the leaves of plants, and the limbs of ani-
mals—the latter always consisting of certain arrangements
or combinations of the former.

35. The principal substance of which plants are com-
posed is known by the general name of #issue; but of this
there are three distinct kinds, distinguished as cellular,

46. Is there any analogy between the decay and death of plants and
animals ?

47. How are the organs of plants and animals divided ?

48. What division is made of vegetable tissues ?
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woody, and vascular, which have been compared to the
flesh, bones, and veins of animals. These principal tissues
are occasionally subdivided into varieties on account of
some minor distinctions, such as vascular tissue, which may
be either vascular proper, pitted, or lactiferous.

CELLULAR TISSUE.

36. Cellular tissue is the fleshy or succulent partof plants,
of which familiar examples may be given in the pulp of
leaves and fruits. It consists of a great number of cells of
irregular shape, which adhere together, sometimes quite
loosely, as in the pulmf an over-ripe orange; and at other
times—as, for exampl€, in the cuticle or outer skin—so
closely, as to seem to form a homogeneous mass, unless
examined by a powerful microscope. Formerly, indeed, it
was supposed that an extremely thin membrane was spread
over the external surface of some plants; but it is now
found that what was supposed an extraneous membrane, is
in fact only a more condensed form of cellular tissue.

37. Each cell of cellular tissue consists of a small bag
or bladder, filled apparently with liquid; but intermixed
with this liquid, which consists of hydrogen and oxygen
nearly in the same proportions as in water, there are some
grains of starch and some of colouring matter, surfounded
by a few particles of gluten. The starch, which has been
compared to the fat of animals, consists principally of car-
bon; and the gluten of nitrogen. Occasionally, small
crystals are found in the vesicles of cellular tissue, which,
when they are needle-shaped, are called rapides; some-
times, however, they are of a rhomboid, at other times of a
prismatic form. They consist of inorgamic matter, gene-
rally of some acid and its base, which, from the feeble
state of the assimilating powers, have united and crystal-
lized, instead of passing in a separate state through the
vessels of the plant, to assimilate with the peculiar secre-
tions. Some cells are entirely filled with these crystals,

49. Describe the cellular, with examples.
50. What are the nature and contents of these cells?
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and others are entirely without them. The cells of the
epidermis, instead of liquid, contain only air. ! thag
38. The cells of cellular tissue vary very much both in size
and shape. They generally, however, present the appear-
ance of a honeycomb when sectious are cut of the pulp of
the leaves, pith, or fruit (see fig. 1); but in sections of the
bark and sap-wood, they take a parallelogram form, and
resemble the bricks of a wall (sce fig. 2). The cells are
generally small when they are first formed, but they increase

Fig. 1.—Cellular Tissue Fig. 2.—Muriform Cellular
in a Leaf. Tissue in Wood or Bark.

in size as they become older. Thus, in the cellular tissue
of a leaf, the cells are at first very small, but as fresh cells
are formed close to the veins, the cells towards the mar-
gin of the leaf dilate; and a similar process takes place
in every part of the plant, the newly formed tissue always
consisting of cellules, which enlarge as they get older.
39. In the pulp of leaves and fruit, and in the cellular
tissue of the bark, there are frequently cavities found among
the cells, which are of several kinds. Those called recep-
tacles of secretion are formed for the reception of the oils
and other fluids secreted by plants; as, for example, the
fragrant oil in the myrtle and the orange, and the turpen-
tine in the Pistachia and in the pine and fir tribe. Other
similar cavities, called air cells, contain oxygen nearly in a
pure state; and others, which are called intercellular pas-
sages, are generally filled with watery fluid, and communi-

51. Describe the varieties of the tissue.
52. Are there other cavities, and what do they contain ?
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cates with the open air by means of pores in the epidermis.
All these cavities have no distinct membrane to enclose
them, but are surrounded by what may be called a wall of
small cells, which form part of the cellular tissue. The
shape and size of these cavities vary exceedingly; the
receptacles of secretion, and the air cells, are generally
larger than the common cells, but the intercellular passages
in very dry plants are so small as to be scarcely percepti-
ble; though in succulent plants—as, for example, in the
stem of the garden Nasturtium—they are nearly as large as
the cells.

40. Cellular tissue readily decays when the parts com-
posed of it fall from the tree. The carbon it contains is
liberated so soon as the vital force by which it was retained
has fled, and escapes with the oxygen in the form of car-
bonic acid gas; whilst the hydrogen, which then forms its |
principal remaining element, attracts fresh oxygen from the
atmosphere, and, becoming thus changed into water, rapidly
melts away, leaving the inorganic portion to mix with the
soil. In leaves, the pulpy parts disappear first, leaving be-
hind the outer cuticle and the nerves of veins, which are
of firmer texture ; the latter, indeed, being composed prin-
cipally of woody fibre, the tubes of which have been filled
with earthy matter during the process of vegetation, decay
very slowly. A beautiful preparation may be made by
soaking, or macerating, as it is called, leaves in shallow
stagnant water, so as to leave them perpetually exposed to
the influence of the air; thus treated, the cellular tissue
will soon disappear, and the veins will present the appear-
ance of the finest lace.

41. Those parts of a plant which nature seems to have
intended not to be of long duration, such as the fleshy parts
of the leaves, the flowers, and the fruit, are composed en-
tirely of cellular tissue of very loose texture. In the stones
of fruit, however, which are also composed of cellular tis.
sue, a portion of earthy matter is deposited, which partially

53. What tissue of plants first decay? Examples. i
54. How has nature provided for shorter or longer durau'on in certain
parts of plants, though both alike cellular and perishable ?
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lines the cells, and gives them a temporary firmness, with-
out destroying their facility of decay; so that the seeds con-
tained in them may be preserved as long as they are kept
in a dry state, and yet liberated so soon as they are placed
in a situation favourable for germination.

WOODY TISSUE.

42. Woody tissue consists of bundles of extremely fine
cylindrical cells, tapering at both ends, and of great length

Fig. 3.—Woody Tissue.

and toughness (see fig. 3). The bundles have so much the
appearance of fibres, that their true nature was not sus-
pected by the older botanists; and it was supposed that
they retained their fibrous appearance even when subjected
to the most minute division. It is now found, howerver,
that the fibres of woody tissue cannot be divided beyond a
certain point, and that, though they may be made so small
as to take seven or eight of them to equal the thickness of
a fine hair, each of these exceedingly slender fibres is in
fact a hollow tube tapering at both ends, and adhering to
other hollow tubes of a similar nature, as shown in fig. 4.

b S =~ TN S S s a
Fig. 4.—Single Fibre of Woody Tissue

The tubes of woody fibre, when young, serve as channels
for the passage of the ascending sap; but afterwards they
become filled with particles of inorganic matter, which give
solidity and durability to the wood. Woody fibre is found
mixed with cellular tissue in the wood and inner bark of
trees; it also forms part of the veins or nerves of leaves;
and in general is found in all organs which require strength,

55. Describe the woody tissue of plants, and its qualities.
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toughness, and durability. Tt resists decay longer than any
other kind of vegetable tissue.

VASCULAR TISSUE.

~43. Vascular tissue has been divided by modern bota-
nists into three varieties; namely, vascular proper, pitted,
and lactiferous. Vascular tissue, properly so called, con-
sists of cylindrical cells of great delicacy and thinness,
called spiral vessels and ducts. Spiral vessels consist of
hair-like tubes coiled round and round in a spiral manner,
and enclosed in tubes of transparent membrane. They are
of a light elastic nature, and though coiled up naturally
like a cork-screw (see fig. 5), they may be unrolled to a

BN Visiusuuttiiunitil VAN
Fig. 5.—Spiral Vessel.

considerable extent. If a leaf of the spider wort (7ra-
descantia), or of any kind of bulb, be doubled down first
on one side, and theun on the other, so as to break through
the outer skin on both sides, and if the two pieces of the
leaf be then carefully and gently drawn asunder, the trans-
parent membrane will break, and the spiral vessels will
unrol, so as to appear, when seen with the naked eye, like
fine hairs between the two portions of the leaf. The stalk
of a strawberry leaf,a shoot of the dogwood, and the young
stems and leaves of many other plants, will show the great
extent to which their spiral vessels will unrol, if treated in
a similar manner; but in many plants these vessels are too
fine to be seen without a microscope, or too delicate to bear
unrolling. Spiral vessels prevail in leaves and flowers, and
are found, though more sparingly, in the young green
wood of trees and shrubs ; but never in the old solid wood,
and very rarely in the roots, or in the bark. They are very
few and small'in coniferous trees; but they are abundant
in palms and their allies. In ferns and the club mosses they

56. How is the vascular tissue divided 7
57. What is said of spiral vesgels ?
3
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occur occasionally; but the other cryptogamous plaits are
entirely without them. These vessels are sometimes called
air vessels, because their slender spiral tubes are always
found filled with a kind of air, which contains seven or
eight times more oxygen than the common air we breathe.
Ducts are cylindrical tubes closely resembling those which
enclose the air vessels; only the spiral vessels they contain
appear to have been broken into rings, or short corkscrew-
like curves, which sometimes cross each other in a reticu-
lated manner. These rings and curves are, however, quite
different from the true spiral vessels, as they have no power
of unrolling, and appear only intended to keep the slender
membrane which forms the duct distended. Similar rings
are found in the windpipe of animals, which appear also
only intended to keep that membrane distended. The
ducts in plants are always found to contain liquid.

44. Puitted tissue, sometimes called dotted ducts, or vasi-
form tissue, consists of tubes which, when held up to the
light, appear full of holes, from the numerous dots in the
lining of their sides. The mouths of these tubes are very
conspicuous in the wood of the rattan when cut across;
they are also to be seen in sections of the oak and the
vine ; and, indeed, in most other kinds of wood, as well as
in the stems of herbaceous plants. Being the channels
through which the ascending sap is conveyed, the dotted
ducts are larger than the vessels of the other tissues, and
are distinctly visible in many kinds of wood, even -when
dry. Modern botanists consider them as belonging to cel-
lular tissue, and as consisting only of elongated cells placed
end to end, and opening into each other so as to form a
kind of tube. The dots are supposed to be formed by de-
position of earthy matter, like that in the cellular tissue
which forms the stones of fruits, and which botanists call
sclerogen.

45. Lactiferous tissue, which is the same as the proper
vessels of the older botanists, consists of tubes, which are

58. Describe the spiral ducts.
59. What of the pitted tissue, with examples ?
60. What is the nature and use of the lactiferous tissue ¢
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distinguished from all other kinds of tissue by being
branched. They are filled with a mucilaginous fluid called
the latex, which is, in fact, the descending sap, and is full of
numerous small specks, like that which is the germ of the
future chicken in the egg of a hen. These specks are
always in motion while they remain in the vessels of the
latex, and whenever they are deposited, they expand into
cells of different kinds of tissue. From the latex, also, is
formed gum, sugar, tannin, or other secretious, according
to the nature of the plant. The vessels of the latex are
found on the under sides of leaves, and within the inner
bark, which they may be said to line: hence the peculiar
secretions of a tree are generally strongest in the bark, and
what are not deposited there, are in most cases carried down
to the root.

46. Most kinds of tissue may be traced in all the com-
pound organs of plants, though in different proportions, ex-
cept the vessels of the latex, which are only found in the
under part of the leaves, and lining the inner surface of the
liber, or inner bark.

COMPOUND ORGANS, AND THEIR FUNCTIONS.

47. THE COMPOUND ORGANS OF PLANTS are composed
of several of the simple ones; as, for example, a leaf has
woody and vascular tissue in its veins, and cellular tissue in
its pulpy part; and in like manner, these elementary organs
are found in the stem, flower, fruit, and, in fact, in every part
of the plant. The compound organs are divided into three
kinds; namely, the general organs, which are common o
every part of a plant, such as the epidermis, or skin, and
the hairs; the organs of nutrition, through which the plant
takes and digests its food, such as the root, stem, and leaves;
and the organs of reproduction, which are the flowers, fruit,
and seeds.

61. How are the compound organs of plants divided ?




28 VEGETABLE PHYSIOLOGY.
GENERAL ORGANS, AND THEIR FUNCTIONS.

48. THE EPIDERMIS, OR SKIN, is a thin membrane, which
covers every part of a terrestrial plant, except the stigma
and the spongioles, but which is sometimes entirely or
partly wanting in plants which live under water. It is com-
posed of a kind of cellular tissue; but the cells are pressed
so closely together, as to make it appear homogeneous to
the naked eye ; and they are filled with air instead of water.
The use of the epidermis is to retain a sufficiency of mois-
ture in plants; for, should the delicate membrane of which
the cells of their tissue are composed become so dry as to
lose its elasticity, the different organs would be unable to
perform their proper functions. On this account, its thick-
ness is curiously adapted to the conditions under which a
plant grows. In ordinary cases, the epidermis consists of two
layers, the outer one of which, called the cuticle, is extremely
thin, and consists of cells of oblong shape and large size,
pressed closely together, and filled with air: while the se-
condary layer is formed of cells of a different shape and
size, but still closely pressed together. In the plants of
very hot countries, it consists of three, or even four layers,
in order that the moisture may be retained, notwithstand-
ing the excessive heat and dryness of the climate. The
oleander being a native of a country subject to hot drying
winds, has an epidermis which consists of four layers.
Those plants which have numerous pores, or stomata, in
their epidermis, require watering oftener than others, and
are more easily affected by the heat of the sun. Thus, we
often see the leaves of the common lilac droop, as though
the plant were suffering for want of water; while those of
the apple or pear tree which grows beside it are perfectly
unaffected by the heat—the latter tree not having above
twenty thousand pores in the square inch, while the lilac
has one hundred and sixty thousand in the same space.
The epidermis of aquatic plants is extremely thin; and,
indeed, it is entirely wanting on the under side of floating

62. Describe the epidermis of plants and its use.
63. What of its layers and pores ?
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leaves, as also on the stigma of the flower, and on the
spongioles of the roots. The cuticle, being composed of
cells so firmly pressed together that it is longer in decom-
posing than any other part, is often found on leaves of
which all the pulpy part is decayed. While in a healthy
state, the epidermis adheres so closely to the pulpy part of
the leaf, that it cannot be separated without laceration of
the cells, however easily it may appear to peel off.

49. The stomata are valve-like openings in the epider-
mis, which communicate with
the intercellular passages,and
which seem intended to re-
gulate evaporation. Some-
times these openings are par-
tially closed with hairs; and
succulent and aquatic plants
have either no stomata, or
have them so imperfectly  Fig. 6.—Stomata of a Leaf.
formed, as scarcely to be ca-
pable of action. They have never been discovered upon
roots, nor upon the ribs or veins of leaves. 'The word
stomata signifies mouths; and each stoma, or mouth, con-
sists of two kidney-shaped cells, which, when open, leave
a delicate little slit between them, but which have the power
of closing entirely when pecessary. The stomata are so
extremely small, that one hundred and sixty thousand have
been counted in every square inch on the under side of
the leaf of the common lilac. They are generally most
abundant on the under side of the leaf, and in the lilac
there are none on the upper side; but in some plants—for
example, in the carnation—the numbers are equal on both
sides, and do not amount to more than forty thousand in
the square inch in each. In other plants, the numbers are
very limited ; as, for example, the mezereon has no stomata
on the upper side of the leaf, and only four thousand in
the square inch on the under. The use of the stomata is
to enable the plant to throw off its superfluous water, and

64. What of the stomata or mouths of the epidermis ?
65. Their number and peculiarities.

«
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this it does with great rapidity when exposed to the heat
of the sun. The vessels of plants are so extremely small,
that all the solid substances they take must be reduced to
an impalpable form by solution in water before they can be
absorbed ; thus, a great deal more moisture is taken up by
a plant than is wanted for its nourishment; and the super-
fluous water would distend the vessels, and bring on a kind
of dropsy, if it were not evaporated through the stomata.
This occasionally happens with plants that have very few
or no stomata; such, for example, as the different kinds of
cactus, and all those which have succulent or fleshy leaves.
If these plants are over-watered, their vessels become dis-
eased, and decay soon ensues.

50. Hairs are minute expansions of the epidermis, and
are found almost upon every part of a plant. Sometimes
they cover the whole of the leaf, and sometimes they are
only found on the lower surface. They are of two kinds;
namely, lymphatic and glandular.

51. Lymphatic hairs are of various kinds, but they may
be divided into short and long. Of the short, the most
remarkable are, down, or pubescence, when the hairs are
very short and very soft; fomentum, when they are closely
pressed to the surface of the epidermis, and appear en-
tangled ; velvet, when they are very short, dense, and rather
rigid; and bristles, when they are short, stiff, and wiry.
Hooks and barbs are bristles hooked or barbed at the point.
Of the long hairs the principal are those called hirsute,
which are moderately long and rigid; pilose, of the same
kind, but longer : villous, long and soft; crinose, very long
and loose ; and silky, long, but pressed closely to the sur-
face. Besides these kinds, hairs, whether long or short,
are said to be ciliate when they surround the margin of a
leaf or petal, like the lashes of the eye ; bearded when they
grow in erect tufts ; and stellate when they grow in similar
tufts, but are spread out like little stars.

52. The use of lymphatic hairs is partly to protect the
surface of the leaf from the heat of the sun and from dry-

66. Describe the hairs of the epidermis.
67. The varieties of hairs, and how designated ?
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ing winds, and partly to collect moisture from the atmos-
phere. It is now known that plants take in nourishment
from the atmosphere as well as from the ground; and it is
supposed that part of this nourishment is absorbed through
the lymphatic hairs. It has been observed, that the hairs,
when they do not cover the entire surface of the leaf,
always grow either upon the veins or in the angles where
the veins cross each other. It is thus evident that they
have a direct communication with the vessels containing
the sap. Lymphatic hairs are most abundant on the under
surface of the leaves, which is, indeed, very rarely entirely
devoid of them.

53. Glandular hairs are hollow, generally open at the
point, and with a recéptacle of secretion at the base. Of
this nature are the stings of the nettle, and the hairs of the
sweet-brier, &c., which are filled with a fragrant volatile
oil. In both these cases, glandular hairs seem to act as
organs of excretion, through which the plant is enabled to
exude certain fluids.

54. The position of hairs is generally perpendicular to
the surface on which they grow ; but in some plants they
are attached by the middle; as, for example, in all the cab-
bage tribe.

55. Scurf is the name given to a rough and spotted ap-
pearance on the leaves of plants, which is also an expan-
sion of the epidermis.

56. Glands are organs of secretion, or cells containing
liquid different from that in the cells of the common tissue
of the plant, as in the flowers of the Hypericum, or St.
John’s wort, which give out a red liquid when pressed.
Sometimes glands assume a wart-like appearance; thence
the stems or leaves on which they appear are said to be
verrucose, or warty ; and sometimes they take the form of
little watery blisters, in which case the plant is said to be
papillose.

57. Prickles may be called hardened hairs, as they are
merely indurated expansions of the epidermis, without any

68. What functions do they perform in plants?
69. What other organs are named ?
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woody fibre; and they may be detached from the branch
which bears them without laceration. Oceasionally the
side veins or lateral ribs of a leaf end in sbarp points,
which are called prickles, as in the leaves of the holly; but
these are, in fact, spines, as they are expansions of woody
fibre.

58. Thorns differ from prickles in being formed partly
of woody fibre; and they cannot be detached from the
branch which bears them without lacerating its vessels.
They are, in fact, abortive, or imperfectly developed buds,
and are formed instead of leaves and branches.

59. Spines resemble thorns in every respect, except in
being found on the leaves and stems of herbaceous plants,
while thorns only grow on the trunk and branches of
woody plants. When spines grow on leaves, they are
always found on the nerves or veins, which are exteusions
of the woody fibre. Spines serve to protect the leaves;
and, in some instances, when the plant has risen above the
reach of animals, it produces its leaves without spines.

60. Of the gencral organs, the epidermis is the only one
that is sure to be found on every plant, and even of this the
cuticle cracks and peels off in the case of old trees. The
stomata, it has been already observed, vary exceedingly in
numbers, according to the nature of the plant, and in some
they are entirely deficient. The hairs are also sometines
wanting, in which case the surface of the leaf is said to be
glabrous, or smooth.

ORGANS OF NUTRITION—ROOT,STEM, LEAF-BUDS, AND LEAVES.

61. THE ORGANS OF NUTRITION are the root, the stem
and branches, and the leaves; and of these organs, the root
and the leaves, or some modification of them, must exist in
every flowering plant, as the vital functions could not be
carried on without them.

62. Tue roor is that part of the plant which grows

70. Define the technicals italicized.

71. What is said of the universality of the epidermis ?
72. Name the organs of nutrition.

73. Describe the root.
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downwards from the vital knot, or collar, which divides it
from the stem.

63. There are two kinds of roots ; namely, the main root,
or caudez, and the fibrous roots, or_fibrils.

64. The uses of roots are to give stability to the plant,
which is done by the main root; and to supply it with
nourishment, which is done by the fibrils.

65. To give stability to the plant, the main root either
descends to a considerable depth into the ground, or spreads
over a sufficient extent of surface, to afford a proper base
to the head. When the main root descends perpendicu-
larly, it is called a tap-root ; and when it divides just below
the collar, it is called a branching root.

66. To supply the plant with food from the soil, the main
roots are furnished with a great number of slender fibres,
each ending, as the main root does itself, in a soft porous
part called a spongiole, from its resemblance to a little
sponge. This organ imbibes what moisture it can find,
and the moisture is thence transmitted through the other
parts of the root to the stem and leaves.

67. Roots elongate chiefly by fresh tissue forming at the
extremity of the fibrils. Thus the spongioles being always
the latest formed part of the root, the tissue composing
them is looser in its texture than that of the other parts,
and more readily absorbs water. The whole root, except
the spongioles, is also covered with an epidermis, or skin,
which is destitute of pores, and which, in trees and shrubs,
become thickened by age into a cortical integument like
bark.

68. A tap-root is always sent down first by a seedling
plant; but as the plant increases in size and strength, the
tap-root seems to disappear, as it either changes its form,
or is surrounded by other roots, which soon attain such a
size and thickness as to render the original root no longer
distinguishable.

69. As plants increase in age their roots enlarge. Trees
and shrubs have, after the first few years, in most cases a

74. Varieties and uses of roots.
75. What change by age ?




34 VEGETABLE PHYSIOLOGY.

branching root, as shown in fig. 7. Herbaceous plants
: have geunerally either fibrous roots, that s,
a number of roots of the same thickness
descending perpendicularly, or extending
horizontally from the collar; or they have
thickened roots, in which a store of fecu-
lent or mucilaginous matter is laid up for
the use of the plant, should it be required.
Of this nature are the spindle-shaped or
fusiform roots of the parsnip (a in fig. 8);"
Fig. 7.—Branch- and .t.he truncated root shown in b, the
ing Root.  moniliform or granulated root of the mea-
dow saxifrage (fig. 9), fasciculated tubers of
the dahlia and peony (fig. 10), and the tuberous roots shown
in figs. 11 and 12.

(4

J

Fig. 9.—Moniliform Roots. Fig. 10.—Fasciculated Root of
the Peony.

76. Describe the various roots of herbaceous plants, with examples.
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Fig. 11.—Tuberous Roots. Fig. 12.—Twin Roots.

70. Roots have no natural buds, and on this account
whose roots which produce buds, such as the potato, are
generally called underground stems. Some botanists in-
clude under this name the fleshy roots of the turnip and
carrot; but, as all the buds produced by these roots, and
even those found on the tubersof the potato, are always
irregular or adventitious (see fig. 13), and as all roots are
found occasionally to produce adventitious buds, the mere
fact of fleshy roots producing buds does not appear a suf-
ficient réason for calling them stems; particularly where the
collar is above the fleshy part of the root, as is decidedly
the case with the carrot (see a in fig. 14), as all botanists
allow that to be the point of division between the ascend-
ing and descending axes of the plant, or, in other words,
between the stem and the root.

i . —L tudinal Section Fig. 14.—Section of Flesh
s of aog%]tatol.n Root, with Collar.

— e

77. What of buds upon roots?
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71. The mode in which plants obtain nourishment from
the soil, is by absorbing the various substances they want
in a state of solution. It is well known that a considera-
ble quantity of inorganic matier is taken up by the roots,
the particles of which must be in a state of most minute
division, and dissolved in many times their own bulk of
water, before they can pass through pores so exceedingly
minute as those of the spongioles. The same may be said
of carbon, which is a solid substance, and which constitutes
at least one-half of every vegetable. On this account, the
quantity of moisture taken up by every healthy plant is
very great in proportion to its size; and it was found, by
experiment, that four plants of the common mint, which
were grown for fifty-six days with their roots in water, took
up during that time seven pints of the fluid, though their
own weight was only four hundred and three grains. The
fact, that water is imbibed only by the spongioles, has been
proved by bending a fleshy root, and placing it in water so
as to leave the spongioles dry, when it is said that no water
is absorbed, and it is certain that the root withers. If, on
the contrary, the fleshy part of the root be kept dry and
only the tips of the spongioles immersed in water, the root
is maintained in a vigorous and healthy state.

72. The root elongates much more rapidly than it in-
creases in thickness; and hence the roots of the largest
timber trees are extremely slender in proportion to their
trunks. The reason for this seems to be, that a very thick
root is not wanted to give stability to a ligneous plant, as
it would require an enormous depth of soil to sustain such
lofty trunks, were they dependent upon a single root. In
tap-rooted trees and herbaceous plants, on the contrary, the
main root is as thick as the stem, and sometimes thicker ;
as in that case the plant is steadied only by the root de-
scending into the ground, and the stem would be apt to be
broken off by high winds, if the main root were not of
corresponding dimensions. Another reason for the great
elongation of the branching roots is, the necessity which

78. Describe the process of obtaining nutriment from the soil, and
its chemical processes. 3
79. Proportion of growth in the roote of plants.
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trees, and other plants intended to last many years, are
under of finding fresh soil. This is not felt by annuals, as
they cannot in one year exhaust the soil within their reach
of all the nutritious substances they may require; and thus
even forest trees have generally tap-roots the first year,
though their roots afterwards soon become branched.

73. The construction of roots differs in many respects
from that of stems; though, as in other cases, the charac-
teristic differences appear in some examples to melt so
gradually into each other, that it is difficult to draw a dis-
tinction between them. It has been before observed, that
though plants and animals are really quite distinct, there are
some organized forms which it is difficult to class with either,
as they appear to belong to both. In like manner, there are
some roots that appear to be stems, and some stems that can
hardly be distingnished from roots. Of the first kind are
the aérial roots sent down by palm and other similar trees,
apparently for the purpose of strengthening their stems,
which are often very small at the base, in proportion to the
height of the tree. The roots sent out by cabbages and
cauliflowers from above the collar, when they are transplanted
to a rich soil, are of the same kind. Many herbaceous
plants send out roots in a similar manner when they are
earthed up ; and trees which grow in unnatural situations, as
on a wall or bare rock, send down roots in quest of soil
and moisture, which afterwards take the appearance of
stems. The maple, the gooseberry, and some others, may
have their roots converted into stems by reversing the plants,
and burying the tips of the shoots in the earth, so as to
leave the roots in the air. In this case, the branches will
soon send out fibrous roots from the joints which have
been buried in the earth, and the fibrous part of the old
roots withering, the roots themselves will gradually assume
the character of branches. With regard to stems being
mistaken for roots, the instances are still more common.
What are generally called creeping roots, are all under-
ground stems ; the rhizoma, or root-stalk, of the water lily,
and those of several kinds of ferns, are of a similar nature.

30. Singular construction of roots.
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The tubers of the potato and arrowroot are also called un-
derground stems, which are said to have become so dis-
tended and overgrown by an excess of cellular tissue, as
to bury the buds and to distort them out of their proper
position. This is exemplified in what are called the pine-
apple potato, the buds of which are said to be arranged with
as much regularity as those of any aérial stem. Bulbs,
which were formerly classed with roots, are, in fact, under-
ground stems and distended leaf-buds.

74. The structure of the woody part of roots corresponds
in a great measure with that of the stem, with the excep-
tions that no pith exists in roots, and that there are no regu-
lar joints, or nodes, for the production of buds. In the
place of pith, there is in the centre a bundle of vascular
tissue and woody fibre, which is carried on by branches from
the main roots through the whole of the fibrous roots, and
even through the spongioles; though in the fibrous roots it
is only covered by a sheath of transparent cellular tissue,
and in the spongioles by tissue of a still softer and looser
nature. This bundle of fibre and vessels, forming a kind
of cord, may be seen distinctly through the transparent
sheath with which it is covered ; and as the descending sap
is conveyed by it downwards, a portion of that sap, con-
taining the peculiar secretions of the plant, is frequently
discharged by it from the roots: hence the ground in which
poppies have been grown has been found to contain a por-
tion of opium, and that in which oaks have grown, tannin,
&c.. On this account, the roots, like the bark, are often
found to contain a great portion of the secretions of the
plant.

75. The collar, or vital knot, also called the collet, neck,
or crown, is that part which divides the stem from the root.
It is sometimes scarcely perceptible, as in most kinds of
herbaceous plants; but in trees and shrubs, it is generally
marked by a roughness round the stem, just above the sur-
face of the ground. In the elephant’s foot, or Hottentot

81. What of under-ground stems, bulbs, etc. ?

82. Nature and functions of the woody part of roots.
83. What of the collar of plants?
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bread, it is exceedingly enlarged, and covered with a hard
woody substance (see fig. 15). De Candolle, and other
continental botanists, have regarded
the collar as the most vital and im-
portant part of a plant; and though
the majority of modern botanists ap-
pear to think that its importance has
been overrated, it is quite certain,
that if the collar be uninjured, the
stem of most plants will grow again
when cut down ; but no art can make
the roots produce another stem where
the collar is removed, unless it should
be from an adventitious bud. Thus, Fig. 15.—Elephant’s
the tubers of the dahlia, when sepa- Fogk

rated from each other with a portion of the collar attached,
will produce separate plants; but if no part of the collar
be attached to the separated tuber, though it may continue
to live, and even grow, no art can ever make it produce a
stem.

76. Tue steMm is the ascending axis of the plant, always
growing above the collar, as the root grows below it. Tt
1s furnished with joints or nodes at regular distances,
where the fibres and vessels take a curved direction, so as
to form a little recess, plainly discernible when the branch
is split in two, in the centre of which the bud is formed
that afterwards expands into a branch furnished with leaves,
and sometimes producing flowers and fruit.

77. Stems are either ligneous, herbaceous, or suffruticose.
Ligneous stems are those of trees and shrubs, which, being
composed principally of woody tissue, are hard and dura-
ble. Herbaceous stems, on the contrary, being composed
chiefly of cellular tissue, are green and succulent, and of
short duration, generally dying down to the ground every
winter, even when the root survives. Suffruticose stems
are those which are partly ligneous and partly herbaceous;

84, Importance of the collar in transplanting.
85. Define the stem and its varieties.
86. Varieties of ligneous stems, and define.



40 VEGETABLE PHYSIOLOGY.

the lower part of the stem being woody, and the young
shoots succulent. ;

78. Ligncous stems differ in their construction according
as they are Exogenous, Endogenous, or Acrogenous. :

79. Exogenous ligneous stems increase by successive
layers of new wood, deposited within the bark on the out-
side of the old wood: hence they are called ezogenous,
which signifies to increase on the outside. In external
aspect, the ligneous exogens are easily distinguished !.)y the
branching and leafy nature of their trunks, which, in the
case of forest trees, often present a lofty and commanding
appearance (see fig. 16). As shrubs and trees, they yield

at once beauty and shelter to the landscape,
while their timber, from its strength and
durability, is of most essential service to
man in the construction of houses, ships,
implements, and machinery.

80. The stem of a seedling exogenous
{ree consists at first only of cellular tissue,
surrounded by an epidermis; but as soon
as the leaves have expanded, some bundles
of woody fibre are deposited, so as to have
the appearance of a dotted circle just with-
in the skin. Asthe tree advances in
growth, the cellular tissue in the centre be-

Fig. 16.—Pine. comes what is called pith, and rays of it
extend to the epidermis between the bundles of woody
fibre. A membrane, or rather layer of vascular tissue, then
forms round the pith, so as to separate it entirely from the
bundles of woody fibre, and the pith takes the form of a
star, with rays diverging from a centre. The pith was call-
ed by the older botanists the medulla, from the resemblance
of its position in the tree to that of the medulla, or spinal
marrow of an animal; and for the same reason, the layer
of vessels round the central pith is called the medullary
sheath, and tl’1e rays the medullary rays. In the second
o g o ey e e i ot

aye y fibre are deposited, and they

3 S Sl i oyl
87. Define the technicals here italicised.

_—
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continue to do so every year till the tree is full-grown. In
the second year’s growth of a seedling tree, a complete
layer of wood is formed round the pith just within the epi-
dermis, and this is called the alburnum, or sap-wood. An-
other Jayer of vessels, like those in the medullary sheath,
afterwards forms round the sap-wood, so that when a second
layer of wood is deposited, a distinct ring of vessels re-
mains between the two. This process is continued every
year, and, as the layers of vascular tissue have always a
different appearance from the tissue of the wood, the rings
of vessels between the layers of wood, which are called
concentric circles, and the medullary rays diminished to fine
lines, may be always traced in a section of the trunk of a
tree (see a in fig. 17). The medullary rays become changed
in time into thin hard plates, which still radiate from the
centre to the outer circumference of the tree, and which form
what s called by the carpenters the silver grain of the wood.
The central pith, in the meantime, has diminished to a
mere speck in the middle of the tree, or, as is frequently
the case, it has entirely disappeared. The layer of wood
which is deposited every summer, always appears soft and
white for the first year; and it is called the sap-wood, be-
cause the ascending sap rises through it the following
spring.  This wood is of no value as timber, and carpen-
ters, 1n their contracts for houses, always agree not to use
it, promising, that their wood shall be free from sap, &ec.
The inner layers of wood in the tree form what is called
the heart-wood, or duramen, which is extremely hard and
durable. As the layers of wood are thus distinct, and as
one is generally deposited in temperate climates every
year, it has been supposed the age of a tree may be found
by counting the number of concentric circles; but this rule
does not always hold good, for the reasons before explained
(par. 32). Sometimes, but rarely, concentric circles are
not formed at all; as in the Menispermum, in which, after
the first year, the wood appears to be in one mass; as in
the trunks of the woody species of Aristolochia, in which

—_—

88. What changes indicate the age.
89. What of the sap-wood in various trees ?
*
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the wood is divided into wedge-shaped portions by the
medullary rays; and as in old tranks of Calycanthus, in
the wood of which four distinct axes, or central points,
may be traced. The sap-wood of regularly-formed wood
is always white, but some secretions are conveyed by the
returning sap through the medullary rays into the heart-
wood, which changes its colour to brown of various shades,
dark red, green, or even black, according to the nature of
the tree.

81. The bark of exogenous trees consists of three, and
sometimes four parts; namely, the cuticle, or outer skin;
the cortical integument, or solid part; and the Lber, or inner
bark. Of these, the cuticle, or outer skin, soon cracks, and
partially peels off; as from the closeness of its texture, it
cannot dilate so as to give space for the bark beneath it,
when that organ increases in thickness. The cortical inte-
gument is what is properly called bark, and this in some
trees attains a considerable thickness; as, for example, in
the cork-tree, which is a variety of Spanish oak, and in
several kinds of elm. 'This batk, or cortical integument,
is occasionally in two layers, the inner one of which in-
creases so rapidly in diameter, that the outer often cracks;
and in some trees, as, for example, ia the Oriental plane, it
falls off in large plates as the part below it expands. The
liber, or inner bark, which is quite distinct from the two
layers of cortical integument, is very thin, though a layer
of it is deposited every year within that of the preceding
year. It was supposed by Linnaus that the inner bark be-
came wood the second year, but this is now proved to be
incorrect. It is generally very elastic, and dilates as the
stem of the tree increases in thickness; but in a few ligne-
ous plants, such as the vine and the honeysuckle, a portion
even of the liber is thrown off annually. In the Menis-
permum and its allies, it is only formed the first year, and
then buried in the trunk, where it is found near the pith.
In some trees, as, for example, the Lagetto, or lace-bark
tree of Jamaica, the liber is capable of extraordinary dis-
tension; and in others, as the lime tree, it 1 remarkable

90. Describe the varieties of bark, examples.
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for its toughness, as is shown in the bast mats which are
made of it.

82. The nodes of exogenous trees and shrubs are the parts
destined to produce buds; and in some shrubs, as, for ex-
ample, in the vine and the lilac, they are very distinet. They
are generally called joints, but this is an incorrect mode of
speaking, as the stem is not jointed where they occur.
When a branch or stem of a ligneous plant is split open, it
will be found that at every node there is a peculiar arrange-
ment of the fibres, so as to form a little hollow or cell, in
the centre of which the germ of the young bud forms. |
From some nodes, two buds are produced opposite each
other; and in some herbaceous plants, four leaves or flowers
spring {rom each node; but buds are very rarely produced
from any other part of the tree, and when they are, they

Fig. 17.—Sections of Exogenous and Endogenous Stems.

are said to be adventitious, or irregular. The spaces be-
tween the nodes are called infernodes. y
83. Endogenous ligneous stems have neither pith, medul-

91. What are nodes of trees and shrubs ?
92. Peculiarities of endogenous ligneous stems.
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lary rays, nor concentric circles; and though they have a
cortical integument, they have no bark in the proper sense
of that word, which signifies a substance easily separable
from the wood. A section of the trunk or stipes of an en-
dogenous tree (see fig. 17, b) consists of a mass of cellular
tissue, intermixed with bundles of woody ﬁbre_, some of
which are deposited every year, the new ones being always
inside the others: hence the name of endogen, which sig-
nifies to increase from within. Nearly all the plants be-
longing to this division are natives of the tropics, where
only a few exogenous trees are to be found.

84. The trunks of endogenous trees increase differently
from those of exogenous ones. In seedling endogens, a
whorl of leaves is first developed, in the centre of which
appears a fleshy substance, somewhat resembling the root-
plate of a bulb, but of nearly the full size of the after-dia-
meter of the tree; and this fleshy substance will be found
to consist of a mass of cellular tissue, traversed in every
direction by bundles of vascular and woody tissue proceed-
ing directly from the veins of the leaves. The fleshy part
or plate having extended horizontally to the necessary
size, begins to rise slowly upwards, leaving the tuft of
leaves at its base, but developing others from the bud form-
ed at the apex of the growing point; the bud not being con-
ical, like that of an exogenous tree, but truncate. As the
stem elongates, the leaves send down bundles of vascular
and woody tissue, which, after proceeding for some dis-
tance down the centre of the stem, finally curve outwards,
and lose themselves in the cortical integument which sup-
plies the place of the bark. Every year the old leaves de-
cay and fall off, leaving the remains of their foot-stalks
attached to the trunk, while the new leaves which are de-
veloped send down fresh bundles of fibres in-the centre of
the stem, and these press the outer ones more closely to-
gether, so that the most compact wood is always found
nearest the cortical integument of the tree. This cortical
integument differs from bark, in being inseparable from

93. Define the technicals italicised.
94. How do the trunks of this species increase ?
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the wood ; but it is a mistake to suppose that it will never
suffer the tree to increase in thickness, as it is capable of
considerable distension, particularly in the dragon trees,
and other allied genera. In the palms,
however, it soon indurates; and hence
these trees, when they have reached
maturity, never increase in diameter
by age; and as soon as the space
within their cortical integument is
filled up, they begin to decay. The
wood of endogenous trees is much
less compact than that of exogenous
ones; and, as it i1s weakest in the
centre, it is seldom fit for building
purposes. The palms are the princi- 2
pal trees belonging to this division  Fig. 18.—Palm.
(see fig. 18).

85. Acrogenous stems increase by the petioles of the
leaves growing together; and thus a section of the wood
of the tree fern does not present a series > G
of concentric circles like that of oxoge- =)
nous trees, nor a fibrous substance like
that of the endogens, but a series of zig-
zag layers, caused by the successive addi-
tion of the annual footstalks of the with-
ered leaves. The only trees belonging to
this division are the tree ferns (see fig. 19),
which are principally found in Van Die-
man’s Land and New Zealand; but their
wood is of no value whatever as timber,
and is said to be unfit even for fuel.

86. The stems of herbaceous plants are
solid and brittle when young; but when old, they frequently
become tough and hollow, in consequence of their diame-
ter increasing more rapidly than cellular tissue can be
formed to fill up the space. They differ from the stems of
ligneous plants, which are nearly always cylindrical, in be-

Fig.19.—Tree Fern.

95. What of acrogenous stems ?
96. Peculiarities of stems in herbaceous plants.
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ing sometimes flat, sometimes triangular, and sometimes
square. In many cases there is no stem, properly so called;
but the flower-stalk rises directly from the root (see a in
fig. 20), and is then called a scape. The stemws of the
grasses, which are endogenous plants, are
hollow, except at the joints or nodes, where
there is a kind of partition across, so as to
divide the hollow part into cells. Stems
b of this kind are called culms (see fig. 20,
b), and their construction may be seen in
_the straw of wheat or barley, or the cane
Al , of the bamboo. The stems of the maize
and the sugar-cane are, however, filled up
with fibrous matter, though they also be-
long to the grass tribe. As the life of

Fig. 20.—Flower herbaceous plants is so much shorter than
Scape (a), and Culm that of trees, all the functions of their or-
zg_a kind of Grass s are much more rapidly performed.

No regular layer of wood is deposited,
there are no scales to the buds, and in most cases no buds
are formed on the stem for the ensuing year; for the stem
itself generally dies down to the ground every winter. In
some plants the root dies, as well as the stem, as soon as
the seed has ripened, and these plants are called annuals,
because they must be raised from seed every year. Other
plants are called biennials, because they seldom flower till
the second year, though they frequently live three or four
years. Perennials are those in which, though the stem
may die down to the ground, the root remains alive, and is
stimulated by the warmth and moisture of spring to send
up a growing point, from which fresh leaves, flowers, and
fruit, are developed. The stems of evergreen perennials
do not die down to the ground in winter.

87. The stems of herbaceous and suffruticose plants are
of various kinds ; the greater number are erect, but some
recline or trail along the ground, when they are said to be
decumbent, procumbent, or prostrate. Sometimes they strike
root from every joint, when they are called creeping stems

97, What of their period of life ?
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(see fig. 21); and somelimes they either cling to neigh-
bouring objects by their tendrils, or other means, when they
are named climbers; or twist their stems round any suita-
ble object, when they ’ '
are said to be-twiners.
Runners, such as are
produced by the straw-
berry, are prostrate
stems, forming tufts of
leaves and roots at
every joint.

88. Underground stems
are those portions of a
stem which grow be-
low the surface of the
ground. They are generally marked with scales, which
appear to be the rudiments of imperfect leaves, in the axils
of which buds are formed. Of this nature are the rhizoma
or root-stalk of the common reed, and that of the water=
lily. The stolones of the couch grass, and the fubers of the
potato, are generally considered by botanists to be under-
ground stems.

89. The succulent stems of some of the Cactacee par-
take of the nature of leaves, of which these plants are gene-
rally destitute.

90. Lear-Bups are the means which nature has provided
for supplying shrubs and trees with leaves and branches.
In autumn, deciduous trees lose their leaves; but in the
axil of each (that is, in the angle formed by the footstalk
with the branch), a little bud previously forms, from which
{resh leaves are to expand the following spring. During
winter, the bud is enveloped in numerous imperfect leaves
or scales, which are imbricated—that is, laid over one an-
other like the tiles of a house. To this envelope Linnzus
applies the term hybernaculum, because it serves for the
winter protection of the young and tender portions of the
bud (see fig. 22). The scales, though generally very thin,

Fig. 21.—An Aquatic Plant extending its
Creeping Stems in the Mud.

98. How are the stems of plants diversified ?
99. What of leaf-buds 7
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are of a close membranous texture, well suited to exclude
the cold; in many cases they are also covered with a kind
of gum. When the particles of the sap become expanded
by the heat of spring, the scales open and roll back, or fall
off, to allow of the expansion
of the true leaves that lie with-
in them, curiously folded up
round a kind of stem, called
the azis, or growing point,
which, as the leaves unfoid,
gradually elongates, and finally
becomes a branch.

91. The outer scales of the
leaf-buds varyin different trees.

Fig. 22.—Hybernaculum, or  Tp the beech and the lime, they

st are brown, thin, and dry; in
the willow and the magnolia, they are downy: and in the
horse-chestnut and the balsam poplar, they are covered
with a gummy exudation. In some cases there are one
or more series of imperfect leaves enclosed within the outer
scales of the bud, which drop off when the perfect leaves
unfold.

92. The vernation of leaves signifies the manner in
which they are folded in the bud. The principal forms are
the following :—involute when the edges of the leaf are
rolled inwards spirally on each side, as in the apple; revo-
lute when the edges are rolled backwards, as in the rose-
mary ; convolute when one leaf is rolled up in another, as
in the plum; conduplicate when the two sides of each leaf
are folded with their faces together, and the midrib project-
ing, as in the cherry—the compound leaves of the rose are
folded in this manner; plaited or plicate when the lobes of
the leaf are each folded separately lengthways, as in the
vine; imbricate when the leaves slightly overlap each other,
like the tiles of aroof; and wvalvate when they just meet
without overlapping. There are several other forms, but
these are the principal. The vernation of ferns is said to

100. What change occurs in the winter ?
101. Define the technicals italicised on this page.
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be gyrate or circinnate, because the whole stem is coiled
up with the leaves, and siowly unrolls when they expand.

93. The position of leaf-buds, with regard to each other,
is said to be opposite when two buds spring from each node,
and alfernate when only one bud springs
fromn a node, as the buds appear first on one
side and then on the other. When four or
more leaves grow round the stem from the
same node, they are said to be verticillate or
whorled (see fig. 23). Leaves and branches
are developed from adventitious buds in the
same manner; but these buds rarely appear, Fig. 23.—Verti-
unless some injury be done to one of the cillate Leaves.
internodes of the stem.

94. Bulbs are at once contracted stems and leaf-buds on
a large scale. They are of two kinds: tunicated, like the
hyacinth; and scaly, like the lily. The tunicated bulb is
enveloped in a membranous covering resembling the outer
scales of a leaf-bud, and enclosing a number of fleshy coat-
ings or tunics, which are undeveloped leaves (see @, fig.
24).  When the bulb begins to grow, each of these tunics

Fig. 24.—Transverse Section Fig. 25.—Longitudinal Sec-
of the Onion, a Tunicated tion of the Bulb of a Hya-
Bulb. cinth.

forms the base of a leaf, and they all spring from the root-
plate (see b in fig. 25), which is in itself at once the com-
pressed stem and the collar of the plant. On the upper or

102. Relative position of leaf-buds.
103. Varieties of bulbs.
5 .
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stem part of this root-plate, new bulbs or offsets are formed
every year, exactly as leaf-buds are on the stems and
branches of shrubs and trees. Besides these offsets or
young plants, another bud, or a new bulb, is formed every
year on the root-plate (see fig. 26), to supply the place of
the old one, which has wasted away in the course of the
growing season, the substance of its tunics having been ex-
hausted in supplying nourishment to the leaves which sprang
from them. The scaly bulb (fig. 27) still more plainly

Fig. 26.—Section of a Tulip Bulb in Fig. 27.—A Scaly Bulb.
Autumn : a, the Flower of the fol-
lowing Spring ; b, the germ of the
new Bulb, which is perfected dur-
ing the Summer.

shows its bud-like nature. The loose scales are evidently
the rudiments of leaves growing round a common axis, and
the offsets are formed in their axils.

95. Corms, formerly called solid bulbs or bulb-tubers,
are, in fact, short distended stems, bearing buds from which
spring the leaves and flowers. The crocus and the corn-
flag or gladiolus afford examples of corms. If the corm of
a crocus be cut in two, just before the leaves begin to ap-
pear, it will be found to consist of a collar, from which the
long slender true roots spring; a solid white part, which is
the stem; and one or two little buds in the upper part,

which contain the germs of the future leaves and flower.

A new corm forms every year to
which wastes away whey y supply the place of that

n it has done flowering. In the

104. What of gcales, corms, etc. 7
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crocus, the new corm forms above the old one, which
wastes away, leaving its dry outer skin like a fibrous ring at
the base of the new corm which is to supply its place.

96. Leaves, when perfect and fully developed in flower-
ing plants, consist of two parts: the lamina, limb, blade, or
disk, and the petiole, or footstalk; the latter, in many cases,
being articulated or jointed with the branch or stem, so as
to be readily detached without laceration when the leaf be-
gins to decay. Sometimes the footstalk is wanting, in
which case the leaf is said to be sessile. The leaves of
cryptogamous plants are called fronds. Those of the fern
resemble other leaves in their general appearance, but their
veins are zig-zag, and their petioles are called stipes. The
frond or thallus of the lower tribe of plants, such as mosses
and lichens, is always either leathery or gelatinous.

97. T'rees which lose their leaves in autumn, and continue
bare during winter, are said to be deciduous; and it has been
observed, that those leaves which abound most in moisture,
and of course evaporate it most rapidly, fall first. Leaves
which are of a thin membranous nature, such as those of
the beech and hornbeam, often retain their hold, though
withered, till spring. Some trees retain their old leaves
unwithered, till after the new leaves have expanded, such
as the holly; and these are called evergreens, because they
never appear divested of leaves.

98. The blade of every leaf consists of a skeleton or frame-
work, with its interstices filled up by-a pulpy matter formed
of cellular tissue, or parenchyma, the whole being covered
by an epidermis. ;

99. The structure of the blade of a leaf is both curious
and beautiful. The upper and under surface are frequently
different both in colour and texture, and are, in fact, per-
fectly distinct, forming two strata, laid one upon the other,
and adhering together. In most cases the adhesion is so
close that the leaf appears only one mass; but in some
kinds of Indian plants, the two surfaces of the leaves ad-
here so slightly, except at the margin, that the hand may be

——

105. Analysis of leaves.
106. What of deciduous trees ?
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passed between them, as though it were put into a stock-
ing.
glOO. The skeleton or framework of every leaf consists of
two distinet strata of veins, one of which conveys the sap to
the upper part of the leaf, and the other to the under. In
a species of oxalis or wood-sorrel, introduced in 1341 from
Guatemala, the texture of the plant is so transparent as to
show distinctly the arrangement which nature has provided
for feeding the leaves with sap from the root. This plant
has three leaflets, and the leaf stalk contains, in its central
bundle of fibres, six sets of vessels, arranged in pairs, so
that each leaflet has two distinct sets of tubes communi-
cating with the tree. When the leaf has fully expanded, a
set of the branching vessels of the latex will be found on
the under side, which are destined to convey the descend-
ing sap, after it has been formed in the leaves, back into
the tree. The veins of the upper surface are sunk beneath
the level of the cellular tissue, and those of the lower sur-
face project beyond it. The veins of the lower surface are
usually covered with hairs, while those of the upper surface
are smooth.

101. The venation, or arrangement of the veins, differs in

Fig. 28.—Reticulated Venation of a Leaf of an Apple-tree.

different plants; but in nearly all there is a strong vein down
the middle, which is called the midrib, and is a continua-
tion of the petiole. Sometimes there is no other rib than

107. De:cribe the blade of leaves, in structure, framework and ve-
nation.
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this, as in the leaves of the carnation; but in most exoge-
nous plants there are side ribs, called the lateral nerves,
which branch out on both sides. When these are very
conspicuous, the leaf is said to be feather-nerved, as in the
beech. In some plants, as Melastoma, the auxiliary
ribs are not feathered, but lie parallel or nearly so to the
midrib. In the leaves of the greater number of exoge-
nous plants, however, the side ribs are less distinctly
marked than the midrib, and the space between them is
filled up with a network of minute veins, as in the leaf of
the apple (see fig. 28). Leaves of this kind are said to be
reticulated. In the leaves of endogenous plants there are
either only a number of parallel veins, with some larger
than the others, or there is a central rib, with minute nerves
arranged beside it in a muriform manner (see fig. 29).

Fig. 29.—Muriform Venation of a Leaf of the Gloriosa Superba.

102. The parenchymo. differs in its construction in the
two strata of the leaf. That of the upper stratum con-
sists of a number of oblong cells, which are nearly all
filled with liquid, starch, gluten, and colouring matter, or
chlorophyll. Tt is generally destitute of air-cells or inter-
cellular passages, but occasionally contains receptacles of
secretion. The parenchyma of the lower stratum, for the
most part, appears of a paler colour, asits cells hang loosely

108. Peculiarities of the ribs of leaves.
109. What of the parenchyma?
5
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together, and abound in air-cells and intercellular passages.
The veins of the lower stratum are furnished with hairs.
which appear to act like the spongioles of the roots in ab-
sorbing nourishment ; only deriving it from the air instead
of from the ground. The epidermis of the lower stratum has
generally more stomata than that of the upper, through
which a considerable transpiration of water is always taking
place. Notwithstanding the difference that commonly ex-
1sts between the two strata of the leaf-blade, in some cases
both are alike, as in the Eucalypti, the leaves of which
hang so curiously as not to present one surface more than
the other to the perpendicular light. In other plants, as the
water-lily, the strata appear to be reversed.

103. The parenchyma of the leaf is sometimes deficient in
quantity ; when this is the case, leaves are said to be cut,
or lobed, or to be compound. Leaves are called simple when
the lamina, or blade, is either entire, or not cut so deeply
as to reach the midrib; or at any rate when the segments
are not articulated with it. In compound leaves, on the
contrary, the midrib becomes' transformed into a kind of
petiole, and the lamina is divided into a number of little
leaves, or leaflets, ranged on each side, and generally arti-
culated. These leaflets are sometimes called pinne. As
proof that the indentations @re caused by a deficiency of
cellular tissue, it may be observed, that when trees or shrubs

Fig. 30.—Cordate (), Reniform (b), and Tongue-shaped (¢) Leaves,

with notched leaves are planted in rich soil, or supplied
abundantly with water, their leaves become entire. If simi-

110. What of deficiency in cellular tissue ?
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larly treated, even trees with compound leaves will produce
simple entire ones. In some plants, the parenchyma is
entirely wanting, and the framework of the leaf takes the
form of a tuft of prickles. This is especially the case with
the cactus tribe, the greater number of which have no leaves,
but only fleshy stems and prickles.

104. Simple leaves are of various forms ; as, for example,
some are cordate, or heart-shaped (fig. 30. @), as in the ma-
jor convolvulus ; reniform, or kidney-shaped (b), as in the
ground ivy; or tongue-shaped (c), as in some kinds of me-

Fig. 31.—Oval (d), Ovate (¢), and Elliptic (f) Leaves.

sembryanthemums or fig marigolds. Others are oval (d, in
fig. 31), ovate (€), elliptic ( f); but these shapes, which are
found in numerous plants, are too obvious to require ex-
amples. Other leaves are lanceolate (g, fig. 32,) that is,

Fig. 32.—Lanceolate (g), Ensiform (i), and Spathulate (k) Leaves.

tapering at both ends, as in the mezereon and the common
plantain; or spathulate (), as in the field daisy. The

111. How are simple leaves diversified in form ?
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leaves of bulbous plants are generally ligulafe, or strap-
shaped ; ensiform, or sword-shaped (2), as in the iris or flag

Fig. 33.—Deltoid (j), Hastate (k), and Sagittate (/) Leaves.

flower, the gladiolus or corn-flag, the hyacinth, and the nar-
cissus. In all these leaves the proportions of cellular
and vascular tissue appear to be nearly equal ; but in others
the framework seems to have been formed on a different
scale from that of the cellular tissue. Leaves of the latter

Fig. 34.—Retuse () and Truncate (n) Leaves.

kind are often oddly shaped. Some are called deltoid (j
in fig. 33), from a supposed resemblance to the Greek
letter Delta ; others are hastate, or halbert-shaped (k), as in

Fig. 35.—Needle-shaped (0) and Subulate (p) Leaves.

the common arum ; sagittale, or arrow-shaped (/), as in the
sheep’s sorrel and pond arrow-head ; retuse (fig. 34, m), as

112. Varieties of leaves, and names.
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in the bilberry or whortleberry ; and truncate (), as in the
tulip-tree.  The leaves of pines and firs are generally nar-

Fig. 36.——Scimitar-shaped (q) and Hatchet (r) Leaves.

row in proportion to their length, are of equal width
throughout, and often terminate in a sharp point, with a
projecting whitish line down the back, which is the midrib.
These leaves are called Lnear (o in fig. 35); and those of

it 8 //i\\\__'
Fig. 37.—Fan-shaped (s) and Pectinate () Leaves.

some other plants, such as the common furze or whin,
which are cylindrical and tapered off to a point, like a cob-
bler’s awl, are called subulate (p). The leaves of the me-
sembryanthemums, which are thick and fleshy, are often of
very odd forms—as, for example, deltoid (j in fig. 33),
scimitar-shaped (g in fig. 36), or hatchet-shaped (r). In
other simple leaves, the framework seems to have been
formed on a scale so much too large for the cellular tissue,
that the midrib and principal veins are barely covered, as
in the flabellate or fan-shaped leaf (s in fig. 37), and the
pectinate or comb-shaped leaf of the water milfoil (¢). When

113. Define the technicals italicized.
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plants with leaves of this kind are removed to a rich mqist
soil and warm situation, their bare ribs become covered with

Fig. 38.——Lyrate (v) and Lobed (v) Leaves.

flesh—the pectinate leaf is changed into what is called pin-
natifid, and the fan-shaped become lobed. Some leaves are
naturally pinnatifid, as in the common fern (Polypodium);

Fig. 39.—-Digitate (w), Palmate (z) and Pedate (y) Leaves.

lyrate, as in one of the American oaks (u in fig. 38); or
lobed (as shown at v). There are several kinds of lobed
leaves ; -as, for example, three-lobed, like the hepatica,
and five-lobed, as the vine. Digitate leaves, like those of

Fig. 40.—Bifoliate (1), Bigeminate (2), and Ternate (3) Leaves.

the horse chestnut (w in fig. 39) ; palmate leaves, like those
of the passion flower (z), and pedate leaves, like those of
the Christmas rose and of the dragon arum (y), are also
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regarded assimple, though they appear compound from their
deficiency of cellular tissue.

105. Compound leaves are also of many different forms.
Bifoliate (1 in fig. 40), when the petiole of the leaf bears
two leaflets, as in the bean caper; bigeminate (2), when
the petiole of the leaf divides into two, and each branch
bears a pair of leaflets, as in the cat’s claw, primosa; and

Fig. 42.—Impari-pinnate (6), Abruptly Pinnate (7), and Cirrhosely Pin-
nate (8).

ternate (3), when the petiole bears three leaflets, as in the
clover, biternate (4 in fig. 41), when the petiole is divided
into two parts, and each branch bears three leaflets, as in
the bulbous-rooted fumitory; and ¢riternate (5), when the
common petiole is divided into three branches, each branch
bearing three leaflets, as in the mountain barren wort (Epi-
medium alpinum). Impari-pinnate (6 in fig. 42) is when
the leaf consists of several pairs of leaflets, terminating in
an odd one, as in the mountain ash; abruptly pinnate (7),

114. What of compound leaves and their diversities
115. Varieties of compound leaves and names.
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when there is neither terminal leaflet nor tendril, as in the
orobus tuberosus; and cirrhosely pinnate (8), when the
pinnate leaf terminates in a tendril, as in tl}e common pea.
Digitately pinnate (9 in fig. 43), and conjugately pinnate

X Z. X% )
Y, 2L
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Fig. 45.—Bipinnate (13) and Tripinnate (14).
(10), are rather rare forms of compound leaves, and only
occur when the petiole of the pinnate leaf is a branch from
a common petiole. Decursively pinnate (11 in fig. 44) is

116. Define the technicals,
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when the petiole of the pinnate leaf is winged by the elon-
gation of the leaflets at the base, as in the melionthus or
honey flower, sometimes called Sicilian ragwort. This
form of leaf is not very common, and when it does occur,
it is difficult to distinguish it from the pinnatifid. Inter-
ruptedly pinnate (12) is when the leaflets are alternately
large and small, as in the potato; and bipinnate and tripin-

Fig. 48.—Runcinate (19) and Ciliated (20) Leaves.

nate when they are twice or thrice pinnate, as represented
in 13 and 14 (fig- 45).
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106. The margins of leaves are also variously formed.
They are said to be entire when they present one unbroken
outline ; sinuated (15 in fig. 46), like the oak; repand
(16) ; crisped or curled (17 in fig. 472 5 u_ndulated or yv?ved
(18) ; runcinate, as in the dandelion (19 in ﬁg._48 ; ciliated
or fringed like the lashes of the eye (20); plaited or folded

Fig. 49.—Plaited (21), Dentate (22), and Bidentate (23) Leaves.

(21 in fig. 49) ; dentate or toothed (22), and bidentate (23);
serrated or sawlike (24 in fig. 50); crenated or scolloped

Fig. 50.—Serrated (24), Crenated (25), and Armed (26) Leaves.

(5); and armed (26). To these may be added erose or
gnawed, when the margin appears as if it had been bitten
by some animal; lacinated or deeply and irregularly cut,
and incised or regularly cut.

107. The apex or termination of a leaf assumes various
forms. When drawn out to a long point, the leaf is said to

117. How are the margins of leaves?
118. Marginal variations and names.
119. What of the apex and surface of leaves ?
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be acuminate ; when notched in the middle (as in fig. 34,
m), emarginate; when tapering abruptly to a point, cuspi-
date; and when ending in alittle bristle, mucronate. Some-
times the apex extends in the form of a tendril, as in Glo-
riosa superba (fig. 29 in page 53).

108. The surface of leaves is generally covered with
hairs, scurf, blisters, or prickles; when smooth, leaves are
said to be glabrous. A leaf is said to be glaucous when its
colour is a pale sea-green, and it seems covered with a
kind of bloom.

109. Leaves often vary in shape on the same plant. In
herbaceous plants the cauline or stem leaves are generally
smaller than, and differently shaped from, the radical or
root leaves. Sometimes one side of a leaf is larger than
the other, as in the case of the elm.

Fig. 51.—Stipules.

110. Stipules (see a in fig. 51) are leaflike bodies
formed at the base of the petioles of the true leaves, and
generally sheathing the stem. When they are mem-
branous, and joined together, so as to form a sheath en-
tirely round the stem, as in the tart rhubarb, they are called

ocrez, or boots. . .
111. The petiole of a leaf often changes its form consi-

120. Varietiesin same plant.
121. What of stipules and petioles ?
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derably. When the leaf is wanting, it is generally either
dilated into a leaf-like body termed a phyllodium, or drawn
out into a long slender filament called a tendril (see fig.
52). Sometimes these tendrils are metamorphosed branches,

77

|

Fig. 52.—Tendrils of the Grape Vine (1), of the Pea (2), of the
Clematis Cirrhosa (3), and of the Ivy (4).

as in the grape vine (see 1 in fig. 52); in other cases they
are abortive leaves, as in the pea (2); or metamorphosed
bracts, as in one of the kinds of clematis (3). In the ivy,
the tendrils take the shape of roots (4), and it has been
supposed that they bury themselves in the trees to which
they are attached ; but the fact is, that the ivy is a creeping
plant, and uses its tendrils merely to take hold of the ob-
Jects to which it attaches itself. In a few cases, the petiole
is both dilated and drawn out, though the leaf is not want-
ing, as in the Chinese pitcher-plant (see fig. 53), in which

Fig. 53.—A Leaf of Nepenthes Distillatoria.

the lid of the ascidium, or pitcher (a), is the true leaf, and
all the rest the dilated petiole. The same kind of forma-
tion is seen in Venus’s fly-trap, the true leaf of which con-
sists only of the small lobes which form the trap.
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112. Many other forms of leaves and their appendages
might be enumerated, but those already given will be suf-
ficient to show the wonderful variety which has been dis-
played in these beautiful objects. When we look at a tree
sovered with leaves, we are apt merely to admire their
beauty, without thinking of their utility; or, at most, to
regard them only as contributing to our own comfort, and
affording a refreshing and delightful shade. They are, how-
ever, most important organs in the nutrition of plants, as
they not only supply the place of a stomach and lungs, but
also aid the roots in acting as mouths. Their use, how-
ever, will be more fully understood by considering the
functions of the different organs of nutrition.

FUNCTIONS OF THE ORGANS OF NUTRITION.

113. THE ORGANS OF NUTRITION are essential to the
existence of vegetation; as all plants, while in a growing
state, require to be regularly supplied with food, to afford
matter for their increase and for the other changes which
are continually taking place within them during the whole
“of that season. Early in spring the buds begin to swell
and to increase in size; and as soon as they expand into
leaves, new buds are formed in their axils, which are con-
tinually enlarging, till they in their turn, the following spring,
give birth to another race of leaves. The axis round which
the leaves were folded in the bud also increases as they
expand, till it finally becomes a branch. Even the leaves
themselves are always changing ; when they first open they
are small, but become larger and larger every day, till
having attained their full size, they gradually change colour,
wither, and fall, leaving buds behind them containing the
leaves which are to supply their place the following year.
Stems also increase every year in height and thickness, till
the period comes for their decay; and even then they do
not remain in a permanent state, for chemical changes take
place within them, by which they moulder away, and the

122. Functions of leaves.
123. What of the process of nutrition ?
G*
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elements which composed them are set free to combine
again, and to form a new race of‘ vegetables.

114. The food of plants consists partly of the four ele-
mentary substances which are found to constitute the
organic or living part of all vegetables, and partly of those
inorganic matters which are deposited in different propor-
tions in different plants, without being thoroughly assimi-
lated with their substance. The four elements consist of
one solid substance, namely, carbon, and three gases—oxy-
gen, hydrogen, and nitrogen. Of these, carbon is by far
the most important, as it forms nearly half of every vege-
table; oxygen is next, then hydrogen, and lastly, nitrogen,
of which the proportion is not more than two and a half or
three per cent., but small as this quantity is, it is essential :
in fact, no plant can long remain in a vigorous state if it be
not regularly supplied with food containing all these four
elements. A certain amount of inorganic matter, de-
rived from the soil, is also taken up by the roots through
the medium of water; and these substances, though more
abundant in some kinds of plants than in others, are also
indispensable to perfect vegetation. They are easily de-
tected by burning, as they are not destroyed by the action
of fire; and thus, when a rick of hay is burned, a small
quantity of flinty matter is found to remain, which 18, in
fact, the silex absorbed by the plants of which the hay was
made, while they were in a living state. The proportion
of inorganic matters found in plants is very small; the
greatest being about ten per cent., as in the straw of wheat
and barley, and other grasses; and the least not exceeding
four or even two partsin a thousand, as in the oak and some
other forest-trees.

115. The organic food of plants consists of carbonic acid
gas, water, and nitrogen, the last being generally in the form
of ammonia. The carbonic acid gas is obtained partly
from decaying vegetable matter in the soil, and partly from
the atmosphere. In the former case, the carbon of the soil
attracts oxygen from the atmosphere, and the gas so formed,

124. Describe the food of plants.
125. What of organic food 7
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being dissolved in water, is absorbed by the spongioles of
the root; in the latter, the carbonic acid is derived directly
from the atmosphere, and absorbed through the leaves.
The water, which yields both oxygen and hydrogen, is ob-
tained chiefly from the soil, but it also enters by the leaves;
and the ammonia is absorbed from manure and decaying
animal substances, though part of it appears also to be ob-
tained from the atmosphere. Thus, all the elements which
form the organic part of plants may be obtained from the
atmosphere without any aid from the soil, and probably
are so occasionally ; though only carbonic acid gas seems
in ordinary cases to be habitually derived from that source.

116. The inorganic matters taken up by plants are de-
rived entirely from the soil, and must be dissolved in water
before they can be absorbed. They consist of the primitive
earths, various kinds of salts, and a few minerals. The
salts are composed of some kind of acid, and a base with
which it can combine ; the bases most common in the vege-
table kingdom being the three alkalies—potash, soda, and
ammonia. Of these, potash is by far the most abundant;
and it is indeed so common in almost every plant, that their
ashes are used for making ley, a substance composed prin-
cipally of potash, and used in washing coarse linen. The
leaves generally produce more potash than the wood, from
the quantity which is lodged in the tubes of woody fibre in
their veins. Nitre or saltpetre is a neutral salt, formed by
the combination of nitric acid with potash, which has a
powerful effect on vegetation. Soda is found abundantly
in plants growing near the sea, and it is frequently obtained
by burning sea-weed. Ammonia is found in all animal
manures, and, combined with the different acids, it forms
various salts, which, however, are not so common in plants
as the salts of potash and soda. ~All animal and vegetable
substances containing nitrogen evolve ammonia in its vola-
tile state during decomposition. The primitive earths are
found in plants either in a pure state, or combined.with
carbonic, sulphuric, muriatic, or phosphoric acids. ~Albu-
men and gluten, which compose the principal substance of

126. What of the inorganic food of plants ?




68 VEGETABLE PHYSIOLOGY.

seeds, always contain a small portion of some kind of phos-
phate ; such as phosphate of lime or phosphate of magnesia.
The oxides of iron and manganese are also found in many
plants; the latter more rarely, and in less abundance, than
the former. Inorganic matters are thus necessary to the
development of every perfect vegetable, some species re-
quiring them more largely than others; hence the impor-
tance of supplying cultivated soils with those substances,
in the form of stimulants and manures.

117. The absorption of the food of plants takes place
partly through the spongioles of the roots, and partly through
the lymphatic hairs of the leaves. All the substances taken
up by the roots are mixed with a very large proportion of
water, as otherwise they could not pass through the minute
passages by which they are conveyed into every part of the
plant; but the food absorbed by the leaves appears to be
in a more concentrated state, though it also must be either
in a liquid or gaseous form. The liquid taken up by the
roots is known, as soon as it enters the plant, by the name
of sap ; as is also that imbibed by the leaves.

118. The assimilation of the food is a chemical opera-
tion, but it differs from ordinary chemical combinations in
life being the principal agent. It is called organic chemis-
try, because performed by the organs of living beings.
Thus, though a chemist may ascertain that seeds are com-
posed of carbon, with a small proportion of mitrogen, and
that wood consists principally of woody fibre, composed of
carbon, oxygen, and hydrogen, the tubes of which have
been filled up with some kind of inorganic matter, it is not
in his power to make either seeds or wood by chemically
combining the elements of which they are composed, be-
cause life, the principal agent, is wanting.

119. The sap of plants is of two kinds; the ascending
sap, or lymph, which rises in spring and early summer, and
which consists principally of the liquid taken up by the
roots; and the descending sap, or proper juice, which flows

127. Name the varieties of earths and metals, etc.
128. What of the absorption by plants ?
129. What is remarkable in the assimilation ?
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downwards in the latter part of summer and autumn, and
which appears to consist principally of the sap absorbed by
the leaves.

120. The ascending sap and the descending sap are quite
different both in their appearance and qualities. The as-
cending sap is thin and watery, and somewhat sweet; but
it contains no noxious properties, even in the most poison-
ous plants. The natives of the Canary Islands tear the
bark off a poisonous kind of Euphorbia, which grows wild
in that country, and find the ascending sap which they
obtain from the alburnum a refreshing drink ; though the
descending sap of the same tree is of so acrid a nature as
to act as a caustic, and to burn the flesh of those who may
happen to touch it. The ascending sap of the maple and
some other trees is sufficiently sweet to make sugar by
evaporation ; but the descending sap of the same trees does
not possess any sweetness.

121. The sap begins to ascend in spring, and continues
to rise till the leaves are fully developed, and begin to
imbibe nourishment from the air. The principal current
of the sap then descends by the vessels of the latex, and
continues to do so for some time, as the ascending sap had
risen, but not with equal rapidity. The force with which
the sap ascends is so great, that a bladder tied over the
stump of a vine, from which a piece had been cut off early
in May, was torn into shreds by the rising of the sap; and
by the experiments of some French and German botanists,
it is found that the motion of the sap is generally five times
greater than that which impels the blood in the principal
artery of the horse.

122. The sap ascends principally through the large dot-
ted ducts in the alburnum, but partly also by the tubes of
the woody fibre, as may be seen by cutting across the branch
of a vine in spring, when the sap will be seen oozing out
of the mouths of the vessels in large globules from the dot-
ted ducts, and in very small ones from the hollow tubes of

130. Describe the varieties of sap ?
131. What of the circulation of the sap ?
132. Changes and uses of the sap.
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the woody fibre. The ascending sap of all plants is nearly
the same ; if drawn from the tree just above the collar, it
looks and tastes like water, but if drawn from a highet
part of the trunk, it appears thick and yellowish, l@ke weak
gum water, and tastes of mucilage and sugar. This change
is produced by the ascending sap mixing with certain por
tions of starch (changed into sugar) and gum, which were
deposited by the descending sap the previous season.

123. T'he lymph or ascending sap always flows through
the soft or sap-wood, and it spreads horizontally as well as
rises vertically. It furnishes the cellular tissue for the
leaves, stem, and bark, and deposits the earthy matter car-
ried up with it in the woody fibres of the heart-wood, which
when these are filled up, becomes dead, and undergoes no fur-
ther change till it begins to decay. The sap only continues
its rapid ascent till the leaves are fully developed, and then,
though it continues to ascend, 1t is with little force, as the
principal current of the sap is downwards. The change
mn the principal current of the sap generally takes place in
trees about midsummer, or at any rate before the month of
August. In herbaceous plants, it takes place at an earlier
period, as the life of the plant is so much shorter; and
wherever the summer is hot and short, the sap descends
sooner than in countries where the summer is longer and
more temperate.

124. The proper juice or descending sap always takes its
principal current through the bark, though it also spreads
horizontally as well as vertically. It contains all the pecu-
liar products of the plants, such as milk, oil, and resin,
which it deposits as it descends. Italso deposits mucus, to
form the first layer of liber or inner bark, within the epider-
mis, which, by similar deposits, becomes changed into the
outer bark ; and other mucus for the formation of woody
fibre and those tissues of which a new layer of wood is
composed. It then passes downward to the roots, which
it hardens by its various deposits, and to the tip of which
it sends matter for fresh cellular tissue, to form new spon-

gioles, while the epid>rmis creeps gver those that formerly
existed.
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125, It was at one time supposed that the lymph changed
to proper juice in the leaves, only by throwing off its super-
fluous air and moisture, and that this was done by light de-
composing the carbonic acid sent up to the leaves by the
roots—the oxyen being thrown off, and the carbon remain-
ing to be conveyed back into the plant. This was called
the fization of carbon. It was now found, however, that
the lymph is partially decomposed in its passage upwards,
and that the oxygen set free is carried by the spiral vessels
to the leaves, where it is exhaled. The superfluous water
is also carried there and evaporated ; and the greater part
of the carbon contained in the descending sap is taken in
by the leaves.

126. The season of growth is the period of the ascent
and descent of the sap; and in those countries where plants
have two seasons of growth, there are two periods of this
change. This season varies in duration according to the
nature of the tree. In the ash it is remarkably short; and
though this tree retains its leaves only for a short period,
opening them later and losing them sooner than many
others, its wood is remarkably tough. The Scotch pine
generally finishes its growth in the space of six weeks, and
its young shoots are remarkably stiff and erect. The larch,
on the contrary, which continues growing all summer, has
long shoots, which are very flexible and slender.

127. The ripening of the wood of young shoots, is the
complete formation of the first layer of wood; and in old
trees it 1s the formation of a new layer of sap-wood, and
the-hardening of the sap-wood of the previous year.

128. When the layer of new wood is completed, mucilage
and starch are deposited 1n its vessels, part of which oozes
out in spring between the wood and the bark, which it
loosens from each other; hence bark is easily removed in
spring. This substance is called cambium, and is supposed
to be the first form of the matter which afterwards be-
comes a new layer of sap-wood. The rest of the mucilage

133. What of the respiration of plants?
134. Peculiarities of growth?
135. Define the technicals.
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and starch deposited in the vessels of the alburnum is sup-
posed to mix with the ascending sap, and to change its
colour and taste in the manner before mentioned (par.
122).

1%9. The sap-wood is always formed from the descending
sap; and thus, if a ring of bark be taken off a branch, the
upper part of the wound heals rapidly, and the branch
increases above it so much as to bulge out; while the
lower part of the wound does not heal, and the branch be-
neath does not increase in thickness. Even tying a piece
of cord tightly round a branch, so as to indent the bark and
stop the current of the descending sap which passes through
it, will make it swell above the ligature, and prevent its
increase below.

130. Every plant appears to have some maiter conveyed
to it by the lymph which it cannot assimilate. When this
matter is inorganic, it is deposited principally in the vascu-
lar tissue of the petioles and veins of the leaves, till they
become choked up with it,and the leaves fall. The organic
excremeuntary matter is, on the contrary, supposed to be ex-
haled from the leaves, or to be conveyed downwards by the
descending sap (by means of the woody tube which passes
through every root, even to the tip of the spongioles), and
deposited in the soil. The season of growth being finished,
the leaves fall off, leaving, however, in the axil of each a
little bud, to be developed into leaves the following spring.

131. The fall of the leaf is supposed by De Candolle
and many modern botanists to be occasioned by the depo-
sition of inorganic matter in the veins and petioles, which in
time so completely chokes them up, that the leaves being no
longer able to receive nourishment from, or to transmit it
to the tree, first lose their succulency and colour, and finally
drop off. M. Du Petit Thouars, and others, however, sup-
pose that as the petiole elongates, the spiral vessels it con-
tains unrol, till at last they reach their full extent and break;
then the leaf falls. Both opinions have been entertained
by eminent botanists, but the former now appears to pre-

136. What of superfluous nutriment ?
137. Philosophy of the falling leaf't
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vail ; and it is confirmed by the fact, that dead leaves, when
burned, yield more earthy matter than any other part of the
tree.

132. Tke motion of the sap has been atiributed to vari-
ous causes by different botanists. Some suppose that it
rises solely by the force of vital action; others that it is
drawn up by the leaves ; othersthat its particles are expand-
ed and forced upwards by heat; and others that they rise
by capillary attraction. The theory of Endosmose and
Exosmose, broached by M. Dutrochet, is founded partly on
this last opinion. This celebrated botanist discovered that
small bladders of either animal or vegetable membrane, if
filled with milk, and securely tied, when thrown into wa-
ter, absorbed a quantity of that fluid and acquired weight ;
while on the contrary, if bladders were filled with water,
and thrown into milk, they lost weight, from the water
being attracted through the membrane into the milk.
From these, and other experiments, he concluded, that if
two fluids of unequal density be separated by a membrane,
the heavier fluid will attract the lighter one through that
membrane; and this he applied to the ascent of the sap,
as he supposed that the greater density of the sap contained
in the tree attracted the thin and liquid lymph taken up
by the roots. He also found, that if an empty bladder im-
mersed in water had the negative pole of a Galvanic bat-
tery introduced into it, while the positive pole was applied
to the water outside, a passage of fluid would take place
through the membrane; so that the rise of the sap might
be effected in this manner by the agency of electricity.
The passage of the water through the membrane he called
endosmose, when the attraction was from the outside to the
inside ; and ezosmose, when it was from the inside to the
outside. Applying this theory to trees, it is said to be by
endosmose that water is absorbed, either from the atmos-
phere or the earth, and that the ascending sap is drawn up-
wards. Another mode of accounting for the ascent of the
sap was suggested by Du Petit Thouars, who is of opinion,
that as soon as the warmth of spring has expanded the

138. What of Dutrochst’s theory ? .
7
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particles of sap that are contained in the buds, the’e.u' cover-
ing begins to swell ; and as their size Increases, fresh sap
is attracted out of the adjoining parts, to supply the addi-
tional cellular tissue that is required. The parts thus
emptied of their sap are refilled immt_edx:dtely by sap ﬁfom
those below; and thus the whole fluid is set in motion,
from the extremity of the branches down to the roots. In
corroboration of this last opinion, is the fact, well known
to foresters and gardeners, that in spring the sap always be-
gins to move first at the extremity of the branches. Du-
trochet’s theory, however, seems to be preferred by the
greater number of botanists.

133. An accumulation of the sap takes place occasionally
without appearing to cause any derangement in the ordi-
nary functions of the organs; thus, nature not only lays up
a store of elaborated juice to be ready to descend at the
proper time every growing season, but also an accumula-
tion, when necessary, for the production of flowers and
fruit. It appears that the sap must be thickened by the
various operations it undergoes in the leaves, before it be
suitable for these purposes. It is also observed that the
thickening of the sap, which is necessary for its accumula-
tion, does not take place without the aid of heat and solar
light; and thus, in cold wet situations, plants seldom pro-
duce so much fruit as in warm and dry ones. Abundance
of carbon and nitrogen is further necessary ; and scientific
cultivators, having observed these facts, take advantage of
them when they wish to throw trees into fruit, by keeping
the roots so near the surface, as to be within the reach of
atmospheric air, from which they obtain carbonic acid and
nitrogen. They also bend the branches in training them
against a wall, so as to prevent the too rapid descent of the
sap, and to force it to accumulate in those places where
they wish flower-buds to be produced. If a ring of bark
be taken off a tree in spring, the sap will rise just the same
as usual ; but when the sap begins to descend, a protube-
rance will be formed just above the ring, which will be

139. Define the technicals.
140. What of the quantity and quality of sap?
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occasioned by the accumulation of the sap; its further de-
scent being stopped by the removal of the liber, which con-
tain the vessels of the latex. This theory also explains why
gardeners sometimes ring the branches of trees in order to
throw them into fruit.

134. The quantity of water thrown off by the leaves of
plants during the process of assimilation is very great. Be-
fore sunrise, even in the driest room, water may be seen
hanging on the under side of the leaf, like drops of dew;
or running down from the point, as though the leaf had
been exposed to rain; but the heat of the sun soon dissi-
pates this water, by converting it into vapour. Hailes found
that the quantity of water exhaled by the leaves of a sun-
flower three feet and a half high, was from twenty to thirty
ounces in twelve hours, or about seventeen times as much
as is lost in the same time by perspiration in a healthy
man. Plants exhale most moisture when exposed to the
heat of the sun, as this powerful agent excites the vessels
to more rapid action ; hence newly transplanted plants are
always put in the shade, lest their evaporation should be
greater than their weakened roots can supply; and hence,
also, when plants want water, their leaves flag. The leaves
of succulent plants have scarcely any stomata; hence they
bear the want of water for a considerable time without
injury. In some leaves, such as those which are pinnatifid
or pectinate, there is very little cellular tissue ; but the prin-
cipal ribs of the venation are always perfect, and it is
through these that the circulation and elaboration of the
sap is carried on. It was formerly supposed that in dark-
ness plants gave out nearly as much carbonic acid gas as
they had absorbed, and absorbed nearly as much oxygen as
they had given out during the day; but the experiments
of Professor Daubeny, at Oxford, have proved that this is
only the case when plants are in an unhealthy state. There
can be no doubt that all the vital actions of a plant are sti-
mulated by heat and solar light; and it is well known that
colour is chiefly dependent on light, as plants grown in
darkness are nearly white. If air be partially or entirely

141. What of the ezhalation of water from plants?
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excluded, the plants become etiolated, or blanched ; their
stems and leaves want firmness, their flowers are imperfectly
developed, and their fruits do not ripen.

185. The progress of a tree from germination to matu-
rity is comparatively rapid, particularly during the first years
of its existence, as it every year increases 1n size by the dg-
position of fresh layers of wood and the formation of addi-
tional branches. It also increases in height by new matter
forming at the extremity of its ascending shoot, though not
by the distension of any part already formed. This has
been proved by inserting pegs in the trunk of a tree, which,
in the course of two or three years, were found to be still
at the same distance from each other as at first, though the
tree itself had increased considerably in height during that
period.

136. The progress of a tree from maturity to decay is
slow. For some years after it has reached its full growth,
very little change 1s perceptible; but at last the heart-wood
begins to decay in the centre, and gradually wastes away,
till only a hollow trunk encased by little more than the
alburnum and the bark is left. The vigour of the tree is
now sensibly diminished ; but as the circulation of the sap
is carried on in the alburnum and bark, buds are still form-
ed; though the growing point seldom elongates itself into
a branch. The flowers and fruit next cease to be pro-
duced, and finally, even the leaves disappear. Life is now
extinct; but the tree still stands, till it becomes rotten at
the base from the moisture of the soil, and then the first
storm that comes blows it down. "By and by it crumbles
into vegetable mould; but this decomposition is strictly a
chemical process: it takes place in vegetable just as in
mineral substances, and. has no connection whatever with
organic functions.

142. What of the progress of trees to maturity ?
143. Describe the process of decay.
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ORGANS OF REPRODUCTION—FLOWER-BUDS, FLOWERS, FRUIT,
AND SEED.

137. THE ORGANS OF REPRODUCTION are the flowers, the
fruit, and the seed; and these, or some modification of
them, must exist in every perfect Phancrogamous or flow-
ering plant.

138. Frower-Bups are produced like leaf-buds, from
which they differ chiefly in containing one or more incipi-
ent flowers within the leaves; the flowers being wrapped up
in their own floral leaves, or bracts, within the ordinary
leaves, which have their usual outer covering of scales.
The growing point is generally developed when the leaves
expand, but it is short and stunted, and unlike the branches
produced from the leafbuds. Every flower-bud, as soon

Fig. 54.—Bractea of the Christmas Rose and the Lime-Tree.

as formed in the axil of the old leaf, contains within itself
all the rudiments of the future flowers. If a bud be ga-
thered from a lilac or a horse-chestnut very early in spring,
all the rudiments of the future leaves and flowers will be
found within it, though the bud itself may not be more
than half an inch long, and the flowers not bigger than the
points of the smallest pins.

144. What of the organs of reproduction ?
145. What of rudimental flowers ?
T*

.
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139. Bracts are leaf-like bodies, which appear to bear the
same relation to flowers that stipules do to leaves. In some

Fig. 55.—The Spathes of the Arum and the Narcissus.

cases the bract appears to form a sheath for the flower, as
in the lime (see b in fig. 54): in others it resembles a calyz,
as in the Christmas rose (a). In
some plants the bract takes a tube-
like shape, when it is called a
spathe, as in the Arum (a) and the
Narcissus (b, see fig. 55); in others
it supplies the place of a floral en-
velope, as in the glume of the oat
(fig. 56). When two or more
bracts are joined together, they
form an involucre (see a b in fig.
Fig. 56.—Glume of the Oat. 57) . and when very numerous,
they form a cupule, or cup,as in the husk of the chestnat
and the beech, the cup of the acorn, &c. Bracts, when very

146. Describe the bracts.
147. What are varieties of bracts 7
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small and membranous, are called palea, as those of the
florets of the dahlia; and when imbricated, scales, as in the
globular involucre of the cotton thistle. 'The small leaves
found growing on a flower-stalk below the smaller tufts of
flowers are called bractioles or bractlets (c in fig. 57).

Fig. 57.—Involucres of the Phlox (a), and Chinese Primrose (b);
and Bractioles of the Phlox (c).

140. The stalk of a single flower is called the peduncle s
but if several flowers be clustered together, the axis, or
central stalk, is called a rachis, and the stalks of the sepa-
rate flowers pedicels. When a flower has no peduncle, but
is directly attached by its base, it is said to be sessile.

141. The @stivation of flowers signifies the manner in
which they are folded in the bud, and this differs in dif-
ferent plants; as, for example, the petals are crumpled in
the poppy, plaited in the petunia, convolute in the pink, and
twisted in the convolvulus.

142. The position of flowers on the branch is either termi-
nal or azillary, and they are produced either singly or in
clusters.

143. The form of inflorescence, or manner in which
flowers are arranged when several are produced together,

148. Define the technicals of this page.
149. What of the diversity in flowers 7
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vary exceedingly; but the following are the most com-
mon :—A raceme is when numerous flowers are produced
on an elongated simple rachis, each flower having a sepa-
rate pedicel, as in the laburnum ; a thyrse 1s a raceme with
branched pedicels, as in the lilac; a panicle is a loose
thyrse, with flowers on long pedicels, as in the oat; a spike
has its flowers sessile—that is, without pedicels, on an
elongated simple rachis, as in the veronica, or speed-well ;
a spadiz is a spike with a thick fleshy rachis, on which the
flowers grow all round, and as closely together as possible,

Fig. 58.—Raceme, Spike, Umbel, and Cyme.

as in the arum; an amenfum, or catkin, is a spike, the
flowers of which have bracts instead of floral envelopes,
and the rachis of which is articulated, so as to fall when it
withers, as in the walnut and the poplar; a head of flowers
has a great many sessile florets attached to a flat or globu-
lar fleshy axis, called a receptacle, which is surrounded by
an involucre, as in the daisy; an umbel is a head with the
florets on pedicels, and the axis not fleshy, as in the parsley ;
a compound umbel has several small umbels on branched
pedicels springing from a common axis; a corymb has some
of the pedicels of the flowers longer than others, so that
the flowers form a flat head, as in the yarrow; a cyme has
the pedicels of the same length, so as to form a round

150. Explain the technicals.
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head, as in the elder; and a fascicle, or bundle, as in the
Sweet William, is a kind of compound cyme. :

144. The modes of expansion are the different ways in
which clusters of flowers open. When a spike is coiled,
and unrols as the flowers open—as in the Forget-me-not—
the mode of expansion is said to be gyrate. When clus-
ters of flowers begin to open first at the base, or in the
outer circle, their mode of expansion is said to be centri-
petal; but when the uppermost flowers, or those in the
inner circle, open first, their expansion is called centrifugal.
Sometimes the mode of expansion is irregular, but this is
generally when some of the florets are abortive.

145. A rrLowkRr consists of a pistil, and one or more
stamens, having generally one or more coverings called flo-
ral envelopes, to protect the stamens and pistil, which are
destined for the production of the seed. To understand
the appearance of these parts, we need only take a rose,
the green covering of the bud of which is called the calyz,
and the pink part the corolla. These are the two floral

Fig. 59.—a a, Stamens ; b, Stigma, or Summt; ¢, Ovary, or Seed-Bag;
d, Filament; e, the Style; f, Peduncle; g, Calyx; h, Corolla.

envelopes. When the rose opens, it displays in the centre
of its coralla a bunch of yellow thread-like substances,
which are the stamens, and in the middle of them, though

151. Differences in mode of expansion.
162. Analyze a flower, and define.
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scarcely to be perceived, is the pistil. Other flowers have
the same parts, as shown in fig. 59.

146. When there are two floral envelopes, the outer one |
is called the calyz, and the inner one the corolla ; but when
there is only one, it is called the calyx. When the calyx
and corolla are so mixed as to be scarcely distinguishable
from each other, as in the tulip, the floral envelope is called
the perianth; and this term is sometimes applied to the
calyx and corolla, when not confounded together. When
there is no floral envelope, flowers are said to be apetalous.

147. The divisions of the calyz are called sepals, and those
of the corolla petals ; when the calyx and corolla are con-
founded together, the divisions of the floral envelope are
called the segments of the perianth. When the divisions
of the corolla adhere at the margins, so as to appear united,
the flower is said to be monopetalous.

Fig. 60.—Calyx of Thorn Apple, Pink, and Campanula.

148. The calyz, when there are two floral envelopes, is
generally shaped like a cup or chalice, whence it takes its
name (see & in fig. 59). In some plants the lower part of
the calyx is united into a tube, and the upper part only is
divided ; when this is the case, the upper part is called the
limb. The limb of the calyx is generally said to be divided
into lobes, or segments; but in some of the Composite, it
1s cut into a kind of fringe called pappus, as exhibited in
the thistle, it being the part which crowns the seeds, or

153. Varieties in flowers.
164. Define all the technicals.
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rather pericarps, of that plant, and by means of which they
are dispersed by the winds.

149. When there is only one floral envelope, the calyx
generally takes an irregular form; and this is also the case
where the petals are less conspicuous than the sepals. 1n
the larkspur, for example, the calyx takes a calcarate, or
spur shape; and in the monkshood, a galeate, or helmet
shape.

Fig. 61.—Caryophyllaceous (¢), Rosaceous (@), Cruciform (b).

150. The corolla varies considerably in form, particularly
when the petals are distinct. Of the polypetalous corollas,
the most regular are the rosaccous (fig. 61, a), forming a
kind of cup-shape, like the rose; the cruciform (b), from
its four petals being placed in the form of a Greek cross;
and the caryophyllaceous (c), like the pink—the latter be-

Fig. 62.—Nectiferous Spurred (b), Lilaceous (a), Papilionaceous (¢).

ing remarkable for its petals, which have a very long unguis,
or claw, enclosed in the calyx, and a broad spreading limb

166. Names of diversified forms.
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i is kind
bove it. 'The other most interesting f(])‘li(mst}(:g tchc::nmon
afove l.la are the llaceous (fig. 62, a), li e'l'onaceous ©
¥ (.30;0 ’ctgferous spurred (b); and the prlﬁll i ]a"e;
s t]}led”i'om its resemblance to a butterfly. A .
Soor((::lllae confsists of five petals, the largest of;i ‘-W}t]\la:o sfn?,?]er
2rect and is called the vexzillum, or sta'ndard ti]e s
ones ’below are called the ale, or wings; an b

Fig. 63.—Campanulate (b), Hypocratiform (), Rotate (a).

which are united in the form of a boat, are called the carina,
or keel. There are many other curious fqrms of coroll:fs,
such as those of the calceolarias, the orchidacee, the arjs.
tolochias, &c. Of the monopetalous corolla, there are sel.
dom more than six regular forms; namely, rotate (fig. 63,
a), or wheel-shaped, like the mezereum; campanulate (b),
or bell-shaped, like the campanula; hypocratiform (), or

Fig. 64.—Personate ®), Infundibﬁliform (@),

Ringent (c).

sa]ver-shaped, like the auricula; irgﬁm(libuliform (fig. 64,
a), or funnel-shaped, like the convolvulys ;

! 5 urceolate, or
Pitcher-shaped, Jike the arbutus ; apg tubular, like the blue
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gentian.  Of the irregular forms, the principal are the per-
sonate (b in fig. 64), or masked, like the snap dragon ; the

Fig. 65.—Different Forms of Stamens.

ringent (c), or gaping, like the sage; and the labiate, like
the thyme—the last two being nearly allied to each other.

151. The use of the floral envelopes is solely to protect
the stamens and pistil from injury; and thus, though we
are in the habit of-considering the corolla to be the flower,
it may be wanting without injury to the plant; so that a
flower may be without petals, or any other floral envelope,
the important parts being the stamens and pistil. In the
same manner, every seed-vessel is, in the language of bota-
nists, considered a fruit, the botanical use of the fruit being
only to serve as a covering for the seed.

152. The stamens, when perfect, consist of a stalk or fila-
ment (a), supporting a roundish or oblong body called the
anther (b), the cells of which are filled with a fine dust
called the pollen (c, see fig. 65). The filaments are gene-
rally long and slender, like threads; but they are some-
times broad and leaflike, as in the water-lily; and some-
times they are wanting. The anthers are of various shapes,
but are always hollow, and commonly in two cells, united
by a part called the connective.  When the pollen is ripe,
the cells open generally by a kind of slit; but sometimes,
as in the barberry, by a valve, which becomes detached at
the base, and curls upward. All the heath-tribe have a
small hole or pore in the upper part of each cell, through
which the pollen rises when it is quite ripe. There are

156. What is the function of the envelope ?
157. What of the stamens, anther, and pollen 7
R
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three kinds of anthers, namely, adnate (d),in which the
filament is attached to the back of thg connective, fron_] one
end to the other; innate (¢), in which the filament is in-
serted in the lower part of the connective; and versatile
(f), when the filament is inserted in the middle of the con-
& nective, but so slightly, that

' ¢ the anther moves with every
/A" breeze. The connective is
sometimes drawn out into
one or two spur-like bodies
called appendages, as in the
whortleberry and the violet.
The pollen, though to the
naked eye apparently only a
fine dust, will be found, when
examined by a powerful mi-

» croscope, to consist of a
number of curiously formed
grains, each of which is
filled with fluid. The shape

o of all the pollen grains of
one genus is the same; as,
for example,.in all the spe-
Fig. 66.—Pistils. ciesof the evening primrose,

they are triangular; those of the spider wort are cylindrical
and curved, and those of the bladder senna are square.
Each grain has two distinct coverings, and the fluid which
it contains is crowded with a multitude of minute particles
all in active motion, and generally quite distinct from each
other, though the largest is not more than the five-thou-
sandth part of an inch in length. In most cases the grains
of pollen are also quite distinct; but in the evening prim-
rose they are connected by slender threads, and in some
other genera they adhere in clusters. In the orchidacez
and the asclepedacez the grains of the pollen form solid
and wax-like masses. When the pollen falls upon the

)

158. What varieties of anthers ?
159. How is the pollen shaped 7
160. Deseribe the varieties.
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stigma, each grain sends down a long slender tube, through
which the fluid it contains, and all its minute particles, are
carried downwards to the ovary.

153. The pistil consists of a hollow part called the ovary,
or seed-vessel (a in fig. 66), which is generally surmounted
by a hollow tube called the style (b), supporting a porous
substance termed the stigma (c), which is not covered by
any epidermis.- The stigma is of various shapes, and some-
times it is even leafy, as shown in fig. 66 at d. It is most
commonly, however, divided into several lobes, sometimes
called stigmata, as shown at c¢. Fig. 67 shows some

Fig. 67—Forms of Pistillum.

remarkable forms of the pistil, one of which has the ovary (e)
with a very small sessile stigma at the tip, at the extremity
of a long stipes or stalk, called a gynophore, which looks
like a style, the part which looks like an ovary below, at f,
being the receptacle which bears the stamens. . The caper
has this kind of pistil. The ovary, when young, will gene-
rally be found, if cut open, to be divided into cells by par-
titions, which are called dissepiments, or septa; but these
partitions frequently disappear altogether, or at least be-
come imperfect in the ripe fruit. In all ovaries there is a
kind of string or nerve called the placenta, to which the
incipient seeds, or ovules, are attached; and which, when
it adheres to the sides or walls of the ovary, is called pari-
etal ; but when it forms a column in the centre, is said to

161. Of what parts does the pistil consist ?
162. Define all the technicals italicised.
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L . The ovary is generally sessile, but it is
::mfe‘:?renf:snt;ralced on a sh};rt thick s!al_k, called a stlzlp::i.
When there are several ovaries in one pistil, they arfa c; tﬁ
carpels. Enclosed in the ovary are the rudlmema' o - z:
futare seed, which are called ovules. When these are hrs
formed they are quite soft; but if closely examined, tuejey
will be found to consist of two or more skins with a little pulp
inside, each having a very small opening which is lmperceg)-
tible to the naked eye, called the foramen. When the l(u le.
of the pollen descends into the ovary, it enters tl_ns nLe
opening, and thus the fertilizing fluid 1s conveyed into the
ovule.

154. The disk is a solid fleshy part at the base of a
flower, which appears to serve as a foundation for the other
parts.  When the disk supports numerous florets or car-
pels, it is called a receptacle, as the receptacle of the daisy,
the teazel, &c. (c in fig. 68). In some plants, the recep-

Fig. 68.—Receptacles of Raspberry (a) ; Strawberry () ; Teazel (c).

tacle becomes detached from the carpels when they ripen,
as in the raspberry (a), and in others it becomes distended
and juicy with the ripe carpels still upon it, as in the
strawberry (b). In other cases, the receptacle lines the
calyx which surrounds the ovary, and becomes the fleshy .
part of the fruit, as in the apple and pear, the peach, &ec.;
and sometimes the receptacle, turned inside out, encloses
the flowers and seeds, as in the fig.

163. What of the disk, and its variety of function 7
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155. Appendages of a flower are those parts the use and
nature of which have not been exactly defined, and which
Linnzus called by the general name of nectaries, from the
fact that most of them secrete the saccharine fluid or honey
found in many flowers. Of these appendages or supernu-
merary parts are the rays of the passion-flower, the trum-
pet-shaped cup of the narcissus (b in fig. 62), the scale at
the base of the petals of the butter-cup, the indusium of
the Lechenaultia, &c. These appear, however, to be abor-
tive organs; as, for example, the rays of the passion-flower
are imperfect stamens, and the corona of the narcissus con-
sists of the filaments of imperfect stamens grown together.
This tendency of the parts of a plant to change their form
by growing together, is frequently exemplified in the leaves
and bracts.

156. A Fruir, in botanical language, is simply a seed-
vessel, which is sometimes enveloped in a hard and dry.
and sometimes in a fleshy covering, or pericarp.

157. All seed vessels are cither dehiscent or indchiscent.
They are called dehiscent when they open naturally to dis-
charge their ripe seeds, and indehiscent when they do not
do so. The place of opening is generally marked by lines
or sutures, and the parts into which they separate are called
valves. 'The dehiscence of a seed-vessel is said to be sep-
ticidal when it opens at the dis-
sepiments, and loculicidal when it
opens between the dessepiments;
but these last two terms are not in
general use.

158. The most common kinds
of seed-vessels are the following:—
The follicle (see fig. 69), a dehis-
cent many-seeded carpel, with one
valve and one suture, generally
growing two or three together; /
and the legume (a in fig. 70), a Fig. 69.—Follicles.

164. Name the appendages, and their character.

165. Define fruit and pericarp.

166. What seed-vessels are dehiscent and indehiscent?
167. Name the varieties most common,
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dehiscent many-seeded carpel, with two yalves and two
sutures, the placenta bearing the seeds being attached to
the dorsal or back suture. The capsule, which is dehis-

Fig. 70.—A Legume and a Pome.

cent, dry, and many-seeded, is composed of several carpels
joined together, which either form one large cell, as in the
poppy, or are divided into several cells, by the dissepiments.
The siliqgue, which is long and narrow, and the sillicle,
which is short and broad, are formed of two carpels, joined
together with a central membranous placenta; they are de-
hiscent, and open into two valves. The nut is dry, bony,
one-celled, and indehiscent. Nuts are of various kinds,
from the hazel-nut (¢ in fig. 71) to the hard bony seed of

Fig. 71.—Raspberry and Nut.

the rose and crategus. The seed of the acer, which is a
nut, is enclosed in a thin membrane, and called a samara,
and the acorn is a nut of a peculiar kind, called a gland.
The loose covering of the filbert, and the cup of the acorn,

168. Define the technicals.
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are both different states of the involucre. 'The achenium is
a dry, bony, indehiscent, one-celled carpel, the pericarp of
which drops with the seed, but does not adhere to it; the
caryopsis, on the contrary, is an indehiscent one-seeded
membranous carpel, the covering of which not only drops
with the seed, but adheres to it firmly, as in wheat, the
covering of which is only separated after grinding in the
form of bran. Of the other kinds of seed-vessels, the
pyzis or pyxidium, is a capsule which opens transversely,
as in the anagallis; the e¢l@rio (a term not in common use)
is a collection of one-seeded berries adhering together, as
in the raspberry (d); and the berry, when ripe, has nume-
rous loose seeds buried in pulp, the seeds when unripe ad-
hering to parietal placentas, as in the gooseberry. The pome
(b in fig. 70) is what is called a kerneled fruit; that is, it
consists of two or more cartilaginous or hony carpe]a,Jolned
together, and enclosing the ‘

kernels or seeds; the whole
being surrounded by the
fleshy lining of the tubular
part of the calyx, the leafy
limb of which remains on
when the fruit is ripe, and
is called the eye, as in the
apple and pear. The drupe
(see fig. 72) is a stone fruit;
that is to say, its seed or
kernel is enclosed in a bony
nat, called the endocarp; over this is the fleshy lining of
the calyx, which becomes a juicy pulp, and is called the
sarcocarp ; and this is covered with a thick downy skin, or
epicarp. It will be observed, that all the fruits hitherto
mentioned have each sprung from one flower, part of one
of the floral envelopes of which (the calyx) has become the
pericarp of the seeds; in the fig, however, a great number
of flowers are found in one fruit, which consists of the
dilated receptacle of the florets; and in the pine apple and
bread fruit, the eatable part consists of the thickened bracts

Fig. 72.—Drupe (Section of a Peach;.

169. Explain the technicals in italics.
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of a number of flowers, which have grown together, and
become pulpy.

159. TrE seEp contains the embryo or germ of the future
plant, which is generally surrounded by a nutritious sub-
stance termed the albumen. The whole seed is covered
with a thick skin or outer integument called the festa, one
end of which has a strongly-marked round scar or hilum,
which shows where the seed was attached to the placenta,
Sometimes the seed is sessile; but at others it has a little
funicle or footstalk growing out of the hilum, or a thick
fleshy skin called an azil, by which it hangs to the placenta,
Within this testa is a second or inner integument, which is
scarcely discernible from the first, and within this is the
nucleus of the seed, containing the embryo. Near the radi-
cle point of the embryo, and generally at the end opposite
to the hilum, is a small opening through both the integu-
ments to the nucleus, called the microphyle or foramen.
Sometimes there is also on the testa, as in the orange, a
mark where the skins of the outer and inner integuments
join, which is called the chalaza; and a kind of nerve,
called a raphe, which runs from it to the hilum.

160. The chalaza marks the point of union between the
two membranes of the testa and the nucleus, and it is
always exactly opposite the foramen. Sometimes itis close
to the hilum, but at others it is distant from it, and the two
are only connected by the vessels of the raphe. These -
organs, which consist entirely of spiral vessels and ducts,
without any woody fibre, are sometimes collected into a
projecting cord, and sometimes beautifully spread over the
testa, as in the seeds of the orange and lemon. In those
seeds where the hilum is exactly opposite the foramen, there
is no chalaza, and of course no raphe, as the one cannot
exist without the other.

161. The axil is a fleshy substance, which envelopes the
seed, covering the testa. It is only found in some plants;

170. What are the contents of the seed ?

171. The analogy between animals and plants in their organs and pro-
cess of reproduction, and names.

172. Define the italicised words.
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as, for example,'in the nutmeg, of which it forms the mace;
and in the seed of the enonymus, or spindle-tree, in which
it is unusually large. It serves as a kind of funicle, and
is, in fact, an enlargement of the placenta.

162. The nucleus of the ovule consists of a soft pulpy
matter, which in the ripe seed becomes changed into the
embryo and the albumen; or the embryo only, if there
should be no albumen.

163. The albumen is the store of nourishment which na-
ture has laid up for the support of the young plant, before
its organs are sufficiently matured to allow of its supporting
itself. In most cases this matter surrounds the embryo; buat
sometimes it forms part of the cotyledons, and at others it
is wanting altogether. Even where it exists, it varies very
much in quantity, sometimes being much smaller than the
embryo; while in other cases, as, for example, in the cocoa-
nat, the albumen weighs as many, or more ounces, than the
embryo does grains. The albumen varies in quality as
much as it does in quantity. It is generally fleshy, as in the
pea and bean; but sometimes it is farinaceous or floury, as
in the wheat and in the marvel of Peru; at other times it
is oily, as in linseed ; horny, as in the coffee; or even stony,
as in the kind of palm whose seced forms the substance
called vegetable ivory. In the nutmeg and the custard ap-
ple tribes, it appears to be perforated in every direction by
a mass of dry cellular tissue; and an embryo of this kind
is said to be ruminated.

164. The outer integument of the seed consists of two
parts, the outer one of which is called the primine, and is
merely a cellular coating traversed with veins; the inner
one, which is called the secundine, sometimes adheres so
closely to the outer one, that it is difficult to separate them,
unless the ovule be examined at a very early period of its
growth. The outer of these coverings being intended to
protect the seed from injury, is frequently of a hard, bony,
or leathery texture, and its surface is generally smooth and
polished. Sometimes, however, the surface of the seed 1s

173. Varieties of albumen.
174. Describe the integuments or membranes.
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rough, and it is either winged, or covered with‘lu.fls of hair,
called coma, which are intended by nature to aid in the dis-
persion of the plant. The seed of plants belonging to the
asclepiadace is covered with a fine silky down, and that
of the cotton plant with cotton. The seeds of the Black
Italian poplars are also buried in a cottony subs.lance: Oc-
casionally the outer integument is furnished with veins, so
as to form a kind of network ; and in other cases it forms a
membranous covering, as in the seed of the orange. The
inner membrane is generally white, and so thin, that it
looks like a lining to the other. When the ovule first forms,
a portion of the mner membrane frequently projects at the
foramen, having the appearance of a little cup-shaped stigma,
but this part disappears as soon as the pollen tube has entered
the foramen. Occasionally there are three coverings to
the ovule; but when this is the case, the inner one adheres
closely to the pulpy part of the seed. Sometimes there
is a protuberance on the testa, called a caruncle.

165. The embryo of an exogenous plant is said to consist
of three parts; the radicle or root, the cotyledons or seed-
lobes, and the plumule or ascending shoot; but to these
may be added a fourth, the collar or neck. Of these, every
embryo must have a radicle and a plumnule, with the con-
necting point or collar between them; but the cotyledons
are not so essential ; and in some cases—as, for example,
in the cyclamen and the dodder—they are wanting alto-
gether. Tt is generally supposed that every exogenous
plant has two cotyledons, and hence these plants are called
dicotyledonous ; but the sycamore has three cotyledons; the
forget-me-not, and other plants of the same tribe, four ; and
the pine and fir-tribe from two to twelve; while in the
horse-chestnut and the oak, the cotyledons grow together,
so as to appear but one. In other plants—as, for example,
in the marvel of Peru—the cotyledons are unequal in size,
one being nearly twice as large as the other. The cotyle-
dons of this plant, and those of the sycamore, are strongly
veined, like leaves, in the seed; and the latter, which are
very long, are curiously wrapped up in the bud.

175. What of the parts of the embryo?
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166. The position of the embryo in the seed varies in dif-
ferent plants; but the root always points towards the fora-
men, as the root is the first part that makes its appearance,
and it is always through this opening that the young plant
emerges from the seed. The little hole that marks the
foramen is so very small in the ripe side, that it would
escape the attention of any but a botanist; but when there
1s no chalaza, it is always opposite the hilum, which is ge-
nerally very conspicuous; and when there is a chalaza, its
position is marked by the projecting cord or raphe. The
embryo is said to be straight when its radicle points to-
wards the hilum, as in the apple and the pear, the cotyledons
of which fill the whole seed, and are enclosed in the broad-
est end. In other cases the cotyledons point towards the
hilum, and when this is the case, there is no raphe, as the:
chalaza is always close to the hilum. TIn the primrose
tribe, the embryo lies across the seed ; and in the convolvu-
lus, it is coiled up in a spiral manner. It is also often

J

[ i @
Fig. 73.—Seed entirely filled with Fig. 74.—Seed with a large Al-
the Embryo. bumen and small Embryo.

curved when the hilum is half way between thé foramen
and the chalaza. The embryo is always in the same posi-
tion in every plant of the same genus, and even of the same
order. In fig. 73, A shows a seed of the candleberry
myrtle, which is entirely filled with the embryo, cut in two.
In this @ is one of the cotyledons, b the radicle, and ¢ the
place between the cotyledons from which the plumule

176. Varied positions of the embryo.
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springs, d is the foramen, and ¢ the hilum. B shows the
embyro picked out of the seed with the cotyledons (@) partly
divided, and the radicle (b) before it begins to elongate.
Fig. 74 at A shows the outside of a seed of the red currant,
with the chalaza at a, the raphe at b, and the hilum at c.
B is the same seed split in two, showing the‘secllon of the
raphe (b), the large albumen (d), with the lntl'e embryo at
the base, with its root pointing towards the hilum (c), the
_foramen being just above it.

167. In every ripe seed a quantity of nearly pure carbon
and a small quantity of gluten are laid up for the nourish-
ment of the future plant, either in the albumen or in the
cotyledons. The latter, when not fleshy, always rise above
the surface of the ground in the shape of leaves (called seed
or seminal leaves), though their form is different from that
of the true leaves. Sometimes fleshy cotyledons do the
same, as in the lupine; but generally they remain in the
ground, as in the horse-chestnut, the oak, and the broad
bean. The cotyledons, when leafy, fall off when the true
leaves expand; and when they remain in the ground, they
gradually waste away, as the nourishment they contain is
required by the yoang plant. The same thing takes place
with the seeds when they are albuminous. All the plants in
the same genus have seeds of the same kind as regards the
position of the embryo and the albumen.

168. The embryo of endogenous plants is usually a solid
cylindrical or roundish body, without any appearance of
being divided into radicle, plumule, and cotyledons, till it
begins to germinate; hence these plants are said to be
monocotyledonous. In germinating, the single cotyledon
always remains in the ground, enclosed in the testa of the
seed, while the root protrudes and elongates considerably
before any plumule appears. In some of the endogens, the
embryo has a second or accessory cotyledon; but this is
always very small and imperfect.

169. From the structure of the embryo the terms dicotyle-
donous and monocotyledonous are generally used indiscrimi-

177. Composition of ripe seed.
178. Describs the varieties in the structure of the embryo.
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nately for exogenous and endogenous ; while cryptogamous,
or flowerless plants, from being propagated by sporules
mnstead of seed, are said to be acotyledonous ; that is, with-
out any cotyledon whatever.

FUNCTIONS OF THE ORGANS OF REPRODUCTION.

170. THE FUNCTIONS OF THE ORGANS OF REPRODUCTION
are strongly marked; for, as the production of the future
plant eutirely depends on the formation of the seed, more
than usual means have been provided for enabling plants to
lay up a stock of nutritious sap for the formation of the
different parts of the flower. 'The proper juice, which has
been matured in the leaves, passes through the peduncle to
the calyx, which is generally furnished with hairs, to collect
moisture from the atmosphere, and thus enable the plant to
procure a sufficient quantity of nitrogen, as the starchy
matter contained in the proper juice requires to be con-
verted into sugar before it can afford nourishment to the
organs of reproduction, and this sugar it deposits in the disk
of the flower. This process is repeated by fresh sap con-
stantly rising, and none returning, till at last the disk of the
flower becomes so charged with sugar, that it escapes in
the form of honey. In some cases this liquid honey is so
abundant, as to half<ill the cup of the flower, as in the Ne-
paul tree rhododendron. The sugar thus deposited serves
to nourish the stamens and pistils, the anthers enlarge, and
their cases become filled with pollen; while, on the other
hand, the ovary forms, containing within it the ovules or
incipient seeds. At length the anthers burst, and the pol-
len falls on the stigma, which exudes a slightly glutinous
fluid, to which the grains of pollen adhere, and each then
sends down a delicate membrane in the shape of a tube,
which passes between the cells of the style, and entering
the ovary, penetrates each ovule through the foramen.

171. The curious formation of the grains of pollen has

179 What of the functions of these organs?
180. Describe the process of reproduction in plants.
181. Office and peculiarities 3!'. he phllen.. . .
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been already alluded to; and it will be seen, on a close
examination, that the outer coat of the grain bursts when it
is ripe,and that the inner coat elongates itself into the shape
of a tube. The cells of the stigma are also beautifully
contrived to admit the passage of these tubes, as they are
long and extremely loose in texture; at the same time so
moist and elastic as to be easily compressed when neces-
sary. It is so contrived, that the minute parlicles contained
in the grains enter slowly to the ovary, as 1t seems necessary
that the fecundating matter should be admitted by degrees.
It is also necessary that the tube should enter the foramen
of the ovule, and as the ovule is not always in a proper
position to receive it, it will be found to erect itself, or to
turn, as the case may be, while the granules of the pollen
grains are passing down the tubes. The tubes of the pol-
len grains do not appear till the pollen touches the stigma,
and they then gradually elongate, forming {resh cellular
tissue at the extremities, till they become sufficiently long
to reach their destination. The formation of the new cells
at the extremity of the tubes may be seen by a powerful
microscope. 'The ovules are also fed at the same time by
starchy matter absorbed from the ovary through the pla-
centa, to which they are attached.

172. When the seed has been fecundated by the pollen,
the petals and stamens of the flower fade, but the calyx
sometimes remains attached to the ovary,in which the seeds
now rapidly develope themselves, being fed with the rich
sap which continues to rise through the peduncle. In most
forest trees, the pericarpium, or covering of the seed-vessel,
is dry; but in fruit trees it is fleshy. When this is the case,
it is generally a part of the disk which becomes eatable. In
all the British stone and kernel fruits, the eatable part is a
portion of the disk which lines the tube of the calyx, and
which thus forms a covering to the ovary. The epidermis
of the calyx has scarcely any pores, and consequently, as
the oxygen contained in the sap cannot escape, when the
latter is decomposed, to deposit the carbon in the seed, this

182. How is the embryo nourished ?
183. Uexcribe the proceus of ripening.




GERMINATION. 99

part becomes intensely acid. When the seed is ripe, it
ceases to require any more carbon, and this substance is
deposited in the pulp, which now loses its acidity, and be-
comes sweet. In some fruit—as, for example, the peach—
the epidermis is furnished with hairs to collect moisture
from the atmosphere, and consequently this fruit abounds
in juice.

173. Some plants ripen their fruit in a much shorter
period than others; and this process is greatly facilitated
by increase of temperature. In many, the seed is ripe in
a few days after flowering; in the grape it takes from fif-
teen days to a month; in the rasp and strawberry about two
months; in the horse-chestnut four; in the apple and pear
five; in the beech and walnut six; in most pines about a year;
and in some oaks eighteen months. The peduncle, when no

.longer wanted to convey nourishment, withers, and the fruit
falling to the ground, begins gradually to decay; and in this
process the mass of pulpy matter, abounding in carbon,
attracts oxygen from the atmosphere, and thus forms a sup-
ply of carbonic acid gas admirably adapted for the nourish-
ment of the young plant, which the return of spring raises
from the seed. 1In fruits having a dry pericarp, the con-
centrated state of the carbon preserves the fallen seeds
from decay, till the embryo is called into action by the
warmth of spring.

GERMINATION.

174. THE GERMINATION OF A SEED is the change of the
inert, and apparently lifeless embryo, into a living plant ; and
this is effected by the influence of heat, air, and moisture,
which both excite the vital action of the embryo, and
change the albumen of the seed into food proper for its
support.

175. Seeds cannot germinate if any one of these three
agents of heat, air, and moisture, be wanting. Seeds in the
bed of an Italian river, where, of course, they had abun-

184. What agencies contribute to germination of seed ?
185. Effsct of tha abeence of either of thare agents.
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dance of heat and moisture, were known to lie there more
than fifty years perfectly inert, and yet o germinate as soon
as they were exposed to the air, by being throw.n wnt.h the
mud of the river on the banks. Heat aqd air, wgthout
moisture, will dry seeds, and air and moisture, without
heat, will rot them; but in neither case will they vegetate,
Light, instead of being favourable to the development of
the embryo, seems rather to retard it, and seeds are found
to germinate readily in darkness. ) )

176. When the seed of an exogenous plant is put into the
ground, so as to exclude the light, but not the air, and sup-
plied with heat and moisture, the combined effect of these
three active agents will distend the particles of which the
seed is composed, till it becomes so much enlarged that the
outer covering cracks, and a small portion of the embryo
appears projecting through the foramen. The period that
elapses between the time when seeds are placed in a situa-
tion favourable to their development, and the time of ger-
mination, varies considerably. For example, the common
cress germinates in two days, the turnip in three, grasses n
eight, hysop in a month, many pines in a year, and the hazel
not until two years.

177. When germination has taken place, a supply of food
is necessary to form new- cellular tissue; and it is on this
account that nourishment is laid up in the seed, as the
young plant cannot obtain food either from the ground or
the air till its roots and leaves be developed. It cannot,
however, at first avail itself of this provision, as its vessels
can only take up liquid food, and neither starch nor gluten
are soluble in water. To obviate this difficulty, as soon as
the particles of which the seed is composed begin to be
distended by heat, the seed absorbs water, and this being
decomposed by the greater attraction of the carbon con-
tained in the seed for the oxygen of the water, carbonic
acid is formed. It is supposed that this carbonic acid com-
bines with the nitrogen in the gluten of the seed, and pro-
duces a sweet substance called diastase; which, combining

186. Describe the process and period of germination.
187. How is the young plant ngurished 'ge v
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with the remainder of the carbon, changes it into sugar.
The young plant is thus furnished with all the nourishment
it requires; the carbonic acid gas is dissolved in water and
taken up by the spongioles, and the sugar is dissolved by
the ascending sap in the sweet juice which is always found
at the base of the growing part of a plant. As a consider-
able quantity of water is necessary to dissolve this sugar,
and carry it upwards, more water 1s always taken up by a
growing plant than is actually wanted for food; and in the
same manner an extra quantity of oxygen is required to
keep the carbon in a soluble state during its passage up-
wards.

178. All seeds become sweet during the process of germi-
nation, and it is in this manner that barley is changed into
malt. The seed of the barley is moistened, and exposed to
the influence of heated air in the kiln, till the embryo be-
gins to grow, when its further progress is checked by putting
it into the dry kiln, by which means the sweetness is retain-
ed, and malt is produced.

179. The plant being provided with nourishment, begins
rapidly to develope itself. First, from the part projecting
from the foramen, which now becomes the collar, a tap-
root descends, throwing out on each side a great number
of short fibrous roots, each terminating in a spongiole.
The plumule, or ascending shoot, next rises from the collar,

L

Fig. 75.—Germination of Dicotyledonous and Monocotyledonous Plants.

expanding its cotyledons (a in fig. 75) long before its other
leaves unfold. The plumule generally lies concealed be-

188. What of barley and malt?
189. Describe the development of plants.

9*
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tween the cotyledons, from which situation it emerges when
the cotyledons open, as shown in the common bean (fig. 76).
The sap now being exposed to
the air, by passing through the
numerous veins of the cotyledons,
becomes enriched by the evapora-
tion of its superfluous water and
oxygen, and is changed i.nto what
botanists call the descending, arte-
rial, or vital sap. In this state
the sap consists only of carbon and
water, or, to speak more correctly,
of carbon combined with oxygen
and hydrogen, in the proportions
in which those gases are found in
water; but from this four dis-
tinct substances are formed by
Fig. 76.—The Common Bean. the wonderful alchemy of nature,
which are deposited by the proper juice to meet the wants
of the growing plant. These four substances are starch,
sugar, gum, and lignine; all of which, though apparently
so different in their natures, are composed of carbon and
water; and, strange to say, almost in the same propor-
tions.

180. Cotyledons are never found on young plants, unless
these are raised from seed. In such as are raised from bulbs,
corms, and tubers, growth is merely the development of a
bud. The bulb gradually wastes away as its store of albu-
minous matter is exhausted, and a new one forms in the
axils of its leaves by its side. In a corm the same wasting
away takes place, but the new corm is found above the old
one, as in the crocus (see a in fig. 77). Tubers disappear
in the same manner, but a distinct new tuber is formed by
the side of the old one. Thus, if the root of the common
orchis be examined while the plant is in flower, it will ap-
pear to have two tubers (see fig. 78) ; though, if the same
plant be re-examined after the seeds have ripened, only one

190. Name the four proximate princi les.
191. What of cotyledons ¢ A :
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tuber will be found; the old one (a) having wasted away—
its place being supplied by the new one (b). The analogy

Fig. 77.—Germination of Fig. 78.—Tubers of the
Bulbs and Corms. Orchis.

between bulbs and buds is still further proved by the fact,
that many plants bear bulbs in the axils of their leaves.
Every bud is also a separate plant, which will grow like a
bulb when put into the ground; this the gardeners call
striking by eyes. Budding is on the same principle, only
the bud is inserted into the sap-wood of another plant, and
not into the ground.

181. In monocotyledonous plants, raised from seed, the
radicle, when it projects from the seed, is enfolded in a
covering called the coleorhiza, or root sheath (¢ in fig. 75).
When the sheath has attained a considerable length it splits
asunder, and from this opening arises the plumule (p),
while the radicle (r) descends into the soil.

182. Acotyledonous or cryptogamous plants have no coty-
ledons, as the spores by which they are propagated are not
seeds, but minute plants, which enlarge directly by the
addition of new tissue. But of these curious forms. of vege-
tation in another section. 4

I —
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FRUCTIFICATION OF FLOWERLESS PLANTS.

183. THE FRUCTIFICATION OF FLOWERLESS OR CRYPTO-
GAMOUS PLANTS is very remarkable, and quite different from
that of flowering plants. They have neither flowers nor
seeds, but are propagated by little embryo plants, called
spores, or sporules.

184. In the ferns, or filices, which are the largest of the
flowerless plants, little biown spots, called sori, may be ob-
served on the backs of the leaves (see fig. 79). Each of

F g.79.—Ferns, showing the Sori on the back of the Fronds.

these is composed of a number of minute membranous
capsules, termed thecz, which contain the reproductive
sporules. The thecz are either sessile or pedicellate, being
in the latter case surrounded by an elastic ring, which aids
in bursting asunder the membrane, and dispersing the spores.
Sometlmgs the sori originate under the epidermis of the
leaf, forming minute protuberances; the portion of cuticle
covering each sorus being called its indusium.

185. Ferns are plants generally consisting of a number
of leaves, attached by tough fibrous petioles to a subterra-
nean stem, the fronds being the only visible portion of the
plant. In some varieties, however, the stem rises above

192. What of flowerless plants ?
193. Define the italicised technicals.
194. Describe the ferns,




FRUCTIFICATION OF FLOWERLESS PLANTS. 105

ground to the height of forty or fifty feet, forming the well
known tree-ferns of New Zealand and Van Diemen’s Land
(see par. 85, fig. 19).

186. The equisetacee, or horsetails, have their thece on
the points of the bracteated spikes, which are placed in
rings round the stem (see fig. 80). In the thece are slen-

Fig. 80.—Equisetace=, Simple and Branched.

der elastic bodies, thickened at the end, called elaters,
which are attached to the sporules, and at first rolled round
them, but which open with a jerk, making the sporules ap-
pear to jumpasif alive. The equi-
setacee are herbaceou speren-
nial plants, having hollow striated
stems; these being either sim-
ple or Lranched, and jointed at in-
tervals.

187. The marsileacee, or pill-
worts, are aquatic herbs, which
have ball-like receptacles at the
base of their leaves (see fig. 81), containing the sporules
and other minute granules supposed by some to be spores

Fig. 81.—Pillwort.

195. What other plants are named, and their peculiarities ?
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in an undeveloped condition. The receptacles are always
attached to leaves situated near one of the roots. :

188. The lycopodiacee, or club mosses, which are inter-

4 mediate in appearance between the
true mosses and ferns, have bracteated
spikes, like small fir cones, at the end
of their branches (see fig. 82), at the

* base of the scales of which are their
thece, or conceptacles. Some of these
thecze contain minute powdery gra-
nules, and others the productive spo-
rules. Botanists are at variance regard-
ing the nature of the minute granules;
but the prevalent opinion is, that they
are true seminal sporules, while the
Fig. 82.—ClubMoss. distinct spores are of a viviparous or
bud-like nature.

189. The mosses are plants entirely composed of cellular
tissue—that is, have neither vessels nor woody fibre in their
structure. They are furnished with thece, each of which
is urn-shaped, and solitary, and supported by a slender stalk
called a seta, which springs from a
tuft of leaves called the perichetium.
Each theca is covered by a small
conical cap called the calyptra, or
veil (see fig. 83. @), which is pushed
off by the expansion of the theca
when the sporules are ripe. If the calyptra be entire when
it falls off, it is called mitral; but if it open first on one
side, it is called dimidiate. The mouth of a theca is called
its stoma, and is closed by a little lid, or operculum. The
stoma is generally surrounded by a fringe of hair, called the
peristoma; and when this is in two rows, the inner hairs
are the teeth, and the outer ones the cilia. The cavity of
the theca is called the sporangium, and in the centre is the
columella, or axis. Sometimes the lower part of the theca
is solid, when it is called the apophysis; and when this is

Fig. 83.—Moss.

196. Name the various mosses, and their peculiarities,
197. Define the technicals.
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swollen on one side, it is said to be sfrumose. Besides
their thece, mosses have other reproductive organs called
staminidea, which partake of the nature of buds.

190. The characee, or stoncworts, have globules in the
axils of their leaves, filled with a mucilaginous flsid, in
which are numerous convoluted filaments, and minute sphe-
rical particles, or nucules, resembling buds, from which the
young plants are raised. These plants grow under water,
and their slender transparent stems are sometimes found
incrusted with stony matter ; hence the term stoneworts.

191. The hepatice, or lLiverworts, are small creeping
planis, having their leaf-
lets imbricated over each
other, differing from the
mosses in the form of the
capsule. Their organs
of reproduction are glo-
bular bodies, containing
a minutely granular sub-
stance, escaping by an
aperture ; or they are cap-
sules, containing sporules
and spiral filaments, covered at first by a calyptra, at length
rising on a peduncle, and opening by valves (see fig. 84).

£ 0o
S 70RO N e

Fig. 84, —Liverworts,

Fig. 85—Lichens showing their Reproductive Organs.

192. The lichenes, or lickens, vary exceedingly in form and
texture, and comptise all those scaly ash-coloured substances

198. What of the stoneworts and liverworts 7
199. Describe the lichens, and their organs.
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which grow on rocks, old walls, trunks of trees, &c. They
may be said to consist of lobed fronds, or thalli, of a
leathery texture, on the sarface of which the r(_eprodu?t‘we
matter appears in powdery or gelatinous expansions. The
reproductive organs assume two common forms; soridia, or
heaps of pulverulent granules scattered over the upper sur-
face of the thallus; or apothecia, which are sma.ll cup-like
specks, surrounded by a rim, and containing asci, or tubes,
filled with sporules (see fig. 85). : :
193. The alge are all strictly aquatic plants, growing
, ! either in salt or fresh wa-
ter. By far the greater
number of alge inhabit
the ocean; hence the ge-
neral term sea-weed has
been applied to this class
of vegetation. They are
destitute of" leaves, pro-
perly so called, and consist
of fronds of various forms,
B A being either globular, fila-
Bl  mentary, capillary, tubu-
lar, or laminar ; and these
again being either branch-
ed, continuous, or articu-
lated. They are repyo-
duced by sporules, con-
: tained in sporidia, which
Fig.86.—Bladder-Wrack (Fucus vesicu- are usua]]y situated in the

losus); a, Vesicles containing the
Spores’; b: Section of the same.g substance of the plant,

(see fig. 86).

194. The fungi, or mushroom tribe, which constitute the
lowest forms of vegetable development, are extremely diver
sified in their size, shape, colour, and consistence. They
are entirely composed of cellular tissue, and some are even
apparently animated; so that they are regarded as connect-
ing links between the vegetable and animal kingdoms. The

200. Name the varieties of sea-weed.
201. What of mushrooms ?
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Agaricus campestris, or common field-mushroom, is one of
the best known, and forms the type of the family ; but the
mould on cheese, stale bread, the mildew on trees, the rust
on corn,and many other minute and yet unobserved appear-
ances of a similar nature, are all fungi. They have no
fronds or leaves; and are hence termed aphyllous. Their
organs of reproduction consist of sporules, lying loose on
the tissue of the plant, or collected in certain places, which
are distended by their aggregation. Figure 87 exhibits
some of the most familiar forms of the fungi.

Fig. 87.—Agaricus Volvaceus (1), and Campestris (2).

195. The manner in which the reproductive organs of
flowerless plants perform their functions is as yet but little
understood by botanists. « We are entirely ignorant,” says
Professor Lindley, ¢ of the manner in which the stems of
those that are arborescent are developed, and of the course
taken by their ascending and descending sap—if; indeed,
in them there really exist currents similar to those of flow-
ering plants; which may be doubted. We know not in
what way the fertilizing principle is communicated to the
sporules or reproductive grains; the use of the different
kinds of reproductive matter found in most tribes is entirely
concealed from us. Tt is even suspected that some of the
simplest forms (of alge and fungi, at least) are the creatures

202. Whatlink of the scale of weing are these regarded ?
203. What is known of the reproductive or vital organs of flowerless

plants ?
10
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of spontaneous growth; and, in fine, we seem to have dis-
covered little that is positive about the vital functions of those
plants, except that they are reproduced by their sporules,
which differ from seeds, in germinating from any part of
their surface, instead of from two invariable points.”

PHENOMENA OF VEGETATION.

196. In addition to the ordinary functions of the organs,
which are the same in all plants of the same genus, there
are certain anomalous functions which cannot be reduced
to regular laws, and which differ in different species even
of the same genus. 'The most remarkable of these are the
occasional irritability of plants, their colours, fragrance,
and tastes.

IRRITABILITY, AS DEPENDENT ON ATMOSPHERIC INFLUENCE,
ON CONTACT, AND ON INTERNAL EXCITATION.

197. Tue rriraeiLITY of animals depends entirely on
their nervous system ; but as plants have no nervous system,
their irritability is more difficult to be accounted for. Dr.
Darwin, indeed, asserts that plants are only an inferior kind
of animal, and that they, or at least some of them, have a
brain and a stomach, and are endowed with the lower
senses. According to this fanciful doctrine, the medulla
or pith was made the seat of sensation, and was considered
analogous to the spinal marrow of animals. The doctor,
however, had no followers, as his hypothesis presented too
many difficulties to be even partially believed.

198. The principal phenomena of vegetable irritability
may be divided into three kinds; namely, those caused by
atmospheric influence, those depending upon the touch of
other bodies, and those which appear to be perfectly spon-
taneous.

199. Atmospheric influence occasions the closing of the
leaves over the extreme point of the young shoot at m'g)zt, as

204. What phenomena of plants are named 7
205. How is irritability accounted for 7
206. Examples of atmospheric influence.
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may be observed in the chickweed and several other com-
mon plants. The folding of some flowers in the absence
of the sun, and the opening of others as soon as that lumi-
nary has withdrawn its beams, are ascribable to a similar
cause. The white marigold closes its flowers on the ap-
proach of rain, and the dwarf calendrina folds up its bright
crimson corolla about four o’clock every afternoon. The
evening primrose, on the contrary, will not open its large
yellow flowers till the sun has sunk below the horizon ; and
the night-blowing cereus only expands its magnificent blos-
soms about midnight. Some flowers are so regular in their
hours of opening and shutting, that Linnzus formed what
he called Flora’s Time-picce,in which each hour was repre-
sented by the flower which opened or closed at that parti-
cular time. Thus—tragopogon pratense opens from three
to five ; papaver nudicaule at five ; hypochzris maculata, six;
nymphza alba, seven ; anagallis arvensis, eight ; calendula
arvensis, nine; arenaria, niné to ten; and mesembryanthe-
mum at eleven.

200. Solar light is the principal agent in producing these
phenomena; but, in some cases, flowers have been known to
open by artificial light. De Candolle found blossoms ex-
pand beneath a lamp nearly as well as beneath the sun itself;
and the crocus-flower, which closes at night, has been
known to expand as wide as possible when gently exposed
to the light and heat of a fire. Besides the cases in which
flowers open and shut their corollas by the influence of
light, instances are known in which merely the petals roll
up by day, and resume their natural shape after sunset, as
in some of the silenes.

201. The slecp of plants, a term first proposed by Lin-
nzus, is a very remarkable phenomenon. In compound
leaves, the leaflets fold together, and the common stalk
droops ; while in other cases—as, for example, in the chick-
weed—the leaflets fold over the bud of the young flower,
as if to protect it from injury from either the cold of night

207. What of Flora’s Time-piece ?
208. The effect of solar light.
209. What is the sleep of plants?
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or the heavy dews of early morning, though no movement
is observable in these plants at any other period. One of
the most remarkable circumstances respecting the effect of
atmospheric influences is, that the same causes do not affect
all plants, and yet no peculiarity of construction has been
discovered in those that are so affected to distinguish them
from those that are not. "

202. The irritability produced by external touch is a
familiar but little understood phenomenon. The move-
ments of the sensitive plant are well known ; and it is also
known that if the ripe seed-vessels of the noli-me-tangere
be touched in the slightest manner, they will open with
elasticity, and scatter their contents. In the same manner
the fruit of the squirting cucumber throws out its seeds and
the moist pulp in which they are contained, with great vio-
lence, and to a considerable distance. The stamens of the
barberry, when touched with a pin, spring forward, and ap-
pear to make a bow to the stigma, after which they return
to their proper position ; while the column of the stylidium,
which includes the style and stamens, and which generally
hangs on one side, when touched, springs with a jerk to
the other side of the flower. 'The anthersof the kalmia
appear to be fastened back by notches in the petals, and
when liberated by insects or other means, they become erect,
and do not return to their former position.

203. The most remarkable instance of irritability by con-
tact is that exhibited by Venus's fly-trap, Dion@a musci-
pula, a native of Canada, and nearly allied to the common
sun-dew of the British commons. Its flowers have nothing
remarkable about them, except that their petals roll up
when they are about to decay; but the leaves are very curi-
ously constructed. They have broad leaflike petioles, at
whose extremity are two fleshy lobes, which form the real
leaf, and which are armed with strong sharp spines, three
on the blade of each lobe, and a fringe of longer spines
round the margin (see fig. 83, 1). When an insect touches
the base of the central spines, the leaf collapses, and the poor

210. Name instances of the effect of touch.
211. What remarkable instance is named ? and another ?
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insect is caught, being either impaled by the central spines,
or entrapped by the others. The leaf then remains closed,
the fringe of long spines being firmly interlaced and locked
together, till the body of the in-
sect has wasted away. This ap-
paratus being the nearest ap-
proach to a stomach which has
been yet observed in plants, an
experiment was tried some years
ago of feeding a dionza with
very small particles of raw meat,
when it was found that the leaves
closed in the same way as they
would have done over an insect,
and did not open again till the
meat was consumed. Saracenia, Fig. 88.—1, Leaf of Venus’s
or side-saddle flower, the leaves Fly-Trap; 2. Leaf of Sara-
of which have a pitcher-shaped "

petiole (fig. 88, 2), also decomposes flies and other insects
caught in the pitcher—a peculiarity which seems to belong
to all plants having pitcher-shaped leaves.

204. T'he spontaneous movements of plants are much more
difficult to be accounted for than those occasioned by at-
mospheric phenomena, or by external touch. We can fancy
light and heat contracting or dilating the vessels, and thus
occasioning flowers to open or shut, and leaves to fold or
unfold ; but plants have some movements for which there
is apparently no external cause. Among these spontane-
ous movements, however, those are not reckoned which
belong to growth. It is true that the leaves elongate, the
flowers expand, the anthers burst,and the seed-vessels open
spontaneously ; but these are movements caused by the pro-
gressive development of the plant, and subjected to regular
laws. The spontaneous movements which arise from irri-
tability are quite different—as, for example, those of the
leaves of Hedysarum gyrans. This plant has compound
leaves, the terminal leaflet of which never moves except to
fold itself close down to its own stalk; but the side leaflets

212. Are any moved spontaneously ?
*
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have such eccentric movements, as to regder it_ difficult, if
not impossible, to explain them, and which might appear,
indeed, to a fanciful mind as though the whole plant were
actuated by a feeling of caprice. Generally, all the leaflets
twist and whirl themselves about in an extraordinary man-
ner, though the air of the house in which they grow 1s per-
fectly still ; but frequently the leaflets on only one side will
be affected, and sometimes only a single leaflet will move,
or all will become motionless together; and when this is
the case, it is quite in vain to attempt to set them again in
motion by touching them ; though sometimes in a moment,
as if from the pure love of mischief, after the touching has
ceased, the leaflets will begin to move again as rapidly as
before. In the like manner the side leaflets frequently con-
tinue their eccentric movements all night, while the termi-
nal leaflet remains quietly folded up, and apparently fast
asleep.. Cold water poured upon this plant stops the mo-
tion of the leaves, but it is renewed as soon as the heat of
the stove in which the plant grows has converted the water
into vapour.

205. Movements analogous to those of the Hedysdrum and
other foreign plants have been detected by M. Dutrochet in
several common vegetables, such as the garden pea and
cucumber. As soon as the fourth leaf above the cotyledons
of the pea was developed complete with the simple point
which terminated its petiole, he remarked in this point,and
in the leaf itself, peculiar revolving slow movements. He
attributes them to an interior and yital excitation, and not
at all to the action of light, which is opposed to, and, if
vivid, arrests them.

206. Plants may be deprived of their irritability by keep-
ing them without water, when they become flaccid; or by
watering them with a poisonous liquid, in which case they
lose not only their irritability but their lives. Life, indeed,
appears to be intimately connected with irritability, as the
latter quality exists only in plants in a vigorous and healthy
condition.

213. Do not these seem to depend on temperature ?
214. Modes of destroying irritability.
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207. The vitality of plants may be destroyed by giving
them deleterious or poisonous substances. These facts have
been established principally by the experiments of Marcet
and Macaire. Common kidney beans which had been
watered with a decoction of arsenic faded in the course of
a few hours; they then began to turn yellow, and on the
third day were dead. A lilac was also killed by having
arsenic introduced into a slit in one of its branches. = Mer-
cury, under the form of corrosive sublimate, produced the
same effects as arsenic; but when used as quicksilver, no
results were observed. Vegetable poisons have been proved
to be equally injurious to other plants as mineral ones; a
solution of nux vomica killed some kidney beans in the
course of a few hours. Prussic acid had the same effect in
the course of a day, and deadly nightshade in about four
days ; while spirits of wine killed the plant to which it was
administered in a few hours. The conclusions drawn from
these experiments were—first, that mineral poisons act
upon vegetables in uearly the same way as they do upon
animals—that is, they destroy the vessels by their corrosive
influence ; and secondly, that those vegetable poisons which
kill animals by acting upon their nervous system, also de-
stroy plants, though they have no apparent nervous system
to be acted upon.

Q08. The functions of vitality in plants may be suspended
without destroying life, by administering to them the same
substances which produce stupor in animals. For instance,
a barberry bush watered with a strong decoction of opium
lost the power of moving its stamens when touched; and
a dionza entirely lost its fly-catching powers. Many other
curious “xperiments on the vital functions and phenomena
of plants .night be mentioned, but they are chiefly of the
same nature as the above, with nearly the same results.

COLOUR—CAUSES AND LIMITS OF.

209. THE coLour oF pLANTS generally depends on the
presence of a substance called chromule, which is deposited

215. What of poisoning of plants ?
216. Upon what does colour depend ?
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in :ninute granules in the vesicles of the cgllu]ar tissue.
This substance consists of pure carbon, which has been
Jized, as physiologists term it, by the decomposition of the
carbonic acid gas absorbed by the plant ; the oxygen escaping
again into the atmosphere, while the carbon is permanently
assimilated. Both the absorption and decompqsxtmn of
carbonic acid take place most effectively under the influence
of solar light; hence, plants grown in darkpess become etio-
lated, or blanched. The exclusion of light has also the
effect of rendering them mild and succulent, as the water
taken up by the roots is prevented from evaporating, and
their peculiar products cannot be secreted without a due
proportion of carbon. Aecrid and even poisonous vegeta-
bles may be rendered wholesome, or at least harmless, by
earthing them up so as to exclude the light.

R10. The chromule in all plants being the same, it is dif:
ficult to explain why leaves should be green, and flowers of
so many varied hues; indeed, the cause is as yet but very
imperfectly understood. It is found, however, that when
the leaves first expand, and are of the brightest green, the
grains of chromule are always surrounded by a thin film
of gluten, the principal ingredient in which is nitrogen. In
autumn, the gluten and carbon generally have both disap-
peared, particularly in plants which contain a notable
amount of acid, the basis of which is oxygen. In propor-
tion as the oxygen predominates, the leaves become red;
hence the beautiful tints of red and crimson taken by some
leaves in autumn. When the carbon disappears without
the nitrogen, as is frequently the case, the leaves become
yellow in autumn. It has been observed that the leaves of
plants always.tum yellow, red, crimson, or violet, and never
blue; and this corresponds with the above theory, as the
carbon, which is dark, is carried out of the leaves by the
descending sap, and its place partially supplied by oxygen.
Thus, req, which is the colour produced by oxygen, predo-
minates in decaying leaves; and violet, which implies a
mixture of carbon, is only found in the dying leaves of the

217. What of the privation oflj
ght ?
218. Upon what does the varieties of colour depend ¢
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American white oak. The lime, and other trees which
abound in mucilage, or gluten, further corroborate this
theory, in having their decaying leaves yellow.

211. In all cases the colouring matter is not in the sap,
which is either colourless, or tinged faintly with yellow, but
in the cellular tissue ; and thus, while the stem consists
chiefly of cellular tissue, it is as green as the leaves.

212. The colours of flowers are more difficult to be
accounted for than those of leaves, as they are evidently
influenced by the soil in which the plants are grown, more
than by solar light. Mineral substances, particularly iron
and manganese, are found abundantly in white flowers
when burned ; and it is known that many a common British
weed, particularly the herb Robert, varies from a dark rose
colour to almost white, according to the soil in which it
grows. Flowers grown in the shade are, however, seldom
different in colour from those fully exposed to the air and
light. The petals of the common butter-cup, and the lesser
celandrine, are of as brilliant a yellow in town gardens en-
veloped in the smoke of London, as on any country hill;
and roses always maintain their brilliant tints, even when
the bushes on which they are produced are evidently dying
for want of a clear atmosphere.

213. Flowers may be made to change their colours by the
influence of the soil in a most remarkable manner. The
flowers of the common hydrangea, which are naturally pink,
may be made blue by planting the shrab in soil impregnated
with iron. The change produced in tulips is still more ex-
traordinary ; the flower of a seedling tulip is generally of a
dull brownish crimson, and after remaining of this colour
two or three seasons, it will suddenly break, as the florists
term it, into the most brilliant and varied tints of rose
white, yellow, brown, or purple, without leaving any trace
of the original colour. In order to produce this change,
florists try a variety of means, all of which have relation to
the soil; for example, they sometimes keep their tulips in
poor soil, and then suddenly transplant them into one ex-

219. The effect of soil upon flowers.
220. Ezperiments upon flowers, and their colour.
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ceedingly rich, or they reverse the process; at other times
they change them suddenly from a sandy to a clayey soil.
Carnations also become striped and variegated by planting
in rich soils, though they have all originated from the dark
crimson clove. The colours of heart’s-eases are improved
in the same manner; and it is a very striking fact, that all
these variegations will degenerate, or run, as it is called,
if the plant be neglected, and suffered to remain in soil the
richness of which has been exhausted.

214. As a further proof that light is not the sole cause
of colour in plants, it is well known that ferns and mosses
have been found green in mines where they have grown in
total darkness; and green and red sea-weeds of the most
brilliant tints are frequently washed up from the bottom of
the sea, where the light, being weakened by passing through
such an immense body of water, can have but little effect in
producing colour.

215. The theory, or rather hypothesis, of the Xanthic
and Cyanic series of colours was first broached about the
year 1825, by Messrs. Schitbler and Funk. These bota-
nists supposed that there are two series of colours which
never mix with each other. The first of these, which they
called the Xanthic series, contain only such colours as are
composed of some shade or combination of red or yellow;
and the Cyanic series, in the same manner, only of such as
contain some shade or combination of red or blue. Greenis
equally divided between the two series, bluish-green being
included in the one series, and yellowish-green in the other.
According to this theory, it was supposed that, in all the
variations of plants, the one series never ran into the other;
in other words, that no genus contained species some of
which have perfectly blue flowers, and others perfectly yel-
low. Thus, De Candolle, and other botanists, have asserted
that it is impossible there can ever be a blue dahlia or a
blue rose.

216. Experience, however, has shown this hypothesis to be

221. Proofs that light is not the sole agent.
222. Curious theory lately broached.
923. Ohjéctions to it
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incorrect ; as the blue tropeoleum and the blue lichtenaultia
both belong to genera the flowers of which are usually red
or yellow. Many other examples might be named, such as
the campanulas, the lobelias, and the anemones, some spe-
cies of which are of a pure brilliant blue, while others are
of as brilliant a yellow ; and these two colours are occa-
sionally found perfectly pure and brilliant in the same
flower—as, for example, in the beautiful Californian an-

nual, clintonia pulchella. White, which is always called a

colour when speaking of plants, was supposed by the same
botanists to be caused by the emptiness of the cells of the
tissue ; but this cannot be the case: as, were the cells
empty, it would not make the petals white, but what bota-
nists call kerbaceous or colourless—that is, of apale yellow-
ish-green. Besides, white flowers generally change more
or less when they are dried ; some become blue, others yel-
low, and others of a reddish tinge. Blue flowers generally
turn red when they are decaying, but red and yellow ones
seldom change when dried, except merely to assume a more
dingy hue.

217. Some flowers progressively change their colours

when they are in a living state—as, for example, the flowers
of the cobeea are first yellowish-white, then greenish, and
lastly purple; the flowers of the anothera tetraptera are first
white, then pink, and lastly crimson ; and those of the beau-
tiful jpomeea rubroceerulea, which are first blue and then
oink.
: 218. The colouring matter exiracted from vegetables is
of great economical value, being extensively used in the
art of dyeing. Some of these dyes, to be afterwards no-
ticed (par. 250), are the same with the natural colour of
the parts from which they are derived; such as saffron,
which is the yellow stigma, of a species of crocus; but
others are totally dissimilar, being blue or black, when the
native vegetable texture is green.

224. Changes of colour in flowers.
225. Usefulness of colouring matter of flowers.

P —
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FRAGRANCE—PERMANENT, FUGITIVE, AND INTERMITTENT.

219. The causes of fragrance in Slowers Imvg never yet
been fully explained. We know that all organized T)odl_es
consist partly of volatile matters, and thus we can readily
account for the odours given out by decaying animal and
vegetable substances, as they evidently proceed from the
volaule parts being liberated by decomposition. The fra-
grance of flowers, however, escapes while the plants are in
a living state, and that most abundantly when they are in
vigorous and healthy condition. Besides the flowers, other
parts of living plants frequently exhale fragrant odours, such
as the leaves of the myrtle and geranium, and the wood
and bark of pines. All these odours proceed from oily or
resinous matters contained in the receptacles of secretion ;
but the laws that regulate their liberation are yet only im-
perfectly known. As a proof of the uncertainty which pre-
vails on the subject, it may be mentioned, that when the
Academy of Sciences at Brussels proposed it as a prize
question in 1838, no essay was sent in; and that when the
question was repeated in 1839, only one answer was received.
This essay was written by Signor Trinchinetti, formerly
professor at the university of Pavia; and though it obtained
the silver medal, it has not thrown much light upon the
subject.

220. The physiological uses of odours are by no means
certain. Some botanists consider them to be part of the
excrementitious matter which is thrown off by plants, when
it is no longer necessary to their growth; but if this were
the case, the exhalation would continue the same during
the whole period of growth, and not vary, as it does, at
difrerent seasons, and according to the state of the weather.
It is well known that plants are most fragrant in damp wea-
ther, and some botanists have attempted to account for this
by supposing, that the tissue being relaxed at such seasons,
the Stomata, or pores, open wider than at other times, and
thus permit the escape of a greater quantity of the fluid.

226. Varieties in fragrance of flowers.
227. How is fragrance explained ?
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Trinchinetti, however, thinks that the use of the odours of
flowers is to ward off vapour, which might prevent the dif-
fusion of the pollen; and it is thus that he accounts for the
increase of the odour by damp. This explanation appears
plausible, but neither it nor any of the others which have
been suggested, will explain why the petals of roses, and
other flowers, retain their fragrance when dried. The use
of fragrance in leaves, bark, and wood. is apparently to pre-
serve them from the attacks of insects ; as we find that the
smell of the red and Bermuda cedars, of which pencils are
made, and of camphor (also"a vegetable product), are suf-
ficient t6 keep the moth from attacking substances with
which these are in contact.

221. The odours of plants are of three kinds—perma-
nent, fugitive, and intermittent :—

222. Permanent odours are those given out slowly by the
plant, not only whilst it is living, but also after the fragrant
part has been separated from the root, though it be not in a
state of decay. Of this kind are the odours of fragrant
wood, of the dried petals of roses, and some other flowers.
In these cases the receptacles of secretion are generally
buried so deeply in the tissue, that the essential oil with
which they are filled can only escape slowly, and in very
small quantities. In some cases, indeed, the receptacles of
secretion are so deeply seated, that the wood to which they
belong appears devoid of scent, till its essential oil is vola-
tilized by exposure to heat. Thus, the wood of the beech
appears inodorous till warmed by the friction of the turner’s
lathe, when it acquires a smell like that of roses. In a few
instances, where the wood is light and of open texture, the
odours are not permauent—as, for example, in the pine and
fir tribe. Every one who has entered a grove of these trees
in the evening, when the dew was falling, must have been
struck with -the fine balsamic fragrance given out; and
yet none of this fragrance is perceptible in the wood of the
same trees when it has been cut up into deal, and used in
the floors and wainscoting of a dwelling-house.

228. Theories concerning its utility.
229. What of permanent ddours ?
il
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223. Fugitive odours arise from essential oils containqd
in receptacles just below the epidermis; and when there is
only a minute quantity of oil in each cavity, the duration
of the fragrance is correspondingly short. Odours of th§s
kind are generally found in flowers, and their intensity is
much increased by a damp state of the atmosphere, as,
according to Signor Trinchinetti, the odopr of the flower is
then most needed to protect its reproductive parts.

224. Intermittent odours are the most difficult to be ac-
counted for by the vegetable physiologist. It is only known
that the night-smelling stock, the Indian jasmine, and seve-
ral other plants, which are entirely devoid of scent during
the day, are delightfully fragrant during the night. One
of the orchideous plants produces its powerful aroma-
tic scent only when exposed to the direct rays of the sun;
and the night-blowing cereus is fragrant only at intervals of
about half an hour during the time of its expansion, pre-
serving the same kind of intermittence even when separated
from the stem. Some botanists have supposed that inter-
mittent fragrance is occasioned by the respiration of plants,
but this cannot be the case in a flower whose vitality is ex-
tinct.

TASTES—INFLUENCES WHICH MODIFY.

225. The tastes produced by vegetable substances are ge-
nerally recognised as sweet, acid, bitter, astringent, austere,
or acrid. The juice of the sugar-cane, for example, is
sweet, that of an unripe apple acid, the aloe bitter, the leaf
of the bramble astringent, and the cranberry austere. It
has been already stated, that the ascending sap is at first
insipid, and that it gradually acquires the peculiar taste of
the plant; but it is only in the descending juice that the
taste-yielding principle is fully developed. Why the taste
of one vegetable should differ from that of another, physio-
logy is unable to determine; it cannot tell why rhubarb,
beet-root, and tobacco, grown in the same soil, and sub-

230. What of fugitive odours ?
231. Mystery of intermittent odours, examples.
232. Varieties of taste, their cause.
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jected to the same influences, should be so different in
their respective qualities. ‘We are only as yet able to cha-
racterize the various tastes of plants, and understand some
of the chief causes by which they may be modified or de-
stroyed.

226. The principal influences which modify the tastes of
plants are atmospheric and solar; light, exposure and
warmth, being those under which taste, as well as all other
qualities of vegetables, are most fully developed. Every
one is acquainted with the blanching effects of earthing, as
exhibited in celery, or in the shoots of the common rhubarb.
The fruits grown in our own island during a wet and sun-
less season are insipid, compared with what they are in a
dry and bright summer ; and the general vegetation of the
arctic and temperate regions is less powerful in kind than
that of the tropics. Even the successive periods of a day
exercise an influence on the tastes of growing plants (par.
10), according as they are stimulated by solar light to absorb
or exhale oxygen—the principle on which the peculiarities
of taste greatly depend. Soil, though it does not produce
taste, is yet capable of modifying it to a certain degree, as
takes place every season with our cultivated vegetables ; the
potato, carrot, or turnip, grown on soft spongy land, being
less sapid than those raised on light and dry situations. As
a general law, it may be stated, that the drier and warmer
the situation, the more exposed to light, and the slower the
growth of any vegetable, the more intense its peculiar flavour.

227. Vegetable membrane is insipid; so also are resins
and other insoluble products. Mucilage communicates no
flavour ; and it is only in the secretions and the extractive
products that taste seems to reside. The peculiar tastes
of vegetables may be described as a variable quality, for
many are sweet, acid, or even acrid, at successive stages of
their growth; a familiar example being afforded in the
ripening of our own domesticated fruits. The acrid prin-
ciple is generally found to reside in volatile oils; and bit-
terness always denotes the presence of extractive matter.

233. How modified ?
234. Changss of taste in the sams fruit. .
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The sweetness produced during the germination of seeds,
and the subsequent tastes acquired by a plant as it advances
to maturity, are the result of vitality. 'The tastes and
flavours produced in all vegetable matter during fermenta-
tion is strictly a chemical process (see par. 237), and does
not come within the province of the botanist.

223. The physiological uses of the different tastes are as
imperfectly understood as the causes which produce them.
Some of them may be given for the preservation of the
vegetable against the attacks of animals at certain seasons
of its growth, whilst others seem as directly bestowed to
render plants agreeable to the animals destined to consume
them. We know that animals cannot subsist upon the
inorganic matter of the globe; and that vegetables, from
their power of decomposing and assimilating that matter,
become the link of connexion between the animal and
mineral kingdoms ; hence it is not unreasonable to suppose
that the different tastes of plants are conferred for the pur-
pose of administering to the varied wants of animals—the
flavour of each being best adapted to those wants, when
the seed of the plant is perfectly matared.

MISCELLANEOUS PHENOMENA—LUMINOSITY, HEAT, ELEC-
TRICITY.

229. The luminosity of plants—that is, the evolution of
light either from living or dead vegetable structure—is a
rare and curious phenomenon. Flowers of an orange
colour, as the marigold and nasturtium, occasionally pre-
sent a luminous appearance on still warm evenings; this
light being either in the form of slight electric-like sparks,
or steadier like the phosphorescence of the glow-worm.
Certain fungi, which grow in warm and moist situations,
produce a similar phosphorescence; and decaying vege-
tables, like dead animal matter, have been observed to
emit the same kind of luminosity. This phenomenon
seems connected with the absorption of oxygen, and the

235. Theories concerning its utility.
236. What of luminous plants ?
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parts emitting it are the most luminous when immersed in
pure oxygen, and cease to emit it when exluded from that
element. Luminosity is sometimes occasioned by actual
combustion of the volatile oils, which are continually flying

off from certain plants: those of the dictamnus albus will -

inflame upon the application of fire.

230. The evolution of heat by living plants is a more
common phenomenon. We are aware that warm-blooded
animals have the power of keeping up a certain temperature
within them, which varies at certain stages of their growth,
and perhaps periodically. This result is obtained by respi-
ration—the oxygen of the atmosphere uniting with the
carbon of their blood, and producing a series of combus-
tion. The carbonic acid and moisture which animals ex-
pire, prove that such a union has taken place. The more
fresh air we breathe, the greater the heat of our bodies, so
long as we take proper food to afford the carbon. A simi-
lar, though less understood phenomenon, seems to take
place in the respiration of plants. Heat is always disen-
gaged when gaseous products are liberated ; and as vegeta-
bles respire (however slowly), a certain amount of heat must
be produced during that process. In germination, heat is
sensibly evolved : a piece of ice placed on a growing leaf-
bud will dissolve, when it would remain unchanged in the
open air; and experiment has proved that the surface of
plants is three or four degrees higher than the surrounding
medium. Again, the internal temperature of a large trunk
is always higher than the surrounding atmosphere; and
though young shoots are sometimes {rozen through, the
general structure both of the wood and bark is such as to
conduct heat so slowly, that the internal warmth is never
reduced beyond what seems necessary to vitality. Generally
speaking, it may be asserted that plants possess an internal
vital temperature, and that, in the process of respiration (the
giving off of carbonic acid or oxygen, as the case may be),
a certain degree of heat is always evolved. During germi-

237. Theories to account for it.

938. What is the source of heat in plants ?

239. Analogy with respiration in animals.
J ]
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nation and flowering, this heat is most perceptible; and
though it be rapidly dissipated by the extent of surface ex-
posed to the air, 110 degrees have bee_an noted during malt-
ing, and 87 in the flower of a geranium when the atmos-
phere was only at 81.

231. The connexion of electricity with vegetable growth
has recently excited the attention of physiologists; but
little positive information has yet been ascertained. It has
been long known that growth takes place with great rapid-
ity during thundery weather ; but this'may result from the
nitrogenised products of the showers which then fall, as
well as from the effects of electricity. The progressive states
of vegetable growth are the resuit of chemical changes ;
and as these changes are more or less accompanied by elec-
tricity, it is supposed that plants evolve electricity as well as
heat. The conversion of water into steam is followed by a
sensible evolution of electricity ; and the evaporation which
takes place from the surface of rapidly-growing leaves, pro-
duces the same phenomenon. The general electric state
of plants is said to be negative; and some have attempted
to connect the luxuriant vegetation of the tropics with the
thunder-storms of these regions, on the supposition that
when the atmosphere is positively electrified, the two oppo-
site states will give rise to such commotions. [This theory
acquires plausibility from experiments recently multiplied
in Europe, and which have been repeated in America, by
employing electricity in promoting the growth of seeds,
plants, and flowers, the success of this new agent having
developed results almost magical.]

SECRETIONS OF PLANTS.

232. SUBSTANCES POSSESSED OF VARIOUS PROPERTIES
ARE SECRETED BY PLANTS, according to their respective
natures, and their healthy or diseased condition at the time
of secretion. Some of these substances are produced by
the ascending sap ; but the greater number are deposited

240. What of the influence of electricity 7
241. How are vegetable secretions modified ?
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by the elaborated, or proper juice, and consequently are
never secreted during spring or early summer. The inten-
sity of those derived from the latter source depends in a
great measure upon the influence of solar light ; hence they
are much stronger and more abundantly produced in tropi-
cal than in temperate climates. ;

233. The physiological uses of these secretions are at
present but imperfectly understood. Most of them being
derived from the true, or arterial sap, they would seem to
serve some purpose in the reproduction or nourishment of
the plant; but others, from the manner in which they are
deposited or ejected, appear to be of no utility in the vege-
table economy. Some of them are ezcretions as well as
secretions ; but whether they are to be considered as essential
components of the sap, or evdcuations necessary to the
healthy condition of the secreting organs, has not yet been
determined. Being excecdingly varied in their properties,
they are of great utility to man, either as articles of food,
clothing, medicine, ornament, or luxury.

234. The economical applications of vegetable secretions
and excretions are so numerous, that in a work of this na-
ture, it is possible merely to allude to the more important.
Itis even difficult to attempt any classification of them ; for,
though differing in their properties and external appearance,
many of them are identical in chemical composition, and,
subjected to peculiar treatment, readily pass into new and
similar combinations. Some, for instance, are farinaceous,
while others are saccharine ; and yet both, when subjected
to fermentation, produce similar liquors. Many are oleagi-
nous, balsamic, or resinous; some are narcotic, aromatic, or
mucilaginous; while others are astringent, purgative, or
poisonous.

FARINACEOUS AND SACCHARINE PRODUCTS.

235. Of the farinaceous products, flour is, perhaps, the
most important to man. That generally used in making

242. Their physiological uses,
243, Their variety and economical applications.
244. Name the farinaceous products.
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pread is the albumen of the seed of wheat, the epidgrm_is
being ground with it, and forming the bran. Meal 1s, in
like manner, the albumen of oats, barley, rye, peas, bc‘:ms,
maize, and other grains. Starch 1s generally made from
the flour of wheat, but sometimes from the farinaceous
part of the potato tuber, which is otherwise extensively
used as an article,of food. The arrow-root, sago-palm, and
several other plants, yield floury matter either from their
seeds, piths, or fleshy tubers. In most of these cases the
farinaceous product is stored up as nutriment to the future
embryo, besides directly subserving to the support of the
animal kingdom. The principal elements in the farinaceous
products are starch, gluten, and albumen, with a slight pro-
portion of oily and saline matters.

336. Sugar is another important vegetable product, alike
essential to germination (see par. 177), and valuable to
man. The ascending sap of all plants is sweet; but it is
only in the sugar cane, the sugar maple, and the white beet-
root, that sngar is elaborated in sufficient quanuties to be
of economical value. The sugar of commerce is chiefly
derived from the sugar-cane and beet-root, by expression
and evaporation. It is subsequently purified, when it crys-
tallizes 1n a regular manner, the residue forming the dark
viscous substance called molasses. Grape sugar, which is
extracted from the grape, gooseberry, fig, &c. has a different
taste, and contains more water.

237. The fermented liquors derived from vegetable pro-
ducts are numerous, and of various utility. Before detailing
these, however, it may be useful to know that all vegetable
matter is liable to certain states of fermentation, according to
the degree of heat, air, and moisture to which it is subjected.
These states have been successively described as the sac-
charine, vinous, acetous, septic, and bituminous. For ex-
ample, the saccharine is that which manifests itself in the
operation of malting (par. 178) and ripening of fruits; if
water and heat be applied, it passes into the vinous, or that

245. What are their proximate elements ?
246. Sources of sugar.
247. What are the varieties of fermentation 7
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by which wine and spirituous liquors are formed. Again,
if, while the vinous is going on, air be partially admitted,
the acetous, or vinegar-forming fermentation will be pro-
duced; and by farther exposure of the vegetable matter to the
air, it will pass into a mass of earth and carbon ; this fits it
for the septic, or putrefying process; but if air be excluded,
if heat, moisture, pressure, &c. be present, the bituminous
will be the result. By a knowledge of these processes, it
is easy to understand how malt, wine, vinegar, vegetable
mould, and coal, are formed.

238. Wine, alcohol, &c. are readily obtained wherever
there is abundance of sweet juice in any vegetable product,
as it is this sort of juice which is alone capable of fermen-
tation. Wine is generally made from the juice of the grape,
but it may also be obtained from the ascending sap of the
maple and other vegetable productions. The best brandy
is distilled from wine, but an inferior sort may be made
from peaches, plums, and various other kinds of fruit, as
also from the tubers of the potato when in a state of fer-
mentation. Alcohol, ale, and other malt liquors, are de-
rived from fermented grains, such as barley, oats, wheat,
&ec., but may also be obtained from potatoes. Arrack is
distilled from the ascending sap of the palm tree. Rum is
made from molasses; and Hollands is a corn spirit, fla-
voured with the berries of the juniper. Kirschwassa and
maraschino are both distilled from cherries, cider from
apples, perry from pears, and all the other kinds of ligueurs
are obtained from vegetable products.

OLEAGINOUS PRODUCTS.

239. The oleaginous products are of two kinds; the
essenttal oils which have been already mentioned (par. 223),
the use of which in vegetation has not been positively as-
certained, and the fized oils, which supply the place of
albumen in the seed. The essential, or volatile oils, are

243. Describe these and their products.
249. Varieties of alcholic liquors, and whence obtained
250. The different oils, and where found in plants ?

-
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chiefly found in the bark, leaves, flowers, and pericarps,
and seem connected with the prgser\(au.on :_and protection
of the living plant. They are easily dl§tlrlgUIShed frqrp tl_le
fixed oils by their powerful qdour, their sllgh't solubility in
water, and the property of being vo]aullz:ed without decom-
position. They are the cause of odour in most vegetable
products, and are consequently used in the arts principally
as perfumes. The fixed oils occur in fruits and seeds, in
which they serve both as a protection and nourishment to
the future plant. They are combustible substances, inso-
luble in water, and form soaps with alkalies. By exposure
to the air, some of them become opaque, and thicken, as
almond oil ; while others dry without losing their transpa-
rency, forming a varnish, as linseed oil. The economical
applications of the fixed oils are very numerous, being used
in food, in lighting, painting, &c. Olive, almond, linseed,
rape, cocoa, and castor oils, are familiar examples; and it
is worthy of remark, that they do not partake of the qualities
peculiar to the other secretions of the plants from the seeds
of which they are derived.

240. Waz is also a vegetable product, and differs from
fixed oils only in being solid at common temperatures.
Besides that collected and elaborated by bees from flowers,
many plants yield it in a pure state. It is found in the
form of minute scales on the surface of the plum and other
fruits, and as a thin coating on the leaves of the cabbage
and other plants, constituting what is called the bloom. It
may also be obtained in small quantities {rom other plants,
by the application of heat ; but those yielding it in greatest
abundance are the candleberry myrtle and the wax palm—
both of which take their names from the circumstance. In
the former it is found in the fruit, and in the latter it is laid
over the leaves and trunk in the form of a varnish. In all
cases the physiological uses of wax seem to be to protect
the vegetable from the injurious effects of moisture ; and so
well adapted is it for this purpose, that the leaves of the

251. The use of these oils.
2562. What of wax, and where found ?
253. Vegetable sources of wax, and its uses?
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wax palm are used in South America for covering houses,
and have been known even in this state to sustain the vicis-
situdes of weather for twenty years.

241. A product resembling tallow is obtained from the
fruit of several plants, such as the croton schiferum of China,
and the piney, which grows on the Malabar coast of India.
In the croton, the fatty matter surrounds the stony kernels,
and in the piney it is associated with the pulpy fruit. Like
wax, vegetable tallow seems not only to protect the fruit,
but to yield nutriment to the embryo plant; while both are
largely used in the arts as a substitute for animal tallow.

242. Camphor, which is nearly allied to the volatile oils,
is a solid, colourless, highly odorous, and inflammable sub-
stance. It exists in many plants, but is chiefly obtained
from a species of sweet bay, growing in the East Indies.
The branches and roots of this tree are cut into small
pieces, and slowly boiled in iron vessels, the covers of which
are made hollow, and stuffed with straw. Being volatile,
the camphor rises with the vapour, and lodges in the straw,
whence it is collected, and subsequently melted into lumps
for sale. In old camphor-bearing trees, the camphor is
sometimes found in small native concretions, occupying
the place of the pith; but this variety is rare, and high
priced. Unless as a protective, the physiological uses of
camphor are not very perceptible. Economically, it is
largely employed in medicine, in the preparation of var-
nishes, and in preserving specimens of natural history from
the depredations of insects.

RESINS, GUMS, BALSAMS, &c.

243. The resins, gum-resins, and balsams, are a very nu-
merous and valuable class of vegetable products. The
resins are dry, brittle substances, insoluble in water, solu-
ble in alcohol, fusible, and highly inflammable. The guin-
resins are solid compounds of resin and gum; whilst the
balms, or balsams, formed by a mixture of resin with ben-

954. Whence is vegetable tallow procured ?
255. What of camphor and its properties 7
256. Describe resins, and gum-resins,
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zoic acid, exist in a fluid state. The diﬁkrgnceé l)et}veer?
these substances, however, are not very distinctly “““kedi
for, though most of the gums are soluble in water, severa
cannot be dissolved unless by the aid of alcohol, and in
their external appearances and properties they are almost
identical. Again, they are so alike in their chemical com-
positions, that the most minute analysis has failed to detect
any difference ; hence chemists suppose Fhat resins, gum-
resins, and balsams are nothing but volatile oils, rendered
concrete by the absorption of oxygen from the atmosphere,
A portion of these substances is often exuded by the plant,
either from a repletion of the receptacles, or from external
injury ; they essentially add to the durability of the timber,
and preserve it from the attacks of animals; and, from their
composition, would seem to be in some way connected with
the functions of nutrition.

244. The resins are most abundantly yielded by the pine,
or fir tribe, which contain the substance called turpentine,
either in the vessels of the wood or bark. When turpen-
tine is first obtained from the tree, it is in a liquid state ;
but after it has been allowed to settle, a solid substance is
deposited, which, when purified by boiling, is the common
yellow rosin, used in making soap, and for numerous other
purposes. The liquid left after the deposition of the rosin
1s the turpentine of commerce, from which spirit of turpen-
tine is procured by distillation, the residuum being the black
rosin, or colophony, used by violin-players for their bows.
Tar is procured by cutting the wood and roots of any of the
pine tribe into small pieces, and charring them in such a man-
ner as to allow the sap to run off during the process, which it
does in the form of a thick black fluid. This fluid is the
vegetable tar of commerce, from which pitch is obtained by
bpllmg to dryqess. Besides the turpentine drawn from the
pine apd fir mbe? there is some procured from a kind of
pistachia, which is more delicate than the common kind,
but much dearerj, and more limited in ijts uses. Mastic
and copal are resins derived respectively from a species of

257. Their chemical nature.
258. What of turpentine and tar ¢
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pistachia and rhus, and used in the preparation of varnish.
Pitch, tar, and oil of turpentine, are all extensively used in
the arts by ship-builders, joiners, painters, and many others.

245. The principal gum-resins and -balsams are the fol-
lowing :—storax, which is derived partly from a species of
styrax, and partly from the liquid amber ; benzoin, which is
produced by another species of styrax, and used in making
paregoric; balm of Gilead, which is obtained from a species
of amyris, now called balsamodendron; and myrrh, which
exudes from several species of plants, such as the balsamo-
dendron, laurus, and acacia. Frankincense, a gum-resin,
highly valued for its perfume, is derived from a kind of
juniper found in Arabia; and balsam of Peru and balsam of
Tolu are procured from different species of myrospermum,.
Gamboge, extensively used in the arts and in medicine, is
a gum-resin, obtained from several trees belonging to the
orders Gultiflora and Hypericacez, natives of Ceylon, Siam,
and Cochin-China. Gum tragacanth, now much used in
calico-printing, is produced by a leguminous shrub, a native
of the south of Europe; and labdanum, another gum-resin,
by a species of cistus, found growing in Crete. Labdanum
was formerly mixed with opium, in the belief that it neu-
tralized some of the injurious effects of that drug; hence
all the common preparations of opium are still called lau-
danum, though consisting of pure opium dissolved in spirits
of wine. There are many other resins, gum-resins, and
balsams, but those mentioned in this and the preceding
paragraph are the principal. They are all obtained either
from spontaneous exudations, or from artificial incisions
made in the plants at certain seasons; the drier and warmer
the climate and situation, the more powerful the properties
of the secretions.

246. The true gums are distinguishable from the forego-
ing substances by their being entirely soluble in water,
whilst alcohol does not act upon them. Their solution in
water produces a thick adhesive fluid, of which dissolved
gum-Arabic and gum-Senegal form familiar examples

259. Describe the variety of balsams and gum-resins.
260. How are the true gums characterized 7

12
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These gums are obtained principally from artificial incisions
in the bark of different species of acacia, though they also
exude spontaneously, like the gum of the cherry tree in our
own country. Gum exists more or less in every plant, and
is one of their nutritive products—indeed the only one
which can be absorbed and assimilated, without being first
decomposed into water and carbonic acid, for plants have
been known to thrive well upon a solution of it. It exists
in the ascending as well as in the descending sap; it con-
stitutes the cambium, or sap-wood, and in this form supplies
material for the formation of cellular tissue.

247. Caoutchouc, or Indian rubber, a substance nearly
resembling gum in its appearance, is derived from the latex
of the ficus elastica, a kind of fig found in the East Indies,
and in that of a Brazilian tree called siphonia hevida. It is
found in many other plants, but not in sufficient quantities
to be useful in the arts. When taken from the tree, caout-
chouc is in a milky state, but by exposure to the air, it
thickens into a kind of elastic gum, without colour, taste,
or smell; the dark colour which it usually presents being
derived from the fire over which it is dried. For many
years it was only used for erasing pencil marks—hence its
popular name of Indian rubber; but latterly, it has been
extensively employed in the construction of elastic ligatures,
and, from its being impervious to wet, in the formation of
waterproof clothing. Being soluble in ether and naphtha
it can be spread out into a thin coating, or varnish, over any
substance; hence its adaptation to waterproof fabrics, air
cushions, &c.

248. Opium, a product of a very different character from
caoutchouc, is also derived from the milky juice which
flows so abundantly in certain orders of plants during the
flowering season. It is obtained in small amount from
many plants, but chiefly from the poppy tribe; the white
poppy (Papaver somniferum) being that which yields the
opium of commerce. The juice is obtained by making
incisions in the seed-vessels, or heads, when in a green

261. Nature, sources, and uses of caoutchouc.
262. Describe opium, its source and properties.
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state, and that which oozes out hardens by exposure to the
air. In this state it forms crude, or lump opium, which,
dissolved in spirit of wine and filtered, produces laudanum.
Opium is a compound substance, consisting of a gum solu-
ble in water, a small quantity of resin, and caoutchouc.
Its powerful effect on the animal system is owing to two
alkaline principles which it contains, namely, morphia and
narcotine; the former producing a sedative, and the latter a
stimulating effect. From this fact, it will be readily under-
stood why opium should be smoked by the Chinese to pro-
duce intoxication, and swallowed by the invalid to pro-
cure him rest and insensibility to pain.

MISCELLANEOUS EXTRACTIVE PROPERTIES.

249. Tannin, which forms one of the best antiseptics, is
a vegetable extract derived from the bark of many trees
It acts chemically upon all animal tissues containing gela-
tine ; hence its economical importance to man. In the skin
of animals, for instance, there is a great quantity of gela-
tine, which, when extracted, forms glue; and this sub-
stance, though it gives toughness and elasticity to the skin,
is yet so liable to putrefy, that it would prevent the skin
from being of any utility as an article of clothing, were its
decay not prevented by the influence of tannin. For this
purpose, the bark of oak, which contains a notable quantity
of tannin, is steeped in water, and the skins are soaked in
pits filled with the infusion, till they are converted into
leather by the tannin penetrating their tissues, and thus
rendering them capable of resisting decay. Tannin exists in
the bark of most trees, some of which, like that of birch,
communicates its fragrance to the leather; butin this country,
it is only found in the oak and larch,in sufficient quantities
to remunerate the preparation. Existing only in the bark,
its physiological utility is apparent, in preserving the tissues
of the vegetable from the decomposing influence of air and
moisture.

263. What is tannin, its value, and where found 7
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250. Vegetable dyes, which are of extensive utility in the
arts, are obtained either from the roots, stems, leav{es, or
flowers of peculiar plants. Some are discernible in the
native colour of the vegetable structure; others assume their
economical colour only when extracted by a particular pro-
cess. One of the most important is indigo, extracted from
a leguminous plant grown in India, the leaves of which are
steeped in water till the colouring matter of the cellular
tissue has been separated from the framework of the leaf.
The liquid is then drawn off, and evaporated, the colouring
residuum, when dry, being the indigo of commerce. The
importance of this dye may be estimated, when it is stated
that the quantity grown in India is worth seven millions
sterling a-year. It is used not only for dyeing blue, but as
a preparation for dyeing black. Woad is another blue dye,
obtained from the leaves of a plant known to the ancient
Britons, and still cultivated in some parts of Lancashire.
Logwood, which yields a purple dye, is the produce of the
heartwood of a tree grown in the West Indies. The prin-
cipal red dyes are madder, obtained f{rom a plant grown
abundantly in the south of Europe; archil, the produce of
a lichen found in the Canary islands; alkanet, the root of
an anchusa; and Brazil wood, the duramen of the cesal-
pina crista, a South American tree. The principal yellow
vegetable dyes are obtained from a species of mignonette
called the dyer’s weed, and from the bark of the quercitron,
one of the American oaks. Saffron, the stigma of a species
of crocus, and turmeric, arnatto, and fustic, are also yellow
vegetable dyes, as are the fruits of the rhaumus known in
this country under the name of French or Avignon berries.
Sap-green is also prepared from a species of rhaumus. Yel-
low and orange dyes can be obtained from the common
heath ; henna juice produces a permanent light brown ; and
all vegetables contain more or less colouring matter capa-
ble of affording brownish hues. In most cases, vegetable
dyes are extremely evanescent, and are seldom used with-
out the aid of what is called a mordant, to fix their colours;

264. Whence are vegetable dyes procured ?
265. Name some ofthe most important.
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the mordants most commonly used being alum, copperas,
and oxide of iron.

251. The aromatic properties of plants are chiefly con-
tained in the bark, but they are also sometimes found in the
seeds. The most remarkable are quinine, which is the
inner bark of a tree nearly allied to the coffee ; the bark of
several kinds of magnolia; cinnamon, which is the inner
rind of a tree nearly allied to the sweet bay; and sassafras
chips, which are obtained from another tree belonging to
the same genus. Aromatic qualities are also contained in
the seeds of carraway, pepper, mustard, coffee, and nume-
rous other plants.

252. Mucilaginous matters are produced by various kinds
of mallow, and are employed in medicine as amulcents
in coughs, hoarseness, &c. Other vegetable products are
used for the same purpose, such as the juice of the liquo-
rice plant.

253. The astringent and drastic properties, which render
vegetable preparations so valuable in the pharmacopeia of
the apothecary, are possessed by many plants. The leaves
of the tea-plant, the galls of the oak, the leaves of the bram-
bleberry, and the husks of the walnut, are astringents.
The aloe, colocynth (which is the pulp of a small gourd
called the bitter apple), and jalap, which is obtained from
a kind of convolvulus found at Xalapa, in Mexico, are pos-
sessed of purgative or drastic properties. Gamboge, and
other vegetable products, are used as drastic medicines, the
former being poisonous when taken in excess.

254. Acid properties are found in many vegetables, and
are frequently so intense as to be poisonous—as, for exam-
ple, oxalic acid, which is obtained from the wood-sorrel,
and prussic acid, which is extracted from bitter almonds,
the kernels of peaches, and other allied fruits, and from the
leaves of the cherry, laurel, &c. The most abundant and
useful acids are the citric, which is found in the orange and

266. What are mordants, and examples ?

267. What of aromatics ?

268. Define mucilage, its source and properties.
269. Examples of astringents and drastics.

270. Sources and variety of vegetable acids.
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lemon tribe, and is used in food as well as in the manufac-
ture of morocco; the mallic, obtained from apples and
pears, and is that which gives the acidulous flavour to cider
and perry; and the gallic, derived from the galls of the
oak, and used both asan astringent, in dyeing black, and in
making ink. Besides these, there are tartaric acid, found
free in certain fruits, but principally obtained from the crust
deposited on the inside of wine casks, in which it exists
in combination with potash, forming cream of tartar; and
pyroligneous acid, obtained from the wood of the fir-tribe
by distillation. Both of these acids are used by the dyer
and calico printer; and the latter, which resembles strong
vinegar with a tarry flavour, is also extensively used as an
antiseptic. Creosote, well known in medicine, is obtained
from pyroligneous acid, by separating the tarry matter.

255. Of the alkaline properties of vegetables may be
mentioned morphine and narcotine (already noticed), and
quinine, which is extracted from cinchona. The salts of
potash and soda are abundantly found in many plants,
especially those growing near the sea; and from these, till
lately, the soda of commerce was wholly obtained. Itis
now derived from sea salt (muriate of soda) by a chemical
process.

256. Vegetable poisons are principally of two kinds—the
acrid and stupifying. The poison of some of the ranuncu-
luses is the former class; that of the poppy belongs to the
latter. Of the secretions and excretions already mentioned,
many are poisonous when taken in excess; even the fumes
of some are productive of deleterious effects.

257. The substances above enumerated are partly secre-
tions and partly excretions; those being regarded as excre-
mentitious which are naturally exuded by the living vege-
table. Of this kind are wax, several resins and gums, the
caustic juice of the stinging nettle, and the clammy sub-
stances found on the leaf-buds of the chestnut, the calyx of
the moss rose, &c. The most remarkable of the excretions

271. Alkaline products of vegetables. ,
272. Vegetable poisons, varieties and examples.
273. Distinctions between secretions and excretions.
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are those juices discharged by the roots, which appear either
as acid, milky, mucilaginous, or saccharine products.

258. Besides the proper secretions and excretions, there
are other products alike subservient to the purposes of the
plant and to human economy. Of these the principal are
the woody fibre of the flax, from which linen is made ; the
down which surrounds the seeds of the gossypium, from
which cotton is obtained ; the woody fibre of the hemp and
the cocoa nut ; and the bark of the cork tree.

259. Lastly, there are many adventitious substances found
in plants, which are not the products of vital organization.
Lime, for instance, is found in the ashes of many plants in
union with acids, and sometimes it is excreted in the form
_ of a thin crust on their leaves. Silica also occurs in con-
siderable quantities, especially in the stems of reeds and
grasses ; it forms the glossy pellicle of the cane, and is some-
times found in the joints of the bamboo, where it is depo-
sited in a soft pasty mass, which ultimately hardens into
pure semi-transparent silica. Besides these earths, there
are various metallic oxides and salts, and the well-known
alkalies, potash and soda.

260. The physiological uses of the products above enu-
merated are but imperfectly known. Many of them—such
as starch, gum, sugar, and the fixed oils—directly administer
to the support of the young plant and to the formation of
new tissues; while those which yield flavour and aroma
seem to be connected with the preservation of plants, by
protecting them from the depredations of insects and other
animals.  Others, again, such as silica and metallic oxides,
give hardness and stability to the stems and branches;
some give elasticity and pliancy to the young shoots, there-
by preventing them from being broken by winds; and
several administer to the durability of the woody fibre, by
their properties of resisting putrefaction. It is nevertheless
true, that the purposes which many of the so-called secretions
and excretions serve in the economy of vegetation are by

274. What other products of value ?
275. What earths, metals and salts are found in plants ?
276. Physiological uses of all. ;
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no means evident. Physiologists are as yet but partially in-
formed, satisfying themselves with the general statement,
that all these products are either necessary to the growth,
propagation, or preservation of the plant, or are excreted to
maintain it in a healthy condition.

METAMORPHOSES OF PLANTS.

261. The Metamorphoses of Plants forms one of the
most interesting sections of Vegetable Physiology. Tech-
nically, it is termed Morphology—that is, a consideration
of the changes and transformations which various parts of
plants undergo, either from natural or artificial causes. We
know, for instance, that many plants are made to change
their appearance and qualities by cultivation ; that by graft-
ing, hybridizing, and so on, the gardener can change the
size, colour, and qualities of his fruits and flowers; and
that analogous changes take place in a state of nature, such
as the conversion of leaves into petals, and leaves and
branches into thorns and spines. It is also well known
that flowers become double by changing their stamens into
petals; and it is from a knowledge of these facts that
botanists have asserted that all the appendages of the stem
or ascending axis are modifications of a single organ, and
may be considered as leaves adapted to a special purpose.
This doctrine, at first broached by Linnzus, and subse-
quently expounded by the celebrated Goéthe, is now very
generally adopted. It is usual to treat of this subject under
two heads, namely, regular metamorphosis, or that con-
nected with the structure of all vegetables; and irregular
metamorphosis, or that which influences only a particular
class of plants, or parts of those plants, and which occur
under peculiar circumstances.

REGULAR METAMORPHOSIS.

262. Regular metamorphosis embraces those transforma-
tions which are applicable to all vegetables. It presumes

277. Define morphology, and varieties named.-
278. How classified ?

279. Define regular metamorphosis.
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that, if the organ can be transformed into another, there is
an identity in their origin and nature. If, for example,
leaves are sometimes converted into bracts, bracts into a
calyx, and the calyx into a corolla, then it is almost self-
evident that the corolla, calyx, and bracts, have the same
origin as the leaves. Regular metamorphorsis seeks for
facts to establish this doctrine, namely, that all the append-
ages of a plant have a common origin with the leaf, and
may therefore successively assume the form and appearance
of that primary organ. '

263. All the appendages of the stem are modifications of
leaves, transformed to subserve some special purpose. The
first protrusion of the plumule from the embryo is leaf-like,
subsequently true leaves are developed, and from a succes-
sion of these are formed the stem. The branches of the
stem take their origin from leaf-buds, and are again clothed
with branches and leaves by the same process as in the
main stem. As a branch proceeds towards the point of
fructification, the leaves assume the form of bracts, these
again are succeeded by the leaf-like sepals of the calyx, and
next by the petals of the corolla. Within the petals are the
stamens, which sometimes assume a leafy form, next the
pistil, and ultimately the seed-vessels. Even the seeds are
but leaves in another form, embalmed and preserved, as it
were, for the reproduction of another plant; and in many,
such as the beech-mast, the leaflets of the embryo may be
distinctly seen, folded and imbedded in their future nutri-
ment. Thus, the growth and reproduction of plants may
be regarded as a circle of leaflike changes, the leaf, or
some modification of it, being in all cases the organ which
administers to the functions of vitality.

264. In stipules and bracts, the leafy origin is abundantly
evident. The former are more or less developed in all
plants, and may be considered as rudimentary leaves, or
parts of the leaf. Bracts, again, are always -intermediate
between true leaves and the calyx, forming the boundary
between the period of growth and that of fructification. In

9280. What are modifications of leaves ?
281. What of etipules and bracts, sepals and petals 7
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some roses, for example, the bracts are exactly similar to
the leaves, while in the tulip, they frequently partake both
of the colour and texture of the sepals. Bracts, like true
leaves, have buds in their axille, as may be seen 1.n'the rose
and common daisy. Bracts also mark the transition from
growth to inflorescence, by their mode of arrangement.
Leaves may be alternate or whorled on the stel_n,'whlle the
floral appendages are always whorled or verticillate : the
bracts generally represent the transition to this whorled
arrangement.

265. That there is no essential difference between the
sepals of the calyx and the petals of the corolla is evident
from the sepals being frequently coloured, and forming the
most beautiful portion of the blossom. In the monkshood,
the blue part which forms the flower is botanically the
calyx, the petals being entirely concealed under the hood.
In the fuschia, the bright scarlet part is the calyx, and the
small purple petals within, the corolla; while in the tulip
and crocus, the sepals and petals are all colonred alike, so
that it would be impossible to distinguish one from the
other, did not the sepals grow a little lower on the stem.
In many plants, the petals and sepals are identical in colour,
texture, and odour ; and when the perianth is single, they
seem to be combined. ¢

266. In like manner there is no physiological difference
between the petals and leaves. Both have a framework of
veins, the interstices of which are filled up with cellular
tissue, and both have an epidermis furnished with stomata.
The absolute change of leaves into sepals, and thence into
petals, may be occasionally seen in the tulip, the bracts or
floral leaves of which are sometimes partially coloured, like
the proper petals of the flower.

267. The construction and arrangement of the stamens
point to the same leafy origin as the corolla and calyx. The
stamens which form the third whorl, or series of fructifica-
tion, have occasionally their filaments dilated and leaf-like,
as in the white water-lily and barberry. In many cases—

282. Mow is the leaf chown to be the fundamantal structurs !
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such as the double roses, anemones, ranunculuses—a tran-
sition is observable from the outer petals of the corolla to
the true stamens; the petals gradually becoming smaller,
and ultimately assuming the colour and form of stamens.

268. The sepals, petals, and stamens, always correspond
in number. For example, if there be five petals, there will
be five sepals, either separate, or slightly adhering together,
and generally the same number of stamens. Sometimes,
however, the stamens are more numerous; but they always
consist of some multiple of the original number of petals—
as, for instance, when there are five petals, there will be
five, ten, or twenty stamens.  Five, three, or six, are the
most common number for petals; four is very rare; and
seven has never yet been met with.

269. The fourth series, or concentric whorl of fructifica-
tion, is the discus, which is so frequently absent, and of so
obscure a nature when present, that few morphologists take
it into their consideration. Dr. Lindley seems inclined to
regard it as a modification of the stamens, and consequently
partaking of the nature of that fundamental organ, the leaf.
“ M. Duval,” says he, “ has noticed half the disk of a cistus
bearing stamens ; and a variety of instances may be adduced,
of an 1nsensible gradation from the stamens to the most
rudimentary state of this organ.”

270. The pistil and ovary, which form the last of this
concentric series, seem formed in the same way by the
metamorphosis and union of leaves. Many pistils have a
laminated, or blade-like shape, and the stigma of some, such
as the iris, is leafy (see fig. 66). The leafy origin of the
ovary is still more perceptible—a follicle, for example, being
evidently composed of one or two leaves folded, and ad-
hering at the edges. The same may be said of other car-
pels; and even a pome (fig. 70) may be regarded as several
leaves metamorphosed by an increase of cellular tissue, and
united so as to form one continuous mass. The leafy origin
of fleshy fruits is often very perceptible when newly formed,
or when by some accident they are rendered abortive at
this stage.

283. Name the various illustrations.
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971. What are called monstrosities in flowers, furnish
another evidence that the floral appendages are merely
modifications of the leaf, or at least that the same structure
is common to both. These monstrosities generally arise
from some accidental circumstance operating, so as to
change the flower-bud into a leaf-bud during the germina-
tion of the flower. Thus, if a plant be supplied with abun-
dance of moisture and warmth, but with little sunlight, the
growing point will be developed into a bud in the centre
of the flower, and sometimes a second flower will be pro-
duced at the extremity. We also know, that removing a
wild plant into a garden has a tendency to make the flowers
double; because the richer soil affords so much nourishment,
that enough of cellular tissue is produced to change the
stamens into petals. ;

272. Leaves and branches are frequently transformed into
spines and thorns. Indeed, thorns are regarded as leaf-buds
which have been rendered abortive by some accidental
stoppage of the sap, which prevents the addition of cellular
tissue sufficient to form perfect leaves. Branches, which
also take their origin from leaf-buds, may be arrested at a
certain stage of their growth, so as to form spines instead
of perfect branches; and such spines not unfrequently give
birth to new leaf-buds and leaves, as may be seen in the
common hedge-thorn.

273. In conclusim—<We see,” says Dr. Lindley, ¢ that
there is not only a continnous uninterrupted passage from
the leaves to the bractew, from bractez to calyx, from calyx
to corolla, from corolla to stamens, and from stamens to
pistillum—from which circumstance alone, the origin of all
these organs might have been referred to the Jeaves—but
there is also a continual tendency on the part of every one
of them to revert to the form of the leaf.”

TRREGULAR METAMORPHOSIS

274. Of irregular metamorphosis, or those changes which
parts of plants, or classes of plants, may be made to assume,

284. What of monstrosities in flowers 7
285. Other transformations.
286. Define irregular metamorphosis.
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little 1s absolutely known. In a state of nature, certain
tribes are limited to certain localities, these situations being
characterized by some peculiarity of soil and atmospheric
mfluence. If the conditions of soil and climate to which
they are subjected remain the same, the character of plants
is nearly uniform or stationary ; and this may be always said
of them in their natural state. But if they be removed from
a poor to a rich soil, from a dry to a moist habitat, from a
warm to a cold climate, or vice versa, then their internal
structure will undergo a change; and this change will
manifest itself in one or other of their external characters.
In some classes, this change is most evident in the roots
and tubers; in others, in the stems and leaves; while in
many, the organs of fructification (the flowers and fruit)
are the parts most affected. Sometimes this change of
situation merely produces a more luxuriant development
of all the parts of a plant, without causing any abnormal
growth of a particular organ. Cultivation, and other arti-
ficial treatment may be considered as the cause of these
irregular metamorphoses, which assume in some plants a
wonderful degree of permanency, and may be transmitted
to successive races ; though, generally speaking, if the arti-
ficial stimulus be not kept up, plants will return to their
normal or natural condition.

275. The changes which roots and tubers can be made to
undergo are numerous, and highly beneficial to man. The
potato, for example, is a native of tropical America; and
when found wild there, its tubers are small, and scarcely,
if at all, edible; while in Europe, it has been rendered by
cultivation one of the most valuable articles of food. The
produce of an acre of wild potato could be carried in
a single measure, while in Britain, the same extent will
yield from forty to sixty bolls. Cultivation has also pro-
duced a thousand varieties of this wber, varying in shape,
size, colour, and quality: even in one year, a change of
soil will sometimes cause a difference, not only in quality,

287. What of transplantation ?
288. Name examples of the changes in roots and tubers.
289. Varreties in climate and effects.

13
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but in colour and appearance. Beet, parsnip, nnd turnip,
are also made to assume many varieties under judicious
cultivation. The bulb of the latter, for instance, has, sirice
the beginning of the present century, been metamorphosed
into forms from globular to fusiform, in co]our§ from white
and yellow to purple and green, and in weight from a
couple of ounces to twenty pounds. So, also, with the
carrot, which in a wild state is a slender tapering fleshy
root, of a yellowish-white colour, but which by cultivation
increases in size, and assumes a deep red or orange colour.
In the one case, the root is not much thicker than a com-
mon quill, in the latter, it becomes as thick and long as a
man’s arm. Nor are we aware of any limit to such meta-
morphoses; more numerous and more gigantic varieties may
yet be reared by superior cultivation.

276. The stem is less subject to irregular metamorphoses
than either the roots or tubers. It has been already stated
(par. 81), that if a tree which is a native of mountains be
placed in a valley, it grows more rapidly, and its timber
becomes softer and of less value ; and, in like manner, if
the tree of a valley be removed to a mountain, it becomes
of slow growth, and small dimensions, but produces timber
remarkable for its toughness and durability. Generally
speaking, stems in hilly regions became short and hardy,
in low and moist situations long and of softer texture, in
open plains firm and coloured, and in shady recesses slender
and delicate. By cultivation, tall stems are for the most part
rendered short, and short ones taller—the dahlia, for ex-
ample, having been reduced to one-half of its natural height
by garden culture. The cabbage, in its wild state, hasa
tough slender stem, which by culture has become fleshy
and fusifofm; and so also of many other culinary plants.
Sometimes the stems of cultivated plants assume a double
or triple appearance, asif two, three, or more individuals
had been glued together. Stems in this state are said to
be fasciatcd, or bundled, but are in reality single stems, and
not a mere accidental adhesion of several individuals.

290. What of the stem ? Illustrations.
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277. Leaves are subject to innumerable metamorphoses,
arising either from culture, change of season, disease, or
injury by insects. From a thin and tough condition, they
will sometimes become succulent, and roll inwards, forming
what is called a %eart, as in the common cabbage and let-
tuce. In others,the paranchyma and margin are produced
in excess at certain stages of growth, so as to convert plain
leaves into a puckered and irregular shape, as in the curled
cress, curled savory, &c. Trees and shrubs with notched,
lobed, and compound leaves (par. 103), will, by being trans-
planted to a rich soil and warm situation, become simple
and entire; even pectinate leaves, under similar treatment,
will become fleshy, and fan-shaped ones lobed. Sudden
changes of weather, such as from excessively dry to wet,
or the reverse, occasionally produces strange metamorphoses
among leaves; so likewise do the injuries received from the
stings and larvee of insects.

278. The metamorphoses which occur in the floral organs
are also very frequent; and on this feature depends all that
variety and beauty which it is now so much the object of
the florist to produce. These transformations consist in an
increase of the petals,in a conversion of petals into stamens,
and in some modification of the colour. What are called
double flowers, and produced by a multiplication of the pe-
tals, as in the common varieties of the rose; and full flow-
ers are those in which the multiplication is carried so far,
as to obliterate the stamens and pistil. In a wild state, for
example, the rose produces but a single row or verticil of
petals, surrounding a vast number of stamens; but when
cultivated, several rows of petals are formed at the expense
of the stamens, which are proportionally diminished. “With
regard to colour,” says Dr. Lindley, “its infinite changes
and metamorphoses in almost every cultivated flower can
be compared to nothing but the alterations caused in the
plumage of birds, or the hairs of animals by domestication.
No cause has ever been assigned to these phenomena, nor
has any attempt been made to determine the cause in plants.

291. Agencies operative upon leaves.
292. Varietiés in flowers.
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We are, however, in possession of the knowledge of some
of the laws under which change of colour is effected. A
blue flower will change to white or red, but not to bright
yellow; a bright yellow flower will become white or red,
but never blue. Thus the hyacinth, of which the primi-
tive colour is blue, produces abundance of white and red
varieties, but nothing that can be compared to bright yel-
low, the yellow hyacinths, as they are called, being a sort of
pale yellow ochre verging to green. Again, the ranuncu-
lus, which is originally of an intense yellow, sports into
scarlet, red, purple, and almost any colour but blue. White
flowers, which have a tendency to produce red, will never
sport to blue, although they will to yellow; the roses, for
example, and the crysanthemums.” For further remarks on
the subject of colour in flowers, see par. 212-217.

279. The changes which the fruit or seed undergoes are
also very numerous and obvious. Where, for instance, is
there a native grain like wheat, or a native fruit like the
apple? In a wild -state, the seeds of our cereal grains
(wheat, barley, oats, &c.) are thin and meagre; by proper
cultivation, they are rendered large, plump, and full of farina,
so as to become the most important articles of human sus-
tenance. Numerous varieties of these grains, each differ-
ing in colour, flavour, durability, &c., are now raised by
cultivation ; so that, compared with their originals, their
value is more than a thousandfold. The small globular sour
crab apple of our hedges is the original of the numberless
varieties of apple now cultivated by gardeners, each vari-
ety differing somewhat in size, shape, colour, and flavour.
So also with the sloe, which is the parent of our purple, yel-
low, and white plums; with the wild cherry, and almost
every species of cultivated fruits and seeds. Besides the
changes which are steadily effected by cultivation, there are
frequent sports in the fruit, as in the blossom or flower. In
the orange, a second fruit is sometimes produced inside the
outer, agreeing in all respects with the outer fruit; and in

293. Examples of floral transformation. '
294. Changes of fruit and seed, examples.
293. Whetlrer spontantous or by cultivation.
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the apple and cherry, double and triple fruits, analogous to
fasciated stems, are frequently to be met with.

HYBRIDISM.

280. The hybridism of plants is closely allied to the sub-
ject of morphology, and is in fact a transformation of cha-
racter produced by artificial means. As among animals
two distinct species of the same genus will produce an in-
termediate offspring—such as the mule, which is the off-
spring of the horse and ass—so among vegetables two
species belonging to the same genus can be made to pro-
duce a hybrid; that is,a new plant possessed of characters
intermediate between its parents. This power of hybrid-
izing is more prevalent among vegetables than animals ; for
the different species of almost every genus of plants are
capable of producing this effect, if the pollen of one spe-
cies be put upon the stigma of another. This union, how-
ever, can only take place between nearly allied species; it
occurs rarely among plants in a wild state, but is quite
common among cultivated species. According to modern
botanists, the character of the female parent predominates in
the flowers and organs of fructification of the hybrid, while
its foliage and general constitation are those of the male

arent.

281. Hybrids have not the power of perpetuating their
kind like naturally distinct species. Mule animals, for
instance, are uniformly incapable of procreation, unless
with one of their parent species; so also with vegetable
hybrids, which, though occasionally fertile in the second
and third generations, have never been known to continue
so beyond the fourth. If impregnated with the pollen of
one of its parent species, a hybrid plant will give rise to a
new hybrid, partaking more of the character of the original
parent; and if this process be continued for two or three
generations, the hybrid will ultimately return to the pure

296. What of the hybridism of plants ?
297. Analogy from the animal kingdom,
298. Peculiarities of hybrids.

13*
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species. Thus, though hybrids are incapable of propagat-
ing themselves beyond a very limited period, the pollen of
the parent species may be made to fertilize them, or their
pollen to fertilize the parent; but in either case the new off-
spring gradually merges into the original species. Thus
nature has wisely set a limit to the intermingling of species,
by which they are preserved from ultimately running into
confusion and disorder. The cause of sterility in hybrids
is unknown ; for, in general, there is no perceptible differ-
ence between the perfection and healthiness of their organs
and those of the parent species.

282. In an economical point of view, hybridism is of great
value to man. By a knowledge of its principles, he has
been enabled to modify the characters of natural species, so
as to adapt them to his special purposes, and thus have
arisen most of those beautiful sorts and varieties of blossom
which now adorn the flower-garden. So, also, by crossing
varieties of the same species, our grains, fruits, and kitchen
vegetables have been brought to a high state of perfection.
The size of one species has been assiduously amalgamated
with the durability of another, the beauty of a third with the
flavour or odour of a fourth, and so on with other qualities,
till we have now as many perfect vegetables as it seems
possible to produce. The principles of hybridism will yet
be more extensively applied ; and it is not too mach to ex-
pect that the perfection of our field and forest produce will
yet rival that of our orchards and gardens.

GEOGRAPHICAL DISTRIBUTION OF PLANTS.

283. The geographical distribution of plants is influ-
enced by conditions of soil, heat, moisture, light, altitude
of situation, and various other causes; for, did they flourish
independently of these conditions, then there were no rea-
son why the vegetation of one part of the globe should differ
from that of another. We know, however, that the flow-

299. Value to horticulturalists.
300. Examples of hybridism,
301. What of the geographical distribution of plants 7
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ers, shrubs, and trees which adorn the plains of India are
not the same with those which clothe the valleys of Britain;
and that these, again, are totally different from the scanty
vegetation of Iceland or Spitzbergen. Each order is,
nevertheless, perfectly adapted to the conditions under
which it exists, and finds in its kabitat, or native situation,
all the elements which administer to its growth and perfec-
tion. A knowledge of these conditions, and of the various
vegetable tribes which flourish under them, constitutes the
subject of botanical geography.

984. The influence of soil, climate, & c. upon vegetable life
is very obvious ; but the manner in which it operates is but
imperfectly known. The same elements enter into the
composition of the vegetation of the tropics as those which
form the vegetation of temperate regions; the same organs,
tissues, modes of growth, and inflorescence, are observable;
and yet, without the external conditions above enumerated,
a plant which has been transferred from the one region to
the other will speedily languish and die. Even one which
flourishes under the influence of the sea-breeze, if removed
far inland, will perish; and no art can retain in healthy per-
fection a native of the mountain which has been transplanted
to the warm and humid valley.

285. Certain plants, like animals, may, however, be accli-
matized ; that is, may be made to grow and propagate their
kind in a region in which they do not naturally occur.
Many of our cultivated and most useful plants are of this
kind; as, for example, the potato. This plant, which is a
native of tropical America, flourishes luxuriously, and is of
the highest utility, in northern Europe; but this it does by
a special adaptation. In South America, the warm climate
enables it to propagate by the seed; hence in that region
its tubers are small and insignificant; but in Europe, where
the climate is unfavourable to the production of the plant
from seed, it propagates by the tubers, which are conse-
quently enlarged, so as to contain a store of nutriment for

302. Influence of climate upon vegetable life.
303. What of acclimation ?
304. Tllustrations of acclimation.
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the young plant - before the stem and leaves be sufficiently
developed. The acclimatizing of plants does not perma-
nently change their character, for, in being restored to
their native habitats, they assume their original forms and
qualities. i,

~ 9286. The habitats of plants—that is, the situations in
which they naturally thrive best—depend upon the condi-
tions of soil, climate, &c., already alluded to, and are
generally distinguished as follows:—Marine when the
plants float upon or are immersed in salt-water, such as
sea-weeds; and maritime when they grow by the sea-shore,
or in places exposed to the influence of the sea-breeze.
Agquatic is the general term for fresh water habitats; and
these may be either lacustrine when growing in lakes, flu-
viatile when in rivers, or palustrine when in marshes or
wet meadow-lands. Plants growing in open pustures are
said to be pratensine, in cultivated lands arvensine, in woods
sylvan, in mountainous parts alpine, and in caves, mines,
and other underground excavations, subterrancan. The
station of a plant is said to be epiphyte when it grows upon
others, living or dead, without deriving from them the ele-
ments of nutrition ; and parasitic when it adheres to their
surface, and directly extracts its nourishment.

287. The range of habitat is that extent of the earth’s
surface over which a plant is distributed by nature. The
terms maritime and alpiue, for example, are general in their
application, and refer to all plants which grow by the sea-
side or on mountains; but the plants which flourish on the
sea-shores of Great Britain are not the same with those on
the coast of Africa; nor are these, again, allied to the mari-
time vegetation of Chili. The geographical -range of any
plant conveys a more specific idea, and embraces only that
parficular spot in which the plant rejoices. I'his range is
circumscribed by conditions of temperature, light, and ele-
vation above the sea, and does not, as might be supposed,
depend very closely upon belts of longitude, by which tem-
perature is generally indicated. Thus, nearly all the beauti-

305. Classification of plants according to their habitats.
306. The range or limit of habitat.
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ful pelargoniums and mesembryanthemums which adorn
our greenhouses are natives of a limited space near the
Cape of Good Hope, as are also many of our most beautiful
bulbs. The curious stapelias, that smell so much like
carrion, are found wild only in South Africa. The differ-
ent kinds of eucalyptus and eperis are only found in Aus-
tralia; and the trees bearing balsam grow principally in Ara-
bia and on the banks of the Red Sea. The umbelliferous and
cruciferous plants spread across Europe and Asia ; the cacti
are found in tropical America ; and the labiate and cario-
phyllacez are seldom discovered but in Europe. The
peculiar ranges and centres of vegetation, as they are
termed, cannot be well understood without a knowledge
of the different tribes and classes of plants, the considera-
tion of which forms the subject of SysTemaric Borany.

288. The soil exercises less influence on the distribution
of plants than is usually ascribed to it, though there can
be no doubt that on its power of absorbing and retaining
heat and moisture much of the luxurious growth of vege-
tables depends. They will grow to some degree in almost
any soil, as the bulkier ingredients (clay, lime, and sand)
always predominate (par. 23); but a proper proportion of
these earths is necessary to perfect vegetation; and many
plants will not continue healthy and propagate, unless sup-
plied with other elements, such as potash, soda, and various
metallic salts. For this reason the natural vegetation of a
limestone country differs from that of a retentive clay ; while
the plants which cover all sandy downs are totally different
in kind and character from those of the alluvial valley. For
this reason, also, it is that some soils become exhausted of
the elements necessary to the perfect growth of a certain
race of plants, and that these plants are succeeded by a new
tribe, which still find in the soil all the constituents of their
growth and perfection (par. 25, 26).

289. Moisture, which is indispensable to the existence
of vegetation, also exercises some influence in its natural

307. Illustrations named.
308. Effects of soil, and its changes.
309. What of moisture 7
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distribution. The plant which roots in the parched sand
is furnished with leaf-organs to absorb moisture from the
atmosphere, and retain 1t, while in a wet situation lht_:se
organs would become diseased, and rot away ; so, in th'e
manner, a marsh plant, whose spongioles are its main
organs of sustenance, would perish were it removed to an
arid soil. The organic strncture of such plants forms a
limit to their distribution ; and the same may be said of the
salicorni@, arenaria peploides, &c., which live only when
exposed to the salt spray of the ocean.

290. Heat and light are perhaps the most manifest agents
in the distribution of vegetable life. The luxurious growth
of the tropical jungle is the direct result of warmth and
moisture, just as the barrenness of Nova Zembla is the
effect of piercing cold ; yet both situations are inhabited by
plants which enjoy the conditions peculiar to their existence.
No conditions of mere soil, or light, or moisture, could
make the palms, tree-ferns, and jungle-flowers of India
flourish in Great Britain; so neither would our oaks or
pines flourish in Iceland, unless we could provide for them
that temperature and seasonal influence necessary to their
existence. Light, though it acts most powerfully on the
colours and blossoms of plants, is also an essential element
in their geographical arrangement. The southern slopes
of our hills and mountain ranges are always clothed with
a more elaborated and more fully developed race of plants
than the northern slopes, and this depends wholly upon the
greater degree of light which the former enjoy. The northern
side may sometimes be as green, but it will never be so
flowery as the southern exposure ; and the attentive observer
may detect new tribes on either side almost as soon as he
has passed the summit.

291. Altitude, or elevation above the ordinary sca-level,
also exerts an obvious influence on the distribution of
vegetable life; it is equivalent to removal from a tropical to
a temperate region, or from temperate latitudes to the arctic
circle. For every hundred feet of ascent, there is a pro-

310. What of heat and light ? their effects.
311. Examples of altitude, and it influence
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portional fall of the thermometer; so that at the height
of 5000 feet in Britain, and 16,000 at the equator, we
arrive at the region of perpetual snow ; in other words, to
heights as destitute of vegetation as the frozen zone. This
intimate relation between altitude and decrease of tempera-
ture accounts for the fact, why the base of a mountain may
be clothed with the vegetation of tropical India, the sides
with that of temperate England, and the summit with the
mosses and lichens of icy Labrador. Many mountains
exhibit such belts of vegetation ; the most familiar instances
being Mount Atna, Teneriffe, and the Andes.

292. The circumstances which facilitate the dispersion or
migration of plants are unconnected with the causes which
limit their geographical distribution. Many seeds drop from
the parent stalk. spring up into new series of stems; which
in turn give birt.. to another race of seeds, and these, again,
to another circle of vegetation. Thus, any tribe of plants
would spread from a common centre till arrested by the
influences which limit its range of habitation ; and this
mode of dispersion no doubt occasionally occurs. In most
plants, however, the seeds are small and light, and easily
borne about by the winds; some are downy, and furnished
with wings; others have tufts and filaments; and many are
ejected from their carpels with considerable force. All these
appendages and peculiarities are evidently intended to
facilitate their dispersion, which is further assisted by rivers,
lakes, and tidal . currents, by the wool of animals, the drop-
pings of birds, and the economical pursuits of man, whether
accidental or intentional. The seeds are arrested in their
progression by various causes; some are furnished with
barbs and hooks, which lay hold of objects, others become
entangled amid herbage, the mud of rivers, or the softened
soil of winter, while many towards spring are acted upon
so as to emit an adhesive substance, or their fleshy pericarps
melt down into the soil, carrying the embryo along with
them. In all, the appendages which aid their migration
begin to decay at the proper season, and so are unfitted any
longer to transport them.

312. Wonderful dispersion and migration of plante.
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293. Botanical geography is thus both an interesting and
intricate subject. ‘T'o enter fully upon the influences of
temperature, altitude, &c. would require a pretty extensive
knowledge of physical geography; and even then, without
an acquaintance with the various classes of plants, the special
effect of these influences could be but imperfectly under-
stood. A general idea of the subject, however, has been
given in the present section, from which the student wiil
perceive that every plant is perfectly adapted to the situa-
tion it is created to fill ; and that there is no portion of the
globe—the regions of perpetual snow and the moving sands
of the desert scarcely excepted—which does not administer
to the growth of some plant, which has not some form of
vegetation to adorn its surface.

313. Define botanical geography.
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INTRODUCTION

BY

THE AMERICAN EDITOR.

THE value of knowledge in relation to human physiology,
and the acquaintance with the laws of health and life which
such knowledge confers, have been justly set forth by the
author and publishers of this work in their respective prefaces.
So also the propriety and facility with which this subject can
be introduced among the instructions of the school-room, and
rendered attractive to the young, is here fully explained. And
these gentlemen may not be in error when they claim that
theirs is the first treatise ever prepared in Great Britain, for the
use of schools, upon this topic; yet, in the United States,
there are several which are entitled to priority, one of which,
first published in 1825, was by the present editor of this Amer-
ican republication, and has been extensively adopted, especially
in the Sabbath-schools of this country. It did not, however,
include animal physiology in general, but only that of the
human body.

The present work will, however, be found to condense more
extensive knowledge upon human and comparative physiology,
within smaller compass, than any of its predecessors. Writ-
ten by a practical teacher, actually engaged in the impartation
of this species of knowledge to children, it has claims to pe-
culiar merit. The illustrative drawings are well adapted to be
transferred to canvas, and copied upon transparent media, on
a magnified scale, as here recommended. But in this country
we are happily furnished with extraordinary facilities of this
character, in the splendid engravings on stone of Weber’s
Anatomical Atlas, by Messrs. Endicott of New York, who

3



4 INTRODUCTION.

furnish them to schools at a very low rate. These drawings
are so large, so accurate, and so beautifully coloured to nature,
that they render the actual dissections here recommended in
schools wholly unnecessary. = Nor, indeed, would the public
sentiment tolerate, in this country, the dissection even of infe-
rior animals in schools, and especially in female schools. Nor
is it at all called for, with the plates just named ;, which, indeed,
have been brought out by the publishers here with special re-
ference to the common schools of our state and country.

It is true that these plates are anatomical, not physiological ;
yet neither the teacher nor scholar can pursue the study of the
animal functions to any extent, without an understanding of the
structure of those organs upon which all the functions are de-
pendent. Hence, anatomy and physiology are inseparable, and
should be simultaneously cultivated, especially in schools.
And with this book and Weber’s plates alone, both sciences
may be readily taught by any intelligent teacher, even though
he or she may have heretofore neglected this study. It is
mainly for the benefit of such that the analytical questions have
been prepared, and will be found upon each page.

In using this book in schools, it is recommended that the
teacher require the pupils to answer each of the questions in
the language of the text, they having the book in the hand on
going through it for the first time; but afterwards they should
study a given number of pages in each lesson, and be prepared
to answer the questions without the book. The ingenuity of
the teacher will enable him to vary the questions and call for
different examples and illustrations on each topie, and he should
especially encourage the moral reflections which the marvellous
works of God are calculated to inspire. The drawings, or
models of human and animal structure, and of the important
organs especially, will be found greatly to increase the attrac-
tiveness of the study.

That this book may serve to simplify the subject, and prompt
to its more general introduction into the schools, is the hepe
and aim of

Tae American EbpiTor.
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EDITORS’ PREFACE.

WaiLe it has been justly objected to popular medical guides
and dictionaries, that, read under the influence of imperfect
knowledge, they tend rather to mislead than to instruct, and
probably induce more diseases than they cure, a candid mind
must regard in a very different light the various works which
have been published of late years for the purpose of conveying
a popular knowledge of Animal Physiology. The sole and
certain result of these must be, by giving a familiar knowledge
of the human organization and its laws, to put individuals into
the best possible condition for avoiding diseases—a very differ-
ent thing indeed from the attempt to cure them. The utility of
this knowledge to the non-medical community is now begin-
ning to be generally felt, though still some perhaps require to
be convinced of it. To such persons, it might be pointed out
that, though almost all, from the communications made to them
in childhood, or from their own sensations and experience, are
enabled to observe some of the more obvious laws of organiza-
tion—as, for a familiar instance, those respecting simple over-
loading of the stomach—there are others of those laws which
most persons, for want of knowledge, are constantly breaking,
to the great injury of their health. The general prevalence,
amongst men of business, of an overtasking of the brain,
amongst ladies of a neglect of out-of-doors exercise; the almost
universal over-indulgence in stimuli of various kinds; and the
tight-lacing of young females; are but a scantling of the errors
which we everywhere see around us, as the result of a want
of knowledge of the structure and functions of our physical
frames. It is only, indeed, where the infraction of any organic
law is followed very immediately by its appropriate penalty,
as simple over-eating is by indigestion, that ordinary knowledgs
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8 EDITORS’ PREFACE.

observes and records the fact. In the far more numerous, and
generally much more important class of cases, where the eﬁ'ecft
is not to be readily traced to its cause, popular knowledge is
completely at fault: nothing can there be of avail but a know-
ledge to some extent of the human organization and its laws.
It may be true that the knowledge itself will not be sufficient
to produce, in all, a proper attention to the rules of health ; yet
it is pretty clear that the knowledge may have such an effect,
while, without it, nothing of the kind can be hoped for. It
might also be expected, that, were a knowledge of our internal
organization thoroughly familiarized and made present to every
mind, public opinion would become engaged in causing indi-
viduals of a negligent disposition to observe the laws of health.
It would be thought wrong for a man, having a family depend-
ing on himself, to expose his life to hazard by daily-endured
mental exhaustion ; and a young lady, entering a room with a
waist reduced to half its proper circumference, would be shrunk
from as a kind of monster. Thus knowledge would operate,
not only in a direct way upon individuals, but through one in-
dividual upon another.

* Itis for these reasons, and under these hopes, that the Edi-
tors of the present Educational Course have long heen deeply
impressed with the propriety of introducing Animal Physiology
as a branch of study into schools. It is, at the very least, a
section of natural science of a most interesting and enlighten-
ing kind, in as far as it shows a basis in nature for many of
our most familiar impressions, otherwise apt to be themes of
wondering ignorance. For this reason alone, it might deserve
a prominent place in every liberal course of study. But its
most important end is to afford a knowledge of the laws
on which kealth depends—that element in life without which
no one can be useful or happy, while the want of it often be-
comes a spreading evil. ¢It has been objected,” says an emi-
nent writer on the science, ¢ that to teach any one to take care
of his own health is sure to do harm, by making him constantly
think of this and the other precaution, to the utter sacrifice of
every noble  and ‘generous feeling, and to the certain produc-
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tion of hypochondriacal peevishness and discontent. The re-
sult, however, is exactly the reverse; and it would be a singular
anomaly in the constitution of the moral world were it otherwise.
He who is instructed in and familiar with grammar and ortho-
graphy, writes and spells so easily and accurately as scarcely
to be conscious of the rules by which he is guided ; while he,
on the contrary, who is not instructed in either, and knows not
how to construct his sentences, toils at the task, and sighs at
avery line. The same principle holds in regard to health. He
who is acquainted with the general constitution of the human
body, and with the laws which regulate its action, sees at once
his true position when exposed to the causes of disease, decides
what ought to be done, and thereafter feels himself at liberty
to devote his undivided attention to the calls of higher duties.
But it is far otherwise with the person who is destitute of this
information. Uncertain of the nature and extent of the danger,
he knows not to which hand to turn, and either lives in the
fear of mortal disease, or, in his ignorance, resorts to irrational
and hurtful precautions, to the certain neglect of those which
he ought to use. It is ignorance, therefore, not knowledge,
which renders an individual full of fanciesand apprehensions,
and robs him of his usefulness.” * Another not less eminent
writer says—* The obvious and peculiar advantages of this kind
of knowledge are, that it would enable its possessor to take a
more rational care of his health; to perceive why certain ecir-
cumstances are beneficial or injurious; to understand, in some
'degree, the nature of disease, and the operation as well of the
agents which produce it, as of those which counteract it; to
observe the first beginnings of deranged function in his own
person ; to give to his physician a more intelligible account of
his train of morbid sensations as they arise ; and, above all, to
co-operate with him in removing the morbid state on which
they depend, instead of defeating, as is now through gross
ignorance constantly done, the best concerted plans for -the
renovation of health.”

* Preface to Dr. Combe’s Physiology
t Animal Physiology, Library of Useful Knowledge.
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As the present little treatise—the first ever prepared in this
country for use in schools—is the production of a gentleman
not only of respectable acquirements in the science, bl.lt who
has had much experience in teaching it to popular audiences,
the Editors have no doubt that it will be found peculiarly well
adapted to its proposed end.

Edinburgh, October 14, 1839.

AUTHOR’S PREFACE.

Tre method of teaching Physiology in schools, which is
recommended in this little treatise, originated from the follow-
ing circumstances:—Some years ago, while the author was
delivering, in Falkirk, a course of popular lectures on the
science, he was waited on by the late Mr. Downie, teacher of
English in the Falkirk Parochial School, who wished to receive
an explanation of some parts of the lectures which he did not
quite ccomprehend. Dr. Hamilton then learning from Mr.
Downie that he had attempted to give his pupils some lessons
on Digestion and the Circulation, immediately furnished him
with his diagrams on these subjects, agreeing, at the same
time, to examine, in a few weeks, the progress made by the
pupils. This was done, accordingly, and Dr. Hamilton was
astonished and delighted to find many of the boys well versed
in the subject, and all the children evidently much pleased
with explaining and copying the diagrams. After this period,
instructions in different parts of Physiology were regularly
given by Mr. Downie, with a success which can be appreciated
only by those who witnessed the proficiency of his scholars.
In giving these instructions, it has been found that the effectual
way to interest the children, and to make them comprehend
the necessary descriptions, is o show them the parts to be ex-
plained. When this is done, a thorough comprehension of
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very intricate structures becomes quite easy ; without it, Phy-
stology never ean be taught to children so as to be remembered.

It happens at present, however, almost universally, that before
the pupil can be taught, the teacher must himself be instructed ;
and it is this circumstance that has induced the author to append,
to each section of the present work, instructions to the teacher.
These, it is hoped, will be found both simple and requiring
little pecuniary outlay. Almost the only instruments required
to make the preparations directed, are, a scalpel or good pen-
knife, a pair of forceps (both to be had from the surgical in-
strument makers), and a saw. Let the teacher only “put his
hand to,” and he will find that a few trials will make him
quite an adept. .

Numerous wood engravings have been interspersed with the
text. The teacher should have copies of the principal of these
made, of a large size, without letters of reference, to exercise
the pupils. A good and very cheap mode of making large
diagrams, is to get a frame of the size wished, and to stretch
upon it -strong smooth machine-made brown paper.* Give
this a strong coat of whitening and size (or glue), and,
when dry, draw the figures with water-colours and size, of
whatever shades are desired. ‘Then cut them off the stretching
frame, and nail them, at the top, between a piece of tape and a
slip of wood to hang by, and between tape and a.roller below.
When smaller drawings are wished, different coloured chalks
and cartridge or drawing paper may be used, giving them after-
wards a coating of isinglass or skimmed milk. A good size
for the larger sheets of diagrams (which are in general prefer-
able) is four feet by six ; and a good colour, where particular
parts are not required to be distinguished, is burnt umber, to
be had from any house-painter.

Additional figures and information may easily be had by re-
ferring to Dr. Combe’s Physiology, Dr. Roget’s Bridgewater

* Furnished by Cowan, paper-maker, Edinburgh, at 4d. per yard,
four feet broad, and of any length. In stretching, the sheet should be
damped with a sponge, pasted on the frame, and then a hot smooth-
ing-iron passed along the pasted part to dry it first.
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Treatise, Dr. Smith’s Philosophy of Health, Animal Physiology
in the Library of Useful Knowledge, Bell’s Anatomy, Ed-
wards’s Elemens de Zoologie, Fletcher’s Rudiments of Physi-
ology, Caldwell on Physical Education, Prout’s Bridgewater
Treatise, Bell on the Hand, Brigham on the influence of Men-
tal Excitement on Health, and the various elementary systems
of Physiology, &c. To the work of Dr. Edwards the author
has to acknowledge himself indebted for many of the illustra-
tions in the following pages.

Both boys and girls received lessons on these subjects from
Mr. Downie, and the ages of the children generally ranged
from nine to twelve years. The subject seems particularly
fitted for interesting boys during the latter years of their classi-
cal studies, and it is hoped that the teachers of these branches
will find that a few hours weekly may be profitably devoted to
such lessons. If possible, the teacher should endeavour to
make the lessons of one season include sections that have a
close connection with each other; such, for example, as those
giving an account of the organic functions or at least those of
Digestion, Circulation, and Respiration. Section VIL., giving
an account of the parts employed in locomotion, and Section
IX., of the senses, contain lessons which, with a few explana-
tions, may easily be understood separately.




ANIMAL PHYSIOLOGY.

SECTION 1.

ORGANIZATION—LIFE. CLASSIFICATION OF
ANIMALS.

[AnaTomy is chiefly the subject of the following section,
and for the reason that this lies at the foundation of Phy-
siology. 'The learner should, however, first become fami-
liar with the signification of these and collateral terms.

Anatomy may be defined, the science of organization
in the healthy or physiological state. It is called Human
anatomy, when restricted to the structure of man; Com-
parative anatomy or Zootomy when it includes the infe-
rior animals, and Pegefable anatomy when it teaches the
structure of plants.

Physiology may be defined strictly as the science of
nature, and hence it was originally synonymous with Phy-
sics, or Natural Philosophy, and comprehended.both ani-
mate and inanimate beings. This term is now, however,
restricted to signify living organization, or the functions of
living bodies ; literally, therefore, the science of life, or
living anatomy. It is hence subdivided into Animal and
Vegetable Physiology, the former of which only is the
subject of this volume.

Until very lately, *the three kingdoms of nature,” ani-
mal, vegetable, and mineral, were uniformly considered
separately. The two former, however, being endowed
with life, and analogous to each other in many respects,
both by structure and function, are now classed together as
the organic kingdom, in contradistinction to the inorganic
world, which comprises the mineral kingdom.]

2 18



14 ANIMAL PHYSIOLOGY.

1. All natural objects are therefore divided into two great
classes, called the Organic and the Inorganic, the distinct-
ive properties of each of which are in general readily re-
cognised, but not easily explained. When the structure
of aninals and plants is attentively examined, parts are
found to be included, to each of which some function or
office has been assigned. To these parts the term organs
has been given, and the whole structure is consequently
said to be organized. Thus the heart and stomach of an
animal are called organs, their functions being to circulate
the blood and digest the food. Animals and plants are
hence said to be Organic Bodies. Inorganic bodies are
such as rocks, air, water, &c., which do not possess a struc-
ture of the kind mentioned.

2. Organic bodies both possess different qualities from
the inorganic, and fulfil different purposes in the economy
of the world. Animals and plants are of certain deter-
minate kinds, each kind having certain peculiarities, and
each individual of each kind passing through a certain
routine of existence, from what may be called its birth to
its death. In the first place, lffe 1s indispensable to the
existence of an animal or a plant. Of this quality we
know little more than that it is one which appears essential
to organization, and that, while it is present, organic bodies
are able, apparently through its means, to resist the action
of various agents which would alter or decompose them
if dead. Being in possession of the quality called life, a
plant or animal commences the routine of existence—takes
in nourishment from food and air, by virtue of which it
grows to maturity—is afterwards supported for a certain
space by the same means—and finally, when its purposes
in the world have been fulfilled, and it has reached the
term allotted to its species, it ceases to live, and is resolved
into the elements of which it was formed. In addition to
these peculiarities, which attend plants and animals in

1. Define organic and inorganic, organ and function, witl. examples
of each.

2.ldName individual bodies belonging to the organic and inorganic
world.

3. Points of analogy between plants and animals. ~

4. Distinctions betwseen plants and animals.
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common, animals possess parts, which give them what is
called sensibility, and which enable them to fulfil certain
purposes of a character quite apart from those fulfilled by
plants. In organic bodies, wherever there is sensation
or voluntary motion, we have an animal ; where these are
wanting, a vegetable. Bichat, an eminent French anato-
mist and physiologist, has shown still further that this dis-
tinction forms a natural division of the complex parts com-
bined in the animal system. Such parts as the heart, the
intestines, &c., which act in general independently of our
will, and without our consciousness, belong to what he
calls the vegetative or organic life. The senses and parts
that bring us into relation with our fellow beings and the
external world, he calls the animal life. The division is
so natural and comprehensive, that it has been adopted by
almost all the best writers since the time of Bichat.

3. Animals, as well as plants, are distinguished from
each other by peculiarities in their structure, some being
of very simple forms, and possessing few organs or parts,
while others are complicated in their figures and structure,
and exercise a greater number of functions. Something
like a regular progress or gradation has been observed
from the most simple up to the most complicated, and the
distinctions observed between different groups of animals
have given rise to classification, or an arrangement for
scientific purposes. The best existing classification is
that formed by Baron Cuvier, usually called from its
author the Cuvierian System, of which the following is
an outline :—

4. The Cuvierian System supposes four Divisions of
the Animal Kingdom, the first and simplest being the Ra-
p1aTA, so called because some of the more remarkable
creatures embraced by it have a rayed or branched figure.
At the time, though it is still recent, when Cuvier formed
his system, the animals placed by him in this division
had not been very attentively observed ; and it is probable

5. The doctrines of Bichat.

6. Differences between animals.

7. Whose classification ?

8 His first division and the objectinns to it.
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that, as they become better known, the propriety of clas-
sifying them otherwise will be acknowledged. Cuvier
represented them as composed of a simple homogeneous
pulp, movable and sensible, without any apparent appa-
ratus for the senses; whereas parts different from pulp,
and parts which some naturalists consider an apparatus
for the senses, have since been in many cases ascer-
tained.

5. The first of the so-called Radiata demanding atten-
tion are the Animalcules, or microscopic animals, so named
as being only observable by means of the microscope.
Apparently the simplest of these, and of all animals, is
one termed the Monad, which seems to consist of merely
a small round speck of animated matter, but is neverthe-
iess found to possess at least organs of nutrition. It is
one of a large class of animalcules, found in water in
which decaying vegetable or animal matter has been in-
fused, and thence called Jnfusoria, or Infusory Animals.
Some of these are small to a degree which the mind
cannot conceive, being only the 21,000th part of an inch
in diameter, and yet possess organs for feeding, breathing,
and volition or will. Many hundreds of varieties have
been described or classified by Professor Ehrenberg of
Berlin, who has also discovered that large strata of silice-
ous-or flinty rock under the earth’s surface are composed
of the hard parts of these minute creatures, no doubt de-
posited in remote ages from large bodies of water filled
with them.

6. The Hytadid (Fig. 1), a parasitic worm, found in the

4 human and other bodies, is larger,
but has also a very simple struc-
\\ ture. It has a head with four
suckers, and a neck communicat-
/ ing with a bag, which forms ‘its
stomach. This sac, when dis-
tended with fluid, nearly oblite-
rates the neck, and the animal

9. Describe the first of these, and their different names.
10. What is wonderful in these ?
11. Define parasitic.
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then forms simply a globular bag. One species of this
creature is sometimes found in the brain of the sheep, and
gives rise to the disease_called by shepherds sturdy or
staggers. These bodies are so exceedingly simple, that
it has been doubted whether they really are animals. An
opportunity was afforded to many gentlemen in Edinburgh,
a {ew years ago, of seeing a girl with one about the size
of a pea within the ball of her eye, in which spontaneous
motion appeared manifest. When at rest, it was nearly
globular, but every few seconds it elongated itself into
something like the form of a bottle of India-rubber.

7. Of a structure a little
more complex is the fresh-
water Polype, of which two
specimens, perched upon a
stalk, are presented in Fi-
\ gure 2. It consists merely

" of a tube, with arms or
tentacula at one extremity,
with which it seizes small
worms or insects, and con-
veys them into its interior to be digested : but of so little
importance is the surface used for this purpose, that
the animal may be turned inside out, like the finger of a
glove, without apparently suffering the slightest inconve-
pience. It may also be cut into numerous pieces,
when each separate piece will become a distinct ani-
mal; or parts of one polype may be grafted on the body
of another.

Fig. 2. Polype.

8. The Star-fish (Fig. 8), a well-
known creature, often found on the
- beach when the sea has receded, is
among the highest of the Radiata. In
it we find a stomach distinct from the
mass of the body, and teeth surround-
ing its entrance. We find, likewise,
Fig. 3. Star-fish. for the first time, parts having the form

12. Describe the hytadid.

13. What of the polype?

14. Describe the sl‘ar-ﬁsh.
2
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of feet, used in progression. In the five rays t_here are no
less than 1520 feet of a very curious construction.

9. The next division is denominated MorLusca (mol-
luscous or pulpy animals), in which we find, gradually
more and more developed, organs used for progression, a
stomach and intestinal canal, a heart, and organs for
breathing, as well as several of the senses. Indeed, in
some respects the higher orders of this
division are superior to the articulated
animals which have been placed above
them. In their senses and instincts,
however, they are generally much in-
ferior. 'The Oyster, Mussel, and dif-
ferent kinds of snails; the Clio Borealis,
a small animal found in multitudes in
the northern seas, and which forins the
principal food of the Greenland whale ;
the Naatilus (Fig. 4); all belong to
this division. The Sepio or Cuttle-fish
(from which the paint of this name is
got) is one of the highest of the molluscous division, being
possessed of vision and several other senses, as well as a
heart; besides parts that serve either as powerful arms for
seizing its prey, or feet for walking with.

10. The third division includes the Anrticulated or
Jointed Animals (ArrticuraTa), which, like the Mollusca,
may be said to be intermediate between the Radiated ani-
mals and the highest division, or Vertebrata. The Radiata
and Mollusca are generally aquatic, and limited in their
powers of motion, but the Articulata have often a very

: complete motive ap-

&)\ paratus.  Among
%V'& them also are found
all the senses, and,
for the first time, a
BRI symmetrical form of

Fig. 6. Pontohdella. the bOdy, or that

Fig. 4. Nautilus.

15. The second division of the Cuvierian system.
16. Describe these with examples.
17. What is the third division called ?



CLASSIFICATION OF ANIMALS. 19

form in which two similar halves appear to have been,
and really were, at one period of their growth, joined
together. 'This form likewise obtains in man and all the
higher classes of animals. In the Articulata, the solid
parts or skeleton are always placed
external to the rest of the body.
The Pontobdella, a species of leech
(Fig. 5),is a good example of a class
of the Articulata, whose bodies con-
sist of a succession of rings. The
g 58 Crab (Fig. 6), the Spider, the Bee,
< 1, Beetle, and Butterfly, are other
specimens of this division.

11. The fourth and last division includes a vast series
of animals, among which are seen the most elaborate ex-
ertions of creative power. The members composing it
vary exceedingly in their instincts, appearances, and other
peculiarities, but all agree in possessing an internal skele-
ton. In the simplest form in which this skeleton ever ap-
pears, the vertebral column, or back-bone, as it is usually
termed, is always present ; and hence this, by far the most
interesting and best defined division, has been called the
VerTEBRATA. In such fishes as the lamprey, the back-
bone is merely a continuous soft tbe, with slight divisions
marked upon it; but as we ascend in the scale, these
divisions become more decided, until we arrive at the
separate and solid vertebrzz of man and the higher
animals.

12. Fishes are placed at the bottom of the series of
Vertebrata—Reptiles next—then Birds—and finally Mam-
malia, or suck-giving animals, at the head of which is the
human race. Although less highly organized in other
respects, fishes have a skeleton of superior character to
some of the class of reptiles, which is in some instances
very slightly developed. The skeleton of the serpent,

18. The points of difference among these.
19. Give examples of these.

20. What is the fourth and last division ?
21. Name the fourth subdivision of these.
29. Describe their peculiarities of structure.
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one of the class of reptiles, is of a simple structure, though
comparatively of great length. It consists merely of a
vertebral column with ribs, and a head but slightly de-
veloped ; but the vertebra, or little bones composing the
spine or vertebral column, are uncommonly numerous,
being in some species three hundred, while man has but
twenty-four, and the frog only eight. As we rise to
bigher orders, the offices of the vertebrz become subdi-
vided, and new parts are added, for moving, and for seizing
or holding objects (in scientific language, for progression
and prehension), suitable to the wants of each species.

13. In the Mammalia, the division of the skeleton into
its different regions is complete. Figure 7 is the skeleton
of a man, the highest order of the class. At the top we
have the solid skull, to enclose and protect the important
brain ; the neck (a’) invariably composed, in this class, of
seven vertebre,* showing the uniformity of nature’s plan
in forming different families ; the dorsal vertebre, or verte-
bre of the back, with the attached ribs (r r) and breast-
bone (z), constituting the chest or thorax, to which the
anterior extremities are attached ; below these, the lumbar
vertebre (), forming the posterior boundary of the abdo-
men or belly; and, lower still, a strong circle of bones
called the pelvis (s s), for connecting the inferior extremi-
ties with the trunk, and for supporting the bowels. In
most of the Mammalia the vertebral column is still farther
prolonged in the form of a tail, but in man it terminates by
forming the posterior boundary of the pelvis.

[As the human skeleton here represented is one of the
most interesting objects of study for young people, it is
desirable that one should be procured for exhibition in
every school in connection with anatomical and physiolo-
gical instructions. The following additional items of in-
formation should be imparted upon this subject.

A natural skeleton is one in which the bones are con-

* The sloth appears, but only appears, to be an exception.

23. Define *‘ progression and prehension.’’
?24. To which series does man belong ?
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Fig. 7. Human Skeleton.

a’ a, vertebral column, on the top of which is the cranum. = 7, ribs,
most of which meet in the sternum, or breast-bone z, so as to form
the thorax. yy, the clavicles, or collar-bones. b, the humerus, or
upper arm-boune. ¢, the elbow. d, the radius. e, the ulna, f, the
wrist-bones. g, the phalanges, or finger-bones. s s, the bones of the
pelvis. w, the sacrum. & ¢, the thigh-bones. 17, the patella, or knee-
pan. m, the tibia. =z, the fibula. o, the ankle. p, the metatarsal
or foot bones.

25. Describe the human skeleton, as here explained.
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nected by their ligaments; but when joined by wires, it
is called an artificial skeleton.

The number of bones in the body of an adult are two
hundred and eight, besides the thirty-two teeth and ghe
eight little bones found in the thumb and great toe, being
two hundred and forty-eight in all, though some reckon
two hundred and fifty-two, by distinguishing parts of the
same bones.

The human skeleton is usually divided into the head,
trunk, and extremities.

In the head, there are sixty-three bones, including thirty-
two teeth, and of these eight belong to the skull, eight to
the internal ears, fourteen to the face,and one to the tongue.

In the trunk, fifty-three bones are found, viz. twenty-six
to the spinal column, twenty-five to the thorax or chest,
and two to the pelvis, or basin found at the base of the
trunk.

In the superior extremities, there are sixty-four bones,
including the arms, hands, and fingers; and sixty in the
inferior extremilies, comprising the legs, feet, and toes ;
the sesamoid bones of the thumb and great toe being
counted. ]

14. These parts are variously modified in different spe-
cies; but the general remark may be made, that the organs
of each are connected so closely as to enable an anatomist
to tell with certainty, from seeing a single bone, or even a
part of a bone, the general form and habits of the animal
to which it belonged. This may appear almost incredible,
but may easily be illustrated by an example. Let us sup-
pose a properly qualified person to find the broken off lower
extremity of the bone called the radius (Fig.7,d). He
could easily tell, from examining its articulations, whether
it was intended to be movable or fixed. If fixed, as we
find it in the horse or cow, then he would infer that it
served as a solid support to the body, but was not meant
to be used in seizing objects, as in man, the cat, monkeys,
&c., in all of which it is movable. But if the animal did

26. Can the form of an animal be conjectured by a single bone ?
27. What illustration is cited, and what inference is authorized 7
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not seize objects, it could have no use for claws, and would
undoubtedly in their stead have hoofs. Hoofs, again,
always imply a vegetable feeder, with grinding teeth_, a
particular form of alimentary canal, a certain conformation
of the spine, &c. ; so that it will thus be seen, that, from
this broken piece of bone, a good general idea of the size,
form, and habits of the animal, might be formed.*

15. Such reasonings as the above, it will be observed,
are all grounded upon the supposition -that the animal
frame has been put together upon rational principles.
This will become abundantly evident as we proceed with
our subject. We shall quickly discover that no organ
stands isolated, but that each has intimate relations with
the rest, always forming a harmonious whole ; and that,
whether we examine the structure of the individual parts,
or their relations, we must equally feel that all has pro-
ceeded from the hand of an infinitely wise and good
Crealor.

A proper acquaintance with the classes of the vertebrata is so im-
portant, that we have appended the following table of their chief
characters, taken from Edwards's ‘¢ Elemens de Zoologie,”” an ad-
mirable work for the student of natural history. The teacher should
have these tables iranscribed on a large scale, and as the pupil gains
a knowledge of the different organs, exercise him in the details by
frequent examinations. 1In order, also, to render more intelligible our
allusious to Cuvier’s classification, we have given a condensed view of
the vertebrate classes and orders, with examples.

An excellent plan for impressing on the minds of children Cuvier's
four great divisions of the animal kingdom, is to make a large diagram,
with drawings of each placed under their respective heads. Nume-
rous appropriate figures may be found in Dr. Roget’s Bridgewater
Treatise, vol. i., pages 165, 227, 258, 271, 283, 411, 441, 447, 530; in
Grant’s Comparative Anatomy ; and in Edwards’s Zoologie, &c.

* Dr. Buckland, in his Bridgewater Treatise, relates a fact admira-
bly exemplifying what has been stated. ~A good many years ago, a
few of the bones of an extinct species of animal had been found, be-
fore the general form of the animal was known. From these bones,
Mr. Connybeare, a celebrated geologist, set himself to construct an
animal such as he supposed that to which the bones belonged would
be. Some years afierwards, a complete skeleton of this singular
animal, the Plesiosaurus. was discovered, with which Mr. Conny-
beare’s drawing was found in a surprising degree to correspond.
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OUTLINE OF CUVIER’S CLASSES AND ORDERS OF THE VERTEBRATA.

3. Carnaria.

aa.uwaw A -
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Crass I.—MamMMALIA.

Bimana (two-handed). Man.
Quadrumana (four-handed). Monkey, Ape, Lemur.
Cheiroptera (wing-handed.) Bat.
Insectivora (insect-eating). Hedgehog, Mole.
Plantigrada (foot-walking). Bear, Badger.
Digitigrada (toe-walking). Dog, Cat, Lion, Weasel.
Amphibia (doubtful, or belonging both to sea and land).
Seal, Walrus. j
Marsupialia (pouch-nursing). Kangaroo, Opossum.
Rodentia (gnawing). Rat, Hare, Beaver, Squirrel.
Edentata (wanting teeth). Sloth, Ant-eater, Armadillo.
Pachydermata (thick-skinned). Horse, Elephant, Hog.
Ruminantia (cud-chewing). Ox, Deer, Sheep, Camel.
Cetacea (whale-like). Whale, Dolphin, Narwhal.

Crass II.—Birps.

- Accipitres (hawk-like). Eagle, Vulture, Owl.
- Passeres (sparrow-like). Sparrow, Thrush, Lark, Crow,

Swallow.

. Scansores (climbers). Parrot, Cuckoo, Woodpecker,
- Galline (hen-like). = Peacock, Pheasant, Pigeon.

Gralle (stilt-legged). Stork, Snipe, Plover.

. Palmipedes (web-footed). Duck, Goose, Swan, Pelican.

Crass III.—REePTILES.

- Chelonia (tortoise-like). Tortoise, Turtle.

. Sauria (lizard-like). Crocodile, Lizard, Chameleon.
- Ophidia (serpent-like). Viper, Boa, Serpents.

. Batrachia (frog-like). Frog, Newt, Salamander.

Crass IV.—FisnEs.

- Acanthopterygii (thorn-rayed). Perch, Mackarel.

. Malacopterygii (soft-rayed). ~Salmon, Cod, Herring, Eel.
- Lophobranchii (loop-gilled). Pike-fish, Pegasus.

- Plectognathi (jaw-joined).” Sunfish.

- Chandropterygii (gristle-rayed). Shark, Lamprey, Stur-

geon.

28. What classes and orders in this table ?
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CHIEF CHARACTERS OF THE CLASSES OF THE VERTEBRATA.
MAMMALIA. Birps. RepTiLES. Fisugs.

| |

| Viviparous. Oviparous.

With teats.

Without teats.

Globules of

|blood circular.

Globules of blood eliptical.

Blood warm. 1 Blood cold.
Breathe by lungs. Breathe by gills.
Respiration ' Respiration Respiration simple.
simple. | double.

Circulation double complete. | Circulation Circulation
double incom-| double com-

plete. plete.

Heart with four compartments.

Heart usually | Heart with 2
with 3 compart- compartments.
ments.

Skin furnished| Skin furnished
with hairs. | with feathers.

Skin naked or furnished with
scales.

Members or-
ganizedingene-
ral for walking:

Anterior mem-
bers organized
for flight.

Members orga-|

EsL
Members orga-
nized in gene-

nized for swim-|

ral for walking.

ming.

29. Enumerate the chief characters in the vertebrata.
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SECTION II.
MASTICATION—DEGLUTITION—DIGESTION.

16. The details which follow, refer, for the most part,
to the sciences of Anatomy and Physiology, the former of
which treats of the structure of animals, the latter of their
functions, or of those phenomena which are peculiar to
life. It is chiefly of the Physiolooy of the higher Verte-
brate Orders, and particularly of Man, that we dosign at
present to give some account; and in doing this we shall
keep in view the important division of Bichat, into the
organic or vegetative, and the animal or relative functions,
although a slight departure from it will occasiunally be
necessary, to give connection, and to prevent repetition.

17. The first,because the most essential, processes which
engage our attention, are those which relate to the intro-
duction of food into the body, its digestion, and its assimi-
lation.

18. It has hitherto been supposed that many of the lower
and more minute creatures possess no cavity for the re-
ception of nutriment, but are supported by the absorption
of aliment through the outer surface. Of late, however,
so many animals of this obscure kind, formerly thought
stomachless, have been discovered to possess alimentary
cavities, that it is now probable that no creature whatever
is altogether deficient in a stomach. In the Infusoria,
such an opening has been discovered, in some instances
surrounded on the outside by cilia, or a series of hairs,
the office of which seems to be to draw food towards the
mouth. In the Polypes we find the orifice of the alimen-
tary cavity surrounded in like manner by featacula, or
long string-like arms, with which they seize their prey,
and convey it to its proper receptacle. In the star-fish the
opening of the stomach is surrounded with teeth, and the
cuttle-fish, of the division Mollusca, possesses, in addition

30. Define Anatomy ;—and Physiology.
31. What processes seem most essential to life ?

32. What is now probable in regard to the animal creation ?
33. Name some of the varieties of structure.
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to its numerous tentacula, a strong beak, like the parrot’s,
for crushing the shell-fish on which it lives. In Insects
we find mandibles and a proboscis or trunk, with a thou-
sand other modifications leading us up to the regular mas-
ticating apparatus of the vertebrate division.

19. This masticating apparatus consists of several
parts. We have, Ist, the teeth for seizing or dividing the
food ; 2d, the glands which secrete the fluid for moisten-
ing the food and mouth ; and, 3d, the tongue and other
muscles which move the food from side to side, or carry it
backwards to be swallowed.

20. From what was formerly said, it must be evident
that the 7eet/ are parts of great importance to the zoologist.
They at once give him decisive indications of an animal’s
habits, conformation, and other qualities. In the adult
man they are thirty-two in number, and consist of four
different kinds, namely, 1st, of eight incisors, or cutting
teeth, in front ; 2d, of four cuspidati (pointed), or canine
teeth ; 3d. of eight bicuspidati, or small grinders; and,
4th, of twelve molares, or proper grinders. The molares
are flat-crowned in the horse, and in the other Herbivora,
while the canine are either wanting, or, as in the horse,
are rudimentary ; that is, imper-
fectly developed. The canine are

Yy largely developed in the lion (Fig.
. 8), and in the Carnivora, or flesn-
eating tribes, generally, which have
also the molares pointed instead of
flat. In insectivorous animals, such as the mole and

e hedgehog. the molares are formed as in Fig. 93

whlle in the shark (Fig. 10), and other fishes,

Fie o Which swallow their prey entire, the teeth are

&™ all of the same pointed form, and are numerously
set, even on the lips, sides of the mouth, and throat.

Even the degree in which an animal is carnivorous, or
otherwise, is marked very accurately by the more or less

1"z ¢« Bones of‘Lion“s Head.

34. What are included in the masticating apparatus ?

35. What of the teeth ?

36. Enumerate and classify the human teeth in an adult.
37. How in herbivorous and carnivorous animals ?

38. How in the mole, and shark ?
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pomnted form of
the teeth. Thus,

QY . among the Car-
W the 'lion

nivora,

and others of the
cat tribe are found
to have all the
molares pointed
except two, which are rounded; while ferrets and pole-
cats have four, and dogs eight, rounded. The teeth of
man seem to approximate him, in this respect, to fami-
lies such as we find among the Quadrumana, or monkey
tribes, which, in their natural state, live principally upon
fruits, but do not refuse also various kinds of animal food.

21. Nothing can be more plain than nature’s intention
in thus varying the forms of the teeth. Without any ex-
ception, these variations have the most precise relation to
the instincts of each tribe. It is quite impossible that the
sharp teeth of the tiger or shark could ever be used for
grinding food, like that of the cow or the horse, or that
the teeth of the latter could be intended for seizing or tear-
ing flesh ; and this becomes still more striking, when we
observe how the jaws in which the teeth are set have been
articulated. In the Carnivora, as the teeth merely cut,
the jaws are jointed like the blades of a pair of scissors;
but the jaws of the Herbivora, and of Man, allow of a grind-
ing motion. This motion, in the cow and horse, is from
side to side, or nearly circular; in the Rodentia, as the
rat, &c., the grinding motion is rapidly performed ina
longitudinal direction.

22. The human teeth are composed principally of two
substances, the enamel, and the ivory, or bone. The enamel
is placed externally and on the body of the tooth, and forms
only a thin layer. It has ninety-eight per cent. of earthy
matter in its composition, and is so hard as to strike fire
with steel, and is viewed by physiologists as void of vitality,
so that when once formed, the teeth never increase in size,
and when any part of the enamel is‘destroyed it is never

Fig. 10. Shark’s Jaw and Teeth.

39. What indications may be drawn from the teeth ?
40. What pgc.uharilx in the form and motion of the jaws?
41. Composition of human teeth and the difference.
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regenerated. The internal part of the tooth, or ivory,
approaches more to the nature of bone, and is shown to
possess vitality, from its capability of adhering to other
vital structures. It was owing to this property that Duha-
mel, a physiologist of the last century, and others, were
able to transplant the teeth of one person into the jaw of
another, to make them grow upon the combs of cocks, &c.
Transplanting sound for decayed teeth, threatened, indeed,
at one time, to become but too common among the better
ranks, until, happily for the interests of humanity, it was
discovered that this practice produced disorders more seri-
ous than the deficiencies intended to be supplied.

23. Other animals have the enamel differently distri-
buted. The horse, elephant, and other Herbivora, have
layers of it which penetrate interiorly. These, from being
harder than the surrounding ivory, are longer of wearing
down, and hence form projecting ridges, of great import-
ance in triturating their food. The incisors of the beaver,
and other Rodentia, want the enamel posteriorly, and, for
the same reason, wear soonest in that direction. As a
consequence, they always preserve a sharp edge in front,
which is of the greatest importance to this gnawing order.

24. The teeth furnish a beautiful example of what has
been justly denominated a prospective contrivance. Their
presence above the gums at birth would have been only
an annoyance. Accordingly, they are then wanting ; but
nature, which anticipates our needs, places them deep in
the jaw, even before birth, to appear in due season. Ifa
section of the jaw of a young animal be made, some of the
teeth may be seen just beginning to be formed—others
cutting through the bone—while others are passing through
their last covering, the gum.* In the child, the teeth gene-
rally begin to appear from the sixth to the twelfth month,

* [There is a slight i inaccuracy here, for the teeth are not in the jaw-
bone as here intimated. There is p’:\ced along the edge of eac
the jawbones, a bony process which is covered by the gums, but whl(.h

is distinet from the jaw. 'This bony structure contains the rudi-
ments of the teeth, and seems to sprout out along with the teeth in

42. How is the vitality of the bony part proved 7 illustrations ?
43. Peculiarities in certain animals. y
44. What of the rudimental teot3h in young animals ?

*



30 ANIMAL PIYSIOLOGY.

and the first or milk teeth, twenty in number, are usually
completed about the third year. These again begin toshed
about the seventh year ; and the second, or permanent set,
isnot complete until about the sixteenth or eighteenth year.
25. In the process of shedding, the crown, or that part
of the tooth which is coming forward, presses upon the
fang of the one already occupying the jaw, and causes ils
absorption. It is the impossibility of growth, in conse-
quence of the non-vital nature of the enamel, which ren-
ders the renewal of the teeth necessary. In consequence,
also, of the jaw, during youth, increasing its dimensious,
mostly posteriorly, it is necessary that the number or the
teeth should be increased, in that situation, in order that no
part of the jaw may be unfurnished. For this reason,
about the time when the human being reaches maturty,
a new tooth rises at each extremity of the range, being
four new ones in all, which, from the time of their appear-
ance, are called the wisdom feeth. There are some teeth
which animals of other species do not shed. The in-
cisors of the Rodentia, and the grinders of the elephant,
&e., continue to grow during the whole life of the animals.
26. The second part of the masticating apparatus, is
that which moistens the food and mouth. The fluid em-
ployed for this purpose is tasteless, and is called saliva.
It is produced by six bodies called glands, two of which are
placed near the angles of the lower jaw (submaxillary),
two under the tongue (sublingual), and one on each side,
immediately before the ears (parotid). All these open
into the mouth by means of small tubes or ducts—the four
first under the tongue, the two latter on the inside of the

their growth to maturity, and is found to be absorbed after the teeth
have been removed, as in advanced age, leaving the jawbone only
covered by the lining membrane of the gums. 'T'his bony process is
called the alveola, or alveolar process, into which the teeth are in-
serted, and being an appendage both to the teeth and the jawbone, it
serves to impart great solidity to their attachment, and render their
extraction difficult. The pieces of bone which cometimes come out
with the teeth when awkwardly extracted, are not parts of the jaw-
bone, but pieces of this alveolar process, or bony socket of the teeth
The gum is the soft part covering this bony process.]

45. Describe the progress of teething in infancy.
46. Wherein is the wisdom of this arrangement seen ?
«7 How is the posterior part of the jaw supplied at mature years ?
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cheeks, opposite the second or third molar teeth of the
upper jaw. The fluid trickling from the latter may be
seen at any time by turning out the cheeks, and watching
their small openings. Its flow is seen to be increased by
pressing with the finger from the ear forwards. The
camel is supplied with additional salivary glands in its
throat, which are of great service in its long journeys over
burning deserts. Fishes, again, from living in water, and
masticating but little, do not require, and are therefore
destitute of, salivary organs.

27. The muscles of the tongue, cheeks, &c., which bring
the food under the influence
of the teeth, and pass it back-
wards into the gullet, form
the third and most curious
part of the masticating ap-
paratus. Indeed, this, which
we shall examine in connec-
tion with deglutition, or’ \[\\
swallowing, is undoubtedly '
among the mostadmirable and
wonderful of the bodily pro-
cesses. During the comminu-
tion of the food the mouth
forms a shut cavity, bounded
by the closed lips anteriorly, gz -——_] ‘
the cheeks laterally, and the
root of the tongue and the
curtain of the palate brought
together posteriorly. In Fig.
11, which represents the
throat or pharynx cut open
behind, d is the curtain
(velum palati), with its cen-
tral dependent part called Fig11. Back of the Pharynx cut open.*

* a g, the nostrils. b, the mouth. ¢, the tongue. d, the curtain qf
the soft palate. e, the glottis, opening into the windpipe. g, the epi-
glottis. i, the gullet, %, tne windpipe.

48. What difference in other animals?- ;
49. Describe the salivary apparatus, and illustrations.
50. How is the food passed into the stomach ?
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the wwvula, and ¢, the tongue. When the food has been
properly moistened, and broken down, it is rolled into the
form of a ball, and is passed backwards by the tongue and
other muscles into-the pharynz, which may be conceived
of as a kind of bag, having the nostrils (¢a) opening into
it from above ; the mouth (b) opening below these; the
glotiis (e), and the gullet, or wsophagus (i), still low¢;r;
besides two other openings called Eustachian tubes, which
open on its sides, and lead to the internal ear.

28. Before the food can get into the pharynx, the cur-
tain SJ), which we have said is, during mastication, applicd
closely to the root of the tongue, must be lifted up. But
if’ nothing more were done, the food or drink might pass
from the pharynx into any orall of the openings mentioncd,
the inconvenience attending which, every one has experi-
enced when a morsel of food or a little fluid gets into the
nostrils or the windpipe. This, however, is effectually
prevented, for the curtain is not only lifted up, bat is also
instantly applied closely to the back of the pharynx, so as
to cut off the communication with the nostrils, and close the
Eustachian openings ; while, at the same instant, the sides
of the glottis, or opening into the windpipe ((?, are drawn
together, and a gristly substance, the epiglottis (g), is
folded back over it. The food, being still forced back-
wards, passes rapidly over the epiglottis into the gullet (@),
the ouly opening it can now escape by, and from it is car-
ried downwards into the stomach.*

* It is_exceedingly difficult for a person who has not made these
parts and actions his study, thoroughly to comprehend them. The
action of the curiain, perhaps the most nteresting of the whole, may
easily be exemplified in the lollowing manner :— We have said first,
that the mouth, during masiication, forms a shut cavity, the curtain
being applied closely 10 the Toot of the tongue. "I'he same takes place
when the cheeks are distended with air. If the communication were
not then cut off posteriorly, the air would escape by the nostrils. We
may even feel the curtain forced back when the lips are kept firm and
the distended cheeks are pressed with the fingers. Secondly, we have
said that the curtain is litied up and applied o the back of the pharynx

51. Describe the s:ructure of the mouth and throat.

52. How is the food kept out of the nostrils posteriorly 7
53. How is the windpipe protected 7

A4. Describe the act of deglutition,
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29. Complicated as these different actions may appear,
we know how accurately they are all performed many
hundred times daily, in swallowing our %aliva, and in
taking food and drink. They may be divided into three
kinds; first, those of the cheeks, tongue, and sometimes
the curtain, which give us sensations, and are voluntary ;
secondly, those of the pharynx, which still produce a sen-
sation, but which can be called into operation only when
the food or drink comes into contact with thie pharynx ;*
and, thirdly, those of the gullet, which are performed al-
most entirely without our consciousness.

30. 1n the examples hitherto adduced, we have found
mastication to precede deglutition. Other animals, how-
ever, swallow their food first, and comminute it after
wards. This is the case with the lobster, the grasshopper,
&c., which have their teeth immediately connected with

during deglutition, in order to cut off the communication with the nos.-
trils. To show that this is the case, attempt to swallow some flnid or
saliva from the mouth, and at the same time keep the cheeks distended.
This will be found impossible, becau:e, the moment the curtain is
lifted up, the compressed air escapes by the nostrils. As an example
of the curtain being applied to the back of the pharynx, blow smartly
through the mouth, when it will be found that not a particle of air
escapes by the nose. The communication with the nose must there-
fore be cut off. Again, when we blow through the nose, though the
mouth be kept open, no air will escape by it. The curtain must there-
fore be applied to the tongue ; nay, while blowing through the nose,
we may even see this in the mouth of another, or feel it with our finger
_in our own. Children born without curtain and palate never can
suck, because they cannot make the mouth a shut cavity ; and, in
this case, or where these parts have been destroyed by disease, deglu-
tition is always difficult.

To form a proper conception of the other parts concerned in deglu-
tition, a preparation, like the one described at the close of this section,
must be seen.

* The simple experiment of swallowing our saliva several times in
rapid succession, illustrates this well. As long as there is saliva to
come into contact with the pharynx, deglutition can be performed ;
when the saliva is exhausted, our power over these parts is gone. Mr.
Mayo thinks the muscles in this case are fatigued and cannot act.
This is evidently incorrect, for they instantly actagain with ease when
saliva is furnished.

55. How many and what organs are employed ?
56. Are all voluntary actions ?
57. Illustrate those that are involuntary.
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their stomachs. One species of the latter has no fewer
than two hundred and seventy teeth. The same purpose
is served by the gizzards of granivorous birds, only that
the grain is ground between two hard horny surfaces,
which act like millstones, their effect being increased by
numerous small stones swallowed instinctively by the ani-
mal. As many as two thousand of these stones have been
counted in the gizzard of a goose.

31. The processes which have been described are all
preparatory to the digesiion of the food, and this takes
place in the stomach and intestines. ~Substances received
into the stomach as food must necessarily undergo many
changes in their composition before they are fitted to form
part of the animal body, but the extent of the change re-
quired is proportionate to the difference between the quali-
ties of the nutritive materials in their original and in their
assimilated states. Thus, the conversion of vegetable into
animal matter necessarily implies a more lengthened pro-
cess, and a more complicated apparatus, than the assimila-
tion of what has already been animalized. The cow eats
grass, aud converts it into flesh, by passing it through a
series of very complicated organs; and we, in our turn,
eat the flesh of the cow, and convert it into the substance
of our bodies, but we employ for this purpose a much less
complex machinery. As a substitute for such assistance
as the cow lends in this case, man has invented the art of
cooking, by which he is enabled to extract nourishment
from substances that to him in their natural state are quite
indigestible. Hence he has much greater variety in his
food than any other animal.

32. The agent which nature employs to bring about the
decomposition of the food when it arrives at the stomach,
is called the gastric juice.  'When milk is taken into the
stomach, the active principle of the gastric juice imme-
diately separates the fluid from the solid parts, and this is

58. What animals swallow before mastication? and why 7
59. What instinct of certain birds is remarkable ?

60. What is said of digesting vegetable and animal food ?
61. What of the cow.

62. What of the gastric juice.
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the reason why milk is always curdled when it is vomited.
This priuciple in the calf’s stomach, called the runnet,
when infused, is used for the same purpose in dairies.
33. A good many years ago, Dr. Stevens of Edinburgh
showed very satisfactorily the action of the gastric juice on
various substances, by enclosing these in silver balls, per-
forated with holes, which were swallowed by an itinerant
German, who went about exhibiting the singular power
he had acquired of swallowing stones, &c. In one of
these balls, divided by a partition, were enclosed four and
a half scruples of raw beef, and five scruples of raw fish.
In twenty-one hours the beef had lost one and a half
scruples, and the fish two scruples. In another ball was
placed some beef which had been previously chewed;
and in thirty-eight hours after it had been swallowed, it
was found quite empty. The balls, in other experiments,
contained pieces of roasted turkey, boiled salt herring, raw
potatoes and parsnips, and apples and turnips, both raw
and boiled, which disappeared in thirty-six hours. He
also enclosed in the balls live leeches and worms, which
were found, upon examination, not only dead, but com-
pletely dissolved. Most probably they were first killed
by the high temperature of the body, and were then acted
on by the gastric juice, for we observe that this fluid has
no action on a body as long as it retains its vitality. Dif-
ferent kinds of worms which naturally inhabit the stomach
and intestines, remain free from its mfluence so long as
they are alive, but whenever they die, they are either
digested or evacuated. In accordance with the same law,
there is the curious observation made by Mr. John Hunter,
the truth of which has since received repeated confirma-
tions, that the gastric fluid actually, in some cases after
death, dissolves and perforates the stomach itself and sur-
rounding structures. Dr. Stevens, in another series of
experiments, found that the gastric juice of dogs produced
no effect upon vegetables, but easily dissolved flesh, bones,

63. Describe Dr. Stevens’s experiments, in the stomach ofa German,
64. Mr. Huuter's observation.
65. Dr. Stevens's experiments.
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and even ivory, while the same fluid in the sheep or the
ox made no impression on beef, mutton, or other animul
bodies, but acted energetically on vegetable substances.
#4. Dr. Beaumont, of America, enjoyed a rare ojpor-
wnity of observing the qualities of the gastric juice, and
the process of digestion in the human body. A young
Canadian, called Alexis St. Martin, who had received the
contents of a musket in his left side, after recovering from
the effects of his wound, had an opening left into the
stomach, through which its operations and contents could
be seen and examined. At first this opening was attended
with inconvenience, but afterwards a fold of the stomach
became fitted to it and filled it up, acting like a valve, so
that it could be pushed inwards at pleasure. Dr. Beau-
mont having hired this young man as his servant, made a
most elaborate and careful series of observations on differ-
ent parts of the digestive process, which he has published,
and which are well worthy of a perusal. 'To show the
properties and action of the gastric juice, we shall here
state a few of these. It had been noticed by previous ob-
servers that the fluid obtained from the stomachs of ani-
mals is sometimes not in the least acid; but Dr. Beau-
mont has shown, that though this fluid may show no
acidity at other times, during digestion, or even when the
stomach is mechanically irritated by an India rubber tube,
the bulb of a thermometer, &c., it is always acid ; and the
acidity which is caused principally by a small quantity of
muriatic acid (spirit of salt), appears to be essential to the
proper performance of digestion. Dr. Beaumont fre-
quently obtained at one time as much as an ounce of the
gastric juice, which appeared to him to be poured out into
the stomach of his patient by numerous minute clear
points. He says it is a clear transparent fluid, without
smell, slightly saltish, and very perceptibly acid. Its taste
resembles that of thin mucilage, slightly acidulated with
muriatic acid. It undergoes putrefaction with difficulty,
and checks its progress in other animal substances. In

66. Dr. Beaumont’s patient, and experiments.
67. Describe the gastric juice, and its effecis upon food.
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one of the experiments, St. Martin dined at one o’clock on
roast beef, bread, and potatoes. In half an hour the con-
tents of the stomach were found to be reduced to a mass
resembling thick porridge, and by six o’clock the whole
had been dissolved and carried out of the stomach. In
other experiments, Dr. Beaumont shows that vegetables
are much more rapidly dissolved than animal substances,
and some of the latter more quickly than others of the
same kind. Thus, fried tripe was digested in one hour;
boiled cod, and likewise bread and milk, in two hours ;
roasted beef, and also soft-boiled eggs, in three hours;
salted pork in four and a half hours; hard-boiled eggs in
five and a half hours ; and an unusually full meal of salted
pork required six hours for digestion. Other experiments,
similar to those of Dr. Stevens, were also made, in which
St. Martin breakfasted on fried sausages with coffee and
bread, while portions of the sausage, enclosed in a muslin
‘bag, were placed in the stomach. In three hours the
stomach was half empty, and the contents of the bag about
half diminished ; and in five and a half hours the stomach
was empty, and the bag contained only a few small pieces
of gristle, and the spices of the sausage.*

85. We have oceasionally examples of the power of the
gastric juice over still more solid bodies. Cuvier opened
the stomach of an ostrich, which contained nearly a pound
of bits of iron, copper, pieces of money, &c., corroded and
worn down by attrition. Even the human stomach has a
similar power, though less (requently called upon to exer-
cise it. An American sailor, who died in one of the Lon-
don hospitals in 1809, had swallowed during the ten
previous years no fewer than thirty-five clasp-knives.

* The gastric fluid has been found equally to produce its specific
effects when subsiances are submiited 10 its action out of the body.
It has lately been ascertained that a fluid very similar in its properties,
may be produced by mixing the dissolved mucus of the stomach with
a little muriaiic acid. ‘I'he mixture pussesses different properiies from
either fluid singly. A brief accourt of the case ot Alexis St. Martin
is given in Dr. Combe’s work on Digestion, and in Mayo’s Physi-

ology, and a larger account in a separate volume is published by Dr.
Beaumont in America, and republished in this country by Dr. Combe.

68. Illustrate the power of the gastric juice by examples.
4
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Corroded fragments of upwards of thirty of these were
found in the stomach after death. Other cases of the
same description have since been recorded.

36. The intestinal canal is divided into the sfomach
(Fig. 12, b), small in/estiues. (d :/'.), and large intestines
(e e€); all of which are contained in the abdomen or belly,

Fig. 12. Stomach and Intestines.*

and are seen in their natural situation in Fig. 21. They
are all composed of three coats. The outer or serous
coat is the smooth surface we see on opening the belly of an

*a, the gullet. b, the left or cardiac extremity of the stomach. ¢,
the right or pyloric exiremity of the stomach. = d d, the small intes-
tines. eee, the large intestines. g, the duodenum or commencement
of the small intestines. I, the liver. £, the duct from the liver. m,

the gall bladder. i, the common duct. =, the pancreas or sweet-
bread. o, the spleen.

69. What division is made of the intestinal canal ?
70. Describe the mesentery.
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animal, the two layers of which unite behind the bowels
to form the mesentery (Fig. 13, ¢ ¢), which attaches the
intestines to the back-bone ; the middle is the muscular
coat, which produces what are called the peristaltic or
vermicular (worm-like) motions, which take place in the
propulsion of the food downwards ; the inner is the mu-
cous coat, of a soft velvety texture, which produces all the
fluids peculiar to this canal.

37. When the food is taken into the stomach, it enters
by the left or-cardiac opening (Fig. 12, 5). The more
fluid parts are quickly absorbed, and the solids begin to be
acted on by the gastric juice. A moderate portion of animal
food, as has been stated, is dissolved in about two hours, and
an ordinary meal generally in about double that time. As the
solution advances, the dissolved parts are gradually moved
by the action of the stomach towards the right opening (c).
This portion is thicker than the rest,and is called the pyloric
orifice,{rom its supyposed resemblance toa porter,in prevent-
ing the escape of the undissolved food. The dissolved food,
here gathered, receives the name of chyme; it is a gray-
ish, pulpy matter ; always, in a healthy state, slightly acid.
It passes in successive portions, from the stomach into the
first part of the intestines, called the duodenum (Fig. 12,
g)- where it mixes with the bile and alkaline fluid poured
out by the Ziver (I), and with the pancreatic juice, a fluid
somewhat resembling saliva, which comes from the pan-
ereas, or sweetbread (Fig. 12, n), a gland that lies behind
the stomach. Immediately after this mixture, an alter-
ation takes place upon the mass, and it is found to sepa-
rate into two parts, one of which is carried out of the
system by the bowels,* while the other, called the chyle,

[* This process by which the useless portion of the food is carried
off is called excrementi‘ious, and is indispensable to health. The
bile secreted by the liver, appears to be the agent specially active in
propeliing this rejected mass downward, and upon the healthful con-
dition of the bile, both in quantity and quality, depends the regularity
by which this function is performed. The peristaltic motion of the
bowels seems to be produced by the bile, and when this is absent, a

substitute has to be found in some drag of similar properties, to over-
come or prevent constipation.]

71. The coats of the intestines.
72. What propels the food downwards, and what is it called t
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or the nutritious part of the food. is taken up, principally
from the small intestines, by innumerable minute vessels.
These have received the name of /ac’eals, from the milk-
white appearance they present when extended with chyle,
and they are said to terminate on the inner or mucous
coat of the intestines by open mouths. Figure 13 shows
the lacteal vessels (4 b) coming from part of the small in-
testines named the jejunwum (A). The membrane c ¢,
named the mesentery, is that by which the intestine is
confined to the spine. The lacteals have a beaded ap-
pearance, from the valves with which they are thickly
farnished to prevent the return of the chyle. This fluid,
: i RmE

b
Fig. 13. Lacteals and Jejunum.

A A, a portion of the small intestines (jejunum). bbbb, lacteal
vessels. ¢ cec, the mesentery. dd, mesenteric glands. ff, the re-
ceptacle of the chyle. g, thoracic duct. & &, lymphatic vessels from
other parts of the body. 1, the aorta.

73. Name the two openings of the stomach, and relations.

74. What becomes of the fluid and then of the solid food ?

75. What is chyme?

76. Where does the food pass from the stomach, the chyme ?
77. What fluids does it mix with there, and what takes place t
78. What vessels take up this chyle, and in which intestine 1
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in passing through them, traverses small bodies called
mesenteric glands (), in which it probably undergoes
some alterations. As it advances, the lacteals unite more
and more, until they terminate in a vessel called the re-
ceptacle of the chyle (f), where the chyle mixes with
lymph, a fluid brought from other parts of the body. In
the accompanying engraving, other absorbing vessels (A /)
are seen coming from other parts of the body, also to unite
in the receptacle of the chyle. The compound of lymph
and chyle then passes through the terminating branch of
this system of vessels, called the thoracic duct (g), a little
larger in man than a crow-quill, and by it is poured into
veins near the neck, to be mingled with, and to become,
the blood.

38. The powers which move the chyle in this course
are not well understood. but are considerable ; for when
the thoracic duct of a live animal is tied, the force from
behind suffices to rupture it. The properties of chyle
somewhat resemble those of blood. When poured from
the thoracic duct, it has a slightly pink colouar, and, like
blo~d, separates, upon standing, into a solid and a watery
part.

39. These details may serve to give some idea of the
process of digestion in man, and animals like him. Among
the Ruminantia, or those animals which chew the cud,
there is not one, but a series of stomachs, the curious
structure of which is familiar to every one in the article
of our food called tripe. Figure 14 represents the four
stomachs of the sheep cut open, e is the gullet opening
into the first stomach or paunch (1); the second (2)is
called the reticule or king’s hood ; the third (3) the many-
plies; and the fourth (4)the red, which is the ouly one
having an inner surface likke the human stomach. P
shows the situation of the pylorus.  The Ruminating fa-
mily possess a voluntary power over their stomachs,
which we and most other animals want. They are able,
at pleasure, to bring up, into their mouths, the food which

79. Where and how s it then carried, and what mixture takes place ?
80. By what vessel does it pass info the veins, and meet the blood ?

81. Does the chyle resembhle blo?j,d?
»*
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Fig. 14. Section of Stomachs of the Sheep.

has been macerating in the fluids of the paunch and
king’s-hood, to be again masticated. They then pass it
directly into the many-plics, to circulate between its leaves,
before getting into the fourth stomach.

40. The object in view in the whole of this apparatus,
is the detention of the vegetable food, and the exposure of
it to a large surface. The calf passes its animal food, the
milk, directly to the fourth stomach. We can note a
similar object constantly kept in view in the comparative
lengths of the intestines in different tribes. 'Thus, the
ram has these twenty-seven times the length of its body,
the ox twenty-two times, man five and a half times, the
lion three times, and the shark little more than three-
fourths of its length.

41. The stomach may be regarded as a kind of centre,
with which every part of the animal economy sympa-
thizes. It is well known that a violent blow in this region
has frequently proved instantly fatal; a sudden draught
of cold water, when the body is warm, sometimes has the
same effect. Professor Christison mentions, that when he
injected a poison, called oxalic acid, into the stomach of a
dog, death took place instantaneously, and before it could

82. How do the rumirant animals differ from man in respect to the
stomach ?

83. Describe that of the sheep.
84. Wherein do the iniestines of animals differ ?
85. What illustrates the vital importance of the stomach ?
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possibly have been absorbed into the system. Itas from
this extensive sympathy that the feelings of hunger and
thirst must, for the most part, be regarded as indications
merely of the general state of the body. Grief and care,
overtasking the brain, by long-continued study, indolent
inaclivity, oppressive labour, every act or habit, in fine,
that has a tendency to destroy health, also impairs our
appetite for food. The stomach is, in general, a faithful
monitor, serving to warn us when we are violating those
laws which the Creator has prescribed as necessary to
preserve in perfection the animal frame.

42. It can easily be understood how important is the
proper performance of the digestive functions. The cir-
cumstances most essential in securing this are—Ist, and
above all, an originally sound constitution. Without this,
some part of the animal machincry will continually be
found going wrong, and, perhaps, more than any other,
the digestive organs. 2d, Temperate habits, regular ex-
ercise, and a cheerful mind. #d, A proper quality and
quantity of food. The lower orders in this eountry suffer
from the quality of their food, which is often very indi-
gestible ; the better ranks suffer more from the quantity
taken. In both, the bad effects are most marked when
combined with sedentary or intemperate habits.

43. The alimentary canal is liable to many diseases,
and among the most common is inflammation, which af-
fects it variously as its different coats are attacked. When
the outer or serous coat is attacked, pain upon pressure is
generally intense ; when the muscular coat is attacked
there is generally violent twisting pain; but its principal
effects are shown in impediments to the passage of the
excrement, constituting what is commonly called iliac pas-
sion. When the mucous or inner coat is inflamed, it
quickly becomes softened or ulcerated (eaten away), and
vomiting, purging, or both, are its effects. In the cholera
of this country, the whole extent of this coat is frequently

86. Does the mind affect the stomach?

87. What reflection is suggested?

88. How may we promote healthy digestion?
89. What of the diseases of the intestines ?
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affected ; in dysentery it is principally the lower portion
of it which suffers.

44. The mesenteric glands (Fig. 13, d d) occasionally
become diseased in childhood, and prevent the chyle from
properly entering the system. Children thus affected
present the singular spectacle of eating voraciously, at
the same time that they are becoming more and more
emaciated.

The teacher will increase the interest of this section, by exhibiting
the arrangement of the teeth and jaws in the dog, cat, stieep, hare,
haddock, &ec. A horizontal section ot a horse’s molar tootir polished
shows the enamel going in:o the interior. In preparing the skulls or
bones of any animal, all that is required is to allow them 10 macerate
in water till the flesh rots off, and then c.ean them.

I'o show the parts concerved in degluution, take a sheep’s head,
being careful that ihe butcher has lefi the upper part of the windpipe
uninjured. Saw through the whole of the skull and the brain per-
pendicularly downwards, half an inch anterior to the horns; foreibly
separale these two portions of the skull, and detach the posterior
from the articulations of the lower jaw and ihe soft paris with a
scalpel, the finger being pushed upwards nto the gullet as a guide to
prevent the pharynx being injured. 'I'his being done, the back part
of the pharynx and gullet may be laid open, and the parts seen as in
Fig. 11. The lowest portion of the gullet should not be cut, aud a
cork may be placed in it to show its course. When this has been
examined properly, the tongue may be detached from the lower jaw
by cutting close to the latter, and its connections with the epiglottis,
&ec.. seen  U'his preparation is easily made, and at once gives a péer-
fect conception of these complicated parts even to children.

To see the intestinal canal, &c., the abdomen of a hare or rabbit
may be opened. 'The mesentery, liver, stomach, small and large
intestines, &c., may be seen ; but the latter are considerably differ-
ent from the human. The sheep’s stomachs, as in Fig. 14, are
easily got and examined. 'T'hey should be cut open as shown, and
merely well washed with cold water. Note in them the channel
formed from the gullet, and the vicinity of the latter to all the sto-
machs, the great increase of surface produced by their internal struc-
ture, foldings, &c., and the thick pylorus at the exiremity of the
fourth stomach.

In the fowl, the gizzard is a curious object, with its glandular
stomach above, and the intestines going off from it on one side.

A short intestinal canal is well seen 1n the haddock, &ec.

As comparatively accessible books in which other appropriate
figures to illustrate this section are to be found, we may mention Dr.
Roget’s Bridgewater Treatise and Dr. Smith’s Philosophy of Health.

[The directions given in this note are more curious than useful for
practical purposes, especially in the schools.]

90. The effect of early disease in the mesentery.
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SECTION III.

THE CIRCULATION.

45. In the preceding section we have traced the pro-
gress of the food during its mastication, deglutition, and
digestion. We have seen it converted into chyle, taken
up by the lacteals, and, through the thoracic duct, poured
into the veins of the neck. Here we lose sight of it as
chyle. 1Inthe new system of vessels into which it has
entered, it undergoes alterations, all of which are not yet
perfectly understood, but which completely assimilate it to
the nature of the blood, of which it hereafter forms a part.
We are thus brought to consider a second important de-
partment of our science, the circulation of the blood ; but
first it is necessary to inquire into the nature of the blood
itself.

46. With the appearance of blood, as it occurs in the
higher classes of animals, every one is familiar. When
drawn from one of the vessels which immediately receive
it from the heart, and which are called arteries, it is of a
bright scarlet colour ; but when taken, as it usually is in
the common operation of bleeding, from a vein, it is much
darker, being of the shade called by painters Modena red.
When first drawn from the vessel, it is a somewhat glu-
tinous and apparently homogeneous fluid, but, after stand-
ing for a short time, it separates into two parts, one a
watery part, called the serum, the other a more solid part,
called the clot, or crassamentum. The serum is chiefly
composed of water, with a considerable quantity of the
same substance as the white of the egg (albumen) dis-
solved in it ; so that, if it is exposed to a boiling heat, this
coagulates and makes the whole solid. The clot, again,
likewise consists of two principal substances, one of which
gives it the red colour, and, by repeated washings, can
easily be separated from the other, which is a white,

91. Enumerate the successive changes upon the food.
92. Describe the blood, its difference of colour, and the parts into
which it separates.
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ough, fibrous matter. It is known by tne name of/ibrin,
and is said to be nearly identical in composition with the
part that gives contractility to the muscles.*

47. Although the blood in all animals appears to be of
essentially the same nature, separating when out of their
bodies into a solid and a serous part, yet, in a large pro-
portion of the lower classes, it has not the same florid ap-
pearance which it assumes in most of the Vertebrata.
"Thus, in insects, this fluid is nearly transparent, while in
the caterpillar it has a greenish hue. In fishes, again, it
is transparent in the bulk of the body, but it has a red
colour in the gills, heart, and liver; and even in the
human body, some textures, as the transparent parts of
the eye, circulate only a colourless fluid. In certain dis-
eased states of the system, indeed, nearly the whole blood
becomes colourless. A man died in Leith about eighteen
years ago, who for more than eight months before his
death looked exactly like a person recovering from a faint-
ing fit, and his body, after death, was found almost desti-
tute of red blood. An alarming form of the same disease
appeared in 183U3 among the coal-miners at Anzain in
France. Their faces assumed the appearance of yellow-
ish wax, and not a trace of blood-vessels could be seen
even on the inner parts of the eyelids or mouth.

48. When the blood is examined with a microscope, its
florid colour is perceived to arise from numberless ex-
tremely minute red globules supended in the watery
serum. These have, in every species where they exist,
a determinate size and form, being in man of a circular
flattened shape, and from, the 3000th to the 5000th part

* The following, made by M. Le Canu, is the most recent analysis
of the composition of the human blood ;—Water, 786500 ; albumen,
69'415; fibrin, 3'565; colouring maiter, 119°626 ; crystallizable fatty
matter, 4°300 ; oily matter, 2'270 ; extractive matter, soluble in alco-
hol and water, 1°920 ; albumen combined with soda, 2:010 ; chloruret
of sodium and potassium, alkaline phosphate, sulphate and subcarbo-
nate, 7304 ; subcarbonate of lime and magnesia, phosphates of lime,
magnesia and iron, peroxide of iron, 1414 ; loss, 2:586. 'l'otal, 1000.

93. The different colours of the blood in other animals.
94.- Changes in disease.
95. 'I'o what is the colour of the blood ascribed ?
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of an inch in diameter. In birds, reptiles, and fishes. they
get progressively larger, assuming at the same time an
elliptical form, and in the skate they are larger than
avy other animal hitherto examined. Their number cor-
responds very constantly to the temperature of the animal,
and hence the two divisions of warm and cold-blooded.
In birds the red globules constitute in general about four-
teen or fifteen per cent. by weight of the whole mass, in
man twelve or thirteen per cent., and both of these are
warm-blooded animals. The red globules in fishes (which
are cold-blooded, or only slightly warmer than the water
in which they live) amount to about five or six per cent.
It is also stated that these globules are in general more
num tous in the blood of men than in that of feinales, and
in persons of a sanguine than m those of a lymphatic
temperament.*

49. One of the most singular properties of blood, is its
power of coagulating. It has been supposed that the
globul:s of blood are really vesicles or bags, the outer por-
tion of which is composed of red colouring matter, while
the centre consists of fibrin; and that, during coagulation,
the vesicle is burst, and the particles of fibrin adhere to
each other. But it has been more recently shown, by the
experiments of Babington and Miiller, that the fibrin 1s not

- contained in the red globules, but in the fluid part of the
blood in which they float. When inflammation exists, the
separatio 1 of the two parts is most complete, the yellow or
upper buffy layer being the fibrin. Much beautiful de-
sign, as Dr. Prout remarks, is probably concealed under
this arrangement. One object of it is evident. If the
blood did not coagulate, the existence of animals would be
most precarious, as, on the slightest injury, they would be
liable to bleed to death. Nor is the danger apprehended
imaginary, for an unnatural state of fludity in the blood
has frequently, when the most trifling wounds were re-
ceived, becn attended with alarming bleeding, or even

* These terms will be explained immediately.

96. How do these differ in animals ?
97. What of the coagulation of blood ?
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with death. A_family in Oldenburg lost four children
from this cause, and a daughter of the same family had
three children who also died of this disease.

_50. There must, therefore, evidently be a cause for the
fluidity of the blood within the body, and many experi-
ments render it highly probable that this depends, to a
certain extent at least, upon the vitality of the veins and
arteries circulating it. Even the vitality of the blood
itself is made more than probable by the experiments of
Mr. John Hunter. Like the egg, it can within certain
limits resist the influence of various agents, such as heat
and cold, while it retains life, but yields to them when it
dies. An electric shock passed through it, instan:ly ex-
tinguishes its vitality, and this is the reason why the blood
in persons struck dead by lightning is always fluid.

51. While Physiologists had yet but inaccurate ideas
of the uses and structure of different organs, great benefis
it was thought might follow from transfusing a healthy
animal’s blood into a diseased person’s body, and some
dangerous and even fatal experiments of this kind were
performed in France, until the practice was interdicted by
law. Of late years the practice has been successfully re-
vived, in cases where great loss of blood has happened,
and its previous failure has been shown to have arisen
from transfusing the blood of one species into the body of
another, in which the globules are of a different size or
shape. The blood of a sheep, for example, transfused into
a cat or rabbit, causes death in a short time ; and instan-
taneous death follows the transfusion of blood with circular
globules into an animal which has these elliptical.

52. If other substances are mingled with the blood,
equally serious effects follow. Farriers produce instanta-
neous death in horses by blowing air into their veins ; and
a person in Paris, a few years ago, who was having an
operation performed in which a large vein in the neck
had to be cut, fromn the entrance of air fell over and expired.

98. What of the fluidity of the blood ?
99. What of the transfusion of the blood ?
100. What of air in the vessels ?
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Many other cases have since been published, in which it
is probable death occurred from the same cause.

53, Having made these observations regarding the
blood, we must now explain the means employed for its
circulation ; and in doing so, we shall first describe this as
it takes place in man and in the other Mammalia ; for
though their circulating system is really the most complex,
a knowledge of it forms a key to all the modifications
which it sustains in the other classes.

51. The course of the circulation of the blood was un-
known until the reign of James L., when it was discovered
by Dr. Harvey. 'The ancients knew of the existence of the
veins and arteries, bat thought that the blood was moved
backwards and forwards in the veins, and that the arteries
were filled with air. The name of the latter, indeed, is
derived from arferia, or air-tube. Harvey publicly taught
his new doctrines as early as 1616 ; but, with a caution
worthy of one whose fame was to be coeval with our race,
spent no less than twenty-six years in amassing materials
for his immortal work on the Circulation. The reception
it met with, when published, is instructive.  Derided by
his own profession as a quack, he was looked upon by the
vulgar as crackbrained ; and in a letter written to a friend
at this period, he complains that his practice had suffered
seriously since the publication of his book. To the honour
of mankind, however, it must be said that he lived long
enough to see his system taught in every university in the
world.

55. The circulating system in the Mammalia may be
said to consist of four principal parts—first, the heart,
which is the centre of the whole; second, the arteries,
which receive the blood from the heart; third, the veins,
which return the blood to the heart; and, fourth, the ca-
pillary (hair-like) vessels, which unite the termination of
the arteries with the commencement of the veins.

56. Every one knows the appearance of the heart—an
ox’s or a sheep’s, for example. When cut up, it is found

101. What theory of the circulation prevailed until the time of Harvey ?
102. Name the four parts of the clr;ulauug system in man.
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to consist of four cavities, two on the right side that com-
municate with each other, and two similar oncs on the left
side which al:o communicate with each oéther, but not
directly with those opposite. The diagram, figure 15, af-
fords an exact representation of the human heart, with the
circulation of the blood to and from the lungs on both sides.

57. To make the course pursued by the blood more
plain, we take asunder the two sides or chambers of the
heart, and represent them as separate from, and opposite
to, each other, as seen in Fig. 16.

58. In this i /eal plan of the circulation in the Mamma-
lia, the arteries and veins are supposed to be thrown into
continuous chains, with the capillaries as their connecting
links. In describing this plan, we shall commence with
the veins, which have been coloured blue, to indicate that
they convey nnpure blood. It will be seen that they

Fig. 15. Representation of the Human Heart, Vessels, and Lungs.

A Vena cava ascendens. G Left auricle. LM Carotid arteries

g Vena cava descendens. H Left ventricle. NO Vertebral arteries.

Dl[l{gnlAunc[e. I Aorta ascendens and PQ Subclav.an arteres.

= pugﬂ;to:'::ur:;l[e. e obranches. i R Aorta descendens.
ery. > y i g

F Pulmonargf vems)r oronary arteries. S8 Outline of Lungs.

103. What are the four cavities of the heart
104. Explain the coloured diagram. ot by




Fig 16. 1deal plan of the Circulation of the Mammalia.

51
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gradually unite, until those coming from above and those
from below form two large vessels (venz cave), that empty
themselves into the upper cavity of the heart on the right
side, called the right auricle (1). From the contraction
or drawing together of this auricle, the blood easily passes
downwards into the next cavity, called the right ventricle
(2) ; and this, which is still more powerful, also in its turn
contracting upon the blood, sends it through the vessel (p )
called the pulmonary artery. It is plain, however, that,
if nothing hindered it, the blood could as easily go back to
the right auricle, as forwards into the pulmonary artery ;
but this is éffectually prevented by a valve that is placed
between the right auricle and the right ventricle, and-which
allows the blood to enter, but prevents it going back.
Another valve, which acts in a similar manner, is placed
at the mouth of the pulmonary artery, so that the blood,
by the successive contractions of the ventricle, is forced to
go forward into the lungs. Here, as will afterwards be
explained, it becomes purified, as is shown by its red
colour, and is sent by the pulmonary veins (p v) to the
left auricle of the heart (3), to pass, as on the other side,
into the left ven/ricle (4). This last is the most powerful
of all the parts described, as it is required to propel the
blood into the artery called the aorta (a o), and from it
into the whole of the body. Valves are placed on the left
side, between the auricle and ventricle, and at the mouth
of the aorta, which have a similar action and appearance
to those on the right side. Those between the auricles
and ‘ventricles are called cuspid, that is, pointed valves;
on the right side, from having three points, tricuspid ; on
the left side, from having two points, bicuspid. ~Again,
those at the mouths of the pulmonary artery and aorta are,
from their shape, called semilunar valves.

59. The blue colour in the diagram, it will be noticed,
at once gives an idea of the parts of the body in which im-
pure or venous blood is circulated (the veins, right side of
the heart, and pulmonary artery). The red colour also

105. Name the arteries and veins connected wiih the heart ?
106. Where are the valves, aud what are they called ?
107. What vessels connect it-with the lungs?
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indicates in what part the blood becomes purified (the
lungs), and where it is circulated as arterial or pure blood
(the pulmonary veins, left side of the heart, and arteries).
It is in the capillaries between the arteries and veins
(which are too minute to be represented in the diagrawm,
but which pervade every point in our bodies) that the
blood parts with its vivifying qualities. The communica-
tion of these qualities to the different structures, may be
said, indeed, to constitute the great object of the circulation.
The arrows in the figure also show the course pursued by
the blood. Figure 21 shows the situation of the heart in
the chest, with the aorta (h) and its branches going off
from it. « is the two ventricles united. % and s, the two
auricles. //, the carotid arteries going to the head. m is
the superior vena cava (which empties itself into the right
auricle), in which the jugular veins (n n) from the brain,
and the subclavian veins from the arms (0 0), are seen to
terminate.

60. The course of the circulation, as shown in Fig. 15,
will now be easily understood. The two venaz cave A B
empty themselves into the right auricle C. From this the
blood passes into the right ventricle D, which sends it into
the pulmonary artery E, and this immediately divides in
the lung SSinto innumerable branches, only a few of which
are represented in the diagram. In the lungs, as already
mentioned, the blood is purified, and the pulmonary veins
FF are therefore represented as bringing back to the heart
red or arterial blood. ‘T'he pulmonary veins from both
sides pour their supplies of blood into the left auricle G,
from which again it passes into the left ventricle H, and is
by the latter sent to all parts of the body through the
aorta [ and its branches, to be again conveyed by the veins
to the right side of the heart. R is the continuation of the
aorta, which carries the blood to the 1ower parts of the body.
By attending to the directions indicated by the arrows, tne
course of the circulation in this and the other figures will

> made very plain.

108. What of the blue and red colours of the blood ?
109. Where is the blood purified, and where is it deprived of its

vivifying properties ?
ying prop 5+
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61. From the description given, it must be plain that
the office filled by the heart, with its accurately-working
valves, is essentially that of a forcing-pump. And with
what inimitable precision and regularity does it perform
this all-important duty ! Unweariedly during the whole
term of a long life it sends out daily its 100,000 waves of
healthful fluid to refresh and renovate every corner of the
system ; and small as each wave may be individually, the
aggregate amount is enormous. Thirteen thousand pounds
of blood pass out of the left ventricle of the heart of an
ordinary man every twenty-four hours. But the aorta of
a man is not an inch in diameter, whereas the aorta of a
whale, the skeleton of which is exhibited in Edinburgh,
was three feet two inches in circumference. Well, there-
fore, might Dr. Paley say, that the circulation is a serious
affair in such an animal. ¢ The aorta of a whale,” says
he, «is larger in the bore than the main pipe of the water-
works at London Bridge; and the water roaring in its
passage through that pipe, is inferior in impetus and velo-
city to the blood gushing through the whale’s heart.”

62. But if we are astonished in reflecting on what must
take place in the aorta of the whale, our admiration will be
not less excited on examining the circulation even in the
web of a frog’s foot. When this is brought under a mode-
rately powerful microscope, we can perceive with ease,
through the transparent coats of the tiny vessels, the red
globules of the blood—in some singly, with long intervals
between—in others, two abreast—and, in others still, num-
bers crowded together—pursuing their beautiful course,
like the trains of spectral figures that pass before us in our
dreams—now moving onwards with the most steady regu-
larity, and again hurried forward by the struggles of the
little animal. This sight, an excellent writer well observes,
«is one which no man who has once seen can ever forget ;
and he who has not seen it, has not beheld one of the most

110. Deseribe the course of the circulation.

111. What reflection does the subject suggest ?

112. How wonderful the quantity, and force of the heart’s action 7
113. What of the whale’s heart, and of the frog’s foot ?
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curious, and wonderful, and beautiful objects which ani-
mated nature presents.”’

63. Like most of the organs of organic life, the heart, in
its usual state, gives us but slight indications of sensibility.
Harvey met with an extraordinary opportunity of showing
this. A young nobleman, from disease, had the heart ex-
posed, so that it could even be handled while beating ; and
Harvey, to his astonishment, found that, unless his fingers
came in contact with the outer skin, the young man was
altogether unconscious of the heart being touched. Though
nearly destitute of the sensations of touch, however, the
heart is instantly affected by every powerful bodily excite-
ment, or strong mental emotion. Upon the first of these
depends the use physicians male of the pulse (which is just
the heart’s beat transmitted through the arteries) in judging
of the different bodily ailments ; while the power of emotions
over the heart has farnished the poetry of all languages
with some of its strongest images. The capillaries also
share in the influence of emotions, of which we have a
familiar example in blushing.

64. The greater or less vigour with which the blood is
circulated through the system, gives rise to important
effects.  We see this particularly in two forms of constitu-
tion. In the one, the circulation is very vigorous ; all the
functions are performed with energy ; and the diseases, in
general, are of an acute character. When the complexion
1s fair, this constitutes what has been called the sanguine
temperament—when dark, the choleric. In the other
variety, the circulation, and all the functions connected with
it, are languidly performed ; the surface is easily chilled,
and the diseases have frequently a low insidious character.
When the complexion is fair, this has been called the
phlegmatic temperament, and the melancholic when the
complexion is dark. With a feeble circulation, the gene-
ral health never can be good ; and hence we find the action
of the heart weak in most delicate persons.

114. What of ihe sensibility of the heart ?

115. How is the heart shown to sympathize with body and mind ?
116. What differences in the circulation ?

117. What temperaments, and how marked?

-
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€5. The arteries, like the intestines, are compnsed of
three coats, and the middle one is generally considered to
be muscular, in order to assist the contractions of the heart
but its muscularity is by no means so marked as is the
muscularity of the intestinal canal. These coats possess,
also, different degrees of distensibility, the inner one being
least so. This gives rise to the remarkable circumstance,
that when, as in those horrid accidents that are some-
times cavsed by machinery, a limb is torn off, frequently
not a spoonful of blood will be lost. The reason is, that
the inner coat, which is ruptured first, curls up, and,
_assisted by the outer coat, forms a plug in the blool-
vessels. These coats are sometimes distendcd more gradu-
ally by the continued impulse of the heart, constituting
the disease called aneurism. The sac thus formed, if on
the largest vessels, occasionally attains the size of a child’s
head, and produces instantaneous death when it ultimately
bursts.

66. The part of the circulating system most liable to
disease is the valves, and especially those of the left side
of the heart. Ossification, or the deposition' of bone in
their substance, is what most commonly affcts them. As
might be anticipated, the blood regurgitates and stagnates,
and great distress in breathing, dropsy, &c., are the con-
sequences. The only other valves in the circulaiing sys-
tem are in the veins, and they scldom become diseased.

67. When the apparatus employed in the circulating
system of man is understood, it will be easy, from a mere
inspection of the coloured figures, to compreh nd its modi-
fications in other animals. Birds have a circulation simi-
lar to that of the Mammalia. An ideal plan of the circu-
lation in reptiles is seen in Fig 17. They have a right
and a left auricle (@ ), but only one ventricle (¢). Com-
mencing, as we did before, with the veins, we find that
the whole venous blood is emptied, as in man, into the
right auricle (a), and, from this, is sent into the ventricle

118. What of the arteries ?
119. The part of the heart most liable to disease.
120. The circulation of reptiles.

-
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(c). From the ventricle, the blood is sentinfo a large ves-
sel (d), and is then distributed as follows: First a small
portion goes to the Jungs by the vessel ¢, to be purified,
and then brought to the left auricle (b), and from this to

Fig.17. Ideal Plan of the Circulation in Reptiles.

pass again into the ventricle, where it mixes with the im-
pure blood coming from the right auricle ; second, the rest
of the blood goes to the upper and lower parts of the body
by the arteries. The blue colour shows where the venous
blood circulates (in the veins and right auricle). The %ed
colour shows where it is arterialized (in the lungs), and
where it circulates as red blood (in the pulmonary veins
(f) and left auricle (b). The purple colour shows in what

121. Describe this coloured diagr.nm.
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parts the mixed pure and impure blood circulates (in
the ventricle (¢), pulmonary artery (¢), and, all the other
arteriese.* e

68. In fishes, as will be seen in Fig. 18, there are only

two cavities in the heart, an auricle () and a ventricle (b),
which are placed in the part of the circuit where the
blood is venous ; the gills, as will be explained afterwards,
answering the purpose of the lungs.

Fig. 18. Fig. 19.

69. Among the Crustacea, again (as the crab, lobster,
craw-fish, &c.), there is only one cavity, like a fleshy ven-

* The crocodile, one of the highest species of reptiles, has the ven-
tricle divided like the Mammalia, and the venous is mingled with the
arterial blood only in the hinder parts of the body, by a vessel which
comes from the pulmonary artery, and joins the aorta low in the back.
From this cause; pure arterial blood circulates in its brain and anterior
parts, while mixed venous and arterial blood circulates posteriorly.

122. What peculiarity in fishes 7
123. Explain the diagrams.
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tricle. which, it will be seen in Fig. 19, is placed in the
arterial part of the circuit.* In the orders below this, the
heart is rudimentary, or wanting; and its duties, much
simplified, are performed in many by a large vessel run-
ning along the back.

70. Looking at the whole figures in these diagrams of
the circulation, we see, first. in man and the other Mam-
malia, parts equivalent to two hearts, which maintain a
vigorous double complete circulation, corresponding to their
high temperature, and to the activity of their habits and
intellect. The following experiment may give an idea of
the activity of the circulation in this class:—A fluid in-
jected into one of the jugular veins in the neck of a horse,
has passed through the right side of the heart, the lungs,
the left side of the heart, the arteries, the capillaries, and
been detected in the vein of the leg, within half a minute ;
secondly, we see, corresponding to the generally sluggish
life of reptiles, that their blood is only partly purified ;
and we may observe, that this condition of the blood ex-
ists as a disease, in some of our own species, who are
always, in like manner, very feeble and inert. The con-
dition alluded to (called the blue disease) arises from parts
of the heart, or its vessels, that are naturally open before
birth, not closing afterwards, and hence allowing the ve-
nous and arterial blood to mingle ; thirdly, in fishes we ob-
serve that the whole blood is purified, but is necessarily
sent with decreased force into their bodies, the part cor-
responding to the left side of our heart being absent;
while, fourthly, the Crustacea, which have the right side
absent, present us with the most unfavourable modification
of the heart’s position. Before the impulse of the heart
can reach the gills, it must evidently propel the blood

*The Sepin has the heart likewise placed in the arterial part of the
circuit, and the two veins that carry the blood to the gills also swell
out into something like the rudiments of two other hearisin the venous
part of the circuit. The two vessels connected with the auricle and

veniricle of the fish, as may be observed, also swell out inio what are
called sinuses.

124. Describe the double circulation in man and the mammalia.
125. Illustrate the activity of the circulation in man and the horse,
while it is slaggish in some other animals.



60 ANIMAL PHYSIOLOGY.

through the arteries, capillaries, and veins ; and the blood
must, therefore, feebly enter the minute vessels in the
gills, where purification takes place.

The parts of the circulating system most difficult 1o be understood,
are the valves of the heart and their action. Both these can be beau-
tifully shown in a cow's heart, the vessels of which have been cut
high up, and as little injured as possible. 'I'he hard suet being cleared
from the base of the heart, to show the bicuspid valve between the
left auricle and ventricle, pass the finger into the large opening of the
aorta (which is the vessel butchers often hang the heart by) nearest
the heart, when will be felt the semilunar valves at the mouth of the
left ventricle. These must be broken down by cautiously introduc-
ing a scalpel, or penknife; and cutting and then forcibly rupturing
them with the finger. Having done this, close all the openings on
the sides of the aorta, by tying them, or transfixing them with a needle,
and twisting thread round it, or putting a small cork in the largest, fast-
ening with needles, and twisting thread around them, &c. Now pour
water gently into the aorta, and notice where it escapes. This will
be by the left auricle, which is to be cautiously removed, (but not
cut quite to its base,) until the valves are exposed. If water is now
poured quickly into the aorta, the bicuspid valve will be seen to be
lifted up, and to prevent its escape; or, what is berter, the air may be
made to take the place of the water, by drawing in the breath and
blowing forcibly, in quick succession, throngh the aoria. The action
of the valve during life may thus be shown with tolerable accuracy.

When this has been examined, the heart should be cut through
transversely, two or three inches ahove its apex, to show the greater
thickness of the left than the right ventricle. The left ventricle and
aorta may then be cut up to show their internal surface—the fleshy
columns and tendinous cords, which assist the heart in contracting,
the appearance of the bicuspid and semilunar valves, the grooves
leading to the branches from the aorta, &ec.

The actions of the semilunar valves may now be shown by cau-
tiously cutting away the right ventricle, till the valves at the mouth
of the pulmonary artery are exposed. Take a pig’s bladder, and cut
about two inches off each extremity. Sew the narrower end round
the inner surface of the pulmonary artery; pour a jugful of warer
quickly into the bladder, and the action of the valves, in preventing
its return, wil! be seen. )

By mixing Paris plaster (which may be got from any plasterer)
bulk for bulk with the water, casts of the pulmonary valves, of the
left ventricle, &c., may be made, and cut out when dry. I'o take a
cast of the right ventricle, the pulmonary valves must be broken
down, as above. These make very instructive preparations, when
the valves, &c., are distinguished by being coloured.

Attention should also be directed to the great difference in muscu-
larity between the auricles and ventricles, and tothe sounds of the
heart as they can be heard by applying the ear to the left side of the
chest of a thin person. The first dull sound is supposed to he pro-
duced principally by the contraction of the ventricles; the succeeding
sharp sound by the falling back of the blood on the semilunar valves.
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In disease, these sounds become louder and much altered—in some
cases resembling the blowing of bellows, and in others, the rasping
of afile, &c The coutraction of the heart is called its systolé, the
time it rests its diastolé.

T'o show the fibrin of the blood, get some from the butcher, (who
extracis it by turning his fingers inf the blood while coagulating), and
wash it till it is pure white. The coagulability of the serum (which
can easily be got from any surgeon) should be shown by heating it in
a Florence flask.

As mentioned in the text, the microscope shows the circulation in a
frog’s foot.

Other figures to illustrate this section may be found in ‘‘ Animal
Physiology * in the Library of Useful Knowledge, pages 69, 70, 71,
73, 74 ; 10 Dr. Roget’s Bridgewater Treatise ; in Dr. Smith’s Philo-
sophy of Health ; in Bell’s Anatomy, &ec.

: | The foregoing explorations are not recommended for young peo-
ple.] i

SECTION 1V.
RESPIRATION.

71. We have seen, in the preceding section, the course
which the blood pursues. We have now to consider the
changes it undergoes in that course. It will be recollected
that the left side of the heart sends the blood into the ge-
neral system : this is called the systemic circulation.
The right side of the heart sends it into the lungs, and
this has received the name of the pulmonic circulation.
But if the blood that goes to the lungs were returned in
the same state as it is sent, death would be the conse-
quence, for venous blood is a poison to the body ; and this
is the reason why an animal dies when the air is pre-
vented from getting into its windpipe, by hanging or
drowning. Bichat showed this very decisively. He con-
nected, by a tube. the jugular vein of one dog with the
carotid artery (which sends the blood to the brain) of an-
other, and allowed the venous blood to flow into it. The
immediate effect of-this was, that the dog in whose brain
the venous blood was made to circulate, became com.

126. What two circulations are spoken of ?
127. Bichat’s experiment.
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pletely insensible, and would in a short time have died.
On allowing the arterial blood, however, again to circulate
in its brain, the dog was quickly restored. )

72 What are the changes, then, that take place in the
lungs, and how are these
changes effected ? These ques-
tions will be best answered by
first knowing what the lungs
are. The lungs (vulgarly
called lights) are principally
composed, Ist, of air-tubes
(bronchi) of which the wind-
pipe (trachea), is the com-
mencement, and which divide
and subdivide until they ter-
minate, as has been supposed,
in very minute bags or air-vesi-
cles; and 2dly, of the ‘pul-
monary artery (Fig. 15, E,
and Fig. 16, p, a), which
branches out upon the sides
of these air-tubes. Fig. 20
shows the windpipe, with the

Fig. 20. Windpipe and Lungs. lungs entire on one side, and
with the branches of the air-tubes dissected on the other.
These tubes are said to terminate in vesicles, which vary
in size from the 50th to the 10Jth part of an inch in di-
ameter. The lungs are als> seen in Fig. 21, in their na-
tural situation in the chest.

73. If we tie up tightly in a bladder a quantity of ve-
nous or dark blood, we shall find, in a short time, that ex-
posure to the air has changed the colour of the portion
near the surface. The air has passed through the blad-
der, and has, converted the venous into red or arterial
blood. Exactly the same thing takes place in the lungs;
for the air, in the air-vesicles, 1s separated from the blood
in its vessels by a membrane not more than the thousandth

128. Describe the diazram.
129. The experiment with the bladder.
130. What changesits colour ¢
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part of an inch in thickness. But we shall find, immedi-
ately, that it is not the blood alone that is altered in its
qualities. The air undergoes alterations. The blood
in the lungs also becomes fit for supporting life ; the air
becomes unfit for this purpose. We must, therefore, de-
scribe, 1st, the means by which the air is brought into,
and then removed from, the lungs ; and, 2dly, the changes

Fig. 21. Front view of the contents of the Chest and Belly.

a, the two ventricles of the heart. %, the right auricle. s, the left
auricle. &, the aorta. [, the carotid arteries. =z, the jugular veins;
and o o, the subclavian veins, terminating in m, the superior vena cava.
bb, the lungs. g, the windpipe. r, the gullet. p, the diaphragm.
ce, the liver. d, the stomach.. e, transverse arch of the colon, part
of the large intestines. f, the small intestines. g, the bladder.,

131. What change occurs in the blood and in the air?
132. ‘Explain the diagram.
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of composition that thence occur in the air and in the
blood.

71. The lungs are contained in the <¢hest or thorax
(Fig. 7, rzr), a conical cavity formed by the breast-bone
before, the back-bone behind, and the ribs above and on
the sides. It is separated inferiorly from the abdomen or
belly by a fleshy movable partition called the diapiragm
(Fig. 21, p), which is fixed to the bottom of the breast-
bone and edges of the short ribs before, and extends down-
wards and bzckwards to be attached also to the back-bone
behind. Through this the gullet, blood-vessels, &c., pass.
The whole inside of the chest is lined by a thin smooth
membrane called the pleura, which divides the chest into
a right and a left side, and which likewise covers the
lungs; but these are, nevertheless, on the outside of the
pleura, in the same way as the head is on the outside of
a double nightcap. There is no opening to admit the air
between the lungs and sides of the chest, bat it gets easily
by the windpipe into the air-tubes of the lungs.

75. From these explanations it will be easy to under-
stand the mechanism of respiration (breathing). Draw--
ing in a breath is called inspira’ion. We do this, 1st, by
raising the ribs, which are provided with numerous mus-
cles for this purpose between the ribs, and attached to the
ribs and neck ; and, 2dly, and at the same time, by de-
pressing the diaphragm. Of the latter movement we
become -sensible, by placing the hand on the abdomen
during inspiration, when we notice the ribs raised, and find
the belly pushed outwards at the same moment by the
descent of the diaphragm. It is, therefore, evident that
the cavity of the chest must be considerably enlarged by
inspiration. But the cavity of the chest cannot be enlarged
withont something filling it up ; and as no air can get be-
tween the Jungs and sides of the chest, if the windpipe
remain open, the air necessarily rushes by it into the air-/
tubes and vesicles of the lungs, and blows them up as we
might blow up a bladder. The muscles that acted during

133. Describe the bony structure of the chest.
134. What separates this from the abdomen ?
135. What lines the chest, and covers the lungs?
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inspiration having become relaxed, the expulsion of the air
from the lungs is eff:cted principally by the elasticity of
the ribs, and by the contraction of the muscles of the belly
pushing up the diaphragm. It is called expira’ion.

76. It must be manifest, from considering these arrange-
ments, that the amount of blood and air brought together
in the lungs must be very great. 'The whole extent of
the air-tubes in man, taken collectively, has been calcu-
lated by Hales at about 20,000 square inches, and by
Monro at twenty times the surface of the human body ;
the branches of the pulmonary artery. which ramify upon
this surface, are so twined and interlaced that they have
received the name, from anatomists, of 7he wonde ful net-
work ; while the air received into and expelled from the
lungs, and consequently brought into contact with its air-
tubes and blood-vessels, cannot be less, in an ordinary man,
than between 3000 and 4000 gallons daily.

77. Fresh supplies of air, then, that the blood may be
purified, are the essential objects of a respiratory appa-
ratus ; and from the necessity of having some modification
of such an apparatus, no animal whatever is exempted,
although the supply of air required varies much. A frog
or a lizard, for example, will live a considerable time in air
which a bird has been forced to breathe till it has died, and
insects will live for a long period even in the air that has
ceased to support both the bird and the lizard. Fishes,
again, whose gills, it was formerly mentioned, perform the
same office as our lungs, can exist upon the small portion
of air they extract from the water in which they swim.
But, however small the quantity required, none can
want it altogether; and if any of them be placed under
the rteceiver of an air-pump, and the air be exhausted,
they immediately become distressed, and die in a short
‘time.

78. There is one remarkable circumstance that may be
noted, when the motions of the heart, or intestines, and
those of respiration, are contrasted. The motions of the

136. Define inspiration and expiration. .
137. What of the exient of the air-tubes in the lungs ?
138. What quantity of air?

[
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former are entirely removed from the influence of the will,
and usually do not excite in us any consciousness of their
existence ; while those of respiration are always accom-
panied by a sensation, if not also by an act of volition.
Before air is drawn into the chest, we have always a
peculiar sensation, reminding us that a fresh supply of this
material is required. At first, this sensation is merely a
gentle intimation ; but, if neglected, it becomes so intole-
rably painful as to compel us to relieve it by breathing.
When an individual becomes partly insensible, the sen-
sation requires to be considerable before he attends to it; '
and accordingly we find, that, instead of breathing, as we
ordinarily do, fifteen or twenty times in a minute, he will
breathe only once in half a minute, a minute, or a minuate
and a half. When insensibility increases still further,
this and all other feelings become extinct, and then he dies.
Upon this principle an explanation has been given of
sighing. When a person sighs, the mind has been in-
tensely fixed on some object. The consequence is, Dr.
Darwin supposes, that heforgets for a short time to breathe,
until the sensation in the chest becomes so importunate as
to oblige him to make a more than usually full inspiration
to relieve it.

79. The mechanism of respiration is considerably mo-
dified in other classes. Whales (which breathe air) have
parts that are thought to serve as reservoirs, both of venous
and arterial blood ; and this is' conjectured to be the reason
why they are able usually to remain under water twenty
minutes, and sometimes upwards of an hour, without
breathing. The lungs of birds, instead of being free in
the chest, are fixed to its sides, and also have openings in
them which allow the air to pass into air-cells that pervade
almost every part of their bodies. As a proof of this, if
the windpipe of an eagle be tied, and the iargest bone of
its wing (humerus) be broken, it can breathe through the

139. How do animals differ in their need of air?

140. What of voluntary breathing, its frequency, and cause of
sighing ? .

141. What is peculiar in whales ?

142. The wonderful peculiarity of birds illustrated.
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broken bone instead of its windpipe. It is this arrange-
ment that causes the respiration of birds to be called double,
for the air acts on the blood, Ist, in passing through the
lungs to the air-cells; 2dly, in passing out of these, and
probably also while it remains in the air-cells. Hence,
they consume more air than any other class of animals.

80. Reptiles can act but imperfectly on the air, fron the
cells of their lungs being very large, and, from this cause,
of course diminishing the surface upon which the b ood-
vessels have to be distributed. The frog has no ribs, nor
has it any diaphragm, the abdomen and chest forming but
one cavity. As a substitute for these, the air is forced
into the lungs by a species of deglutition. A frog perishes
if its mouth is kept open, because, before this deglutition
can be accomplished, the mouth must be closed.

81. The surface occupied by the gills of fishes is often
very considerable. Those of the skate are said to have a
surface nearly equal to that of the human body. The
reason why air cannot usually be directly breathed by
gills, is believed to be principally because they become
collapsed and dry. The eel, the crab, and some other
species, that breathe by gills, can, however, breathe in air
for a considerable time.

82. The only other modification of the respiratory ap-
paratus we shall refer to is that of insects. The veined
appearance of the wings of the butterfly is produced by
what are called trachee, that have openings on the surface
(stigmata) for admitting the air, and extensive ramifications
over the body. There are similar openings on the sides
of the bee-worm and in other species. If these are closed,
the animal immediately dies. In all the lowest classes of
animals, and even as high as the class of reptiles, the skin
is also an active respiratory organ.

83. What has been said may render intelligible the
mechanism by which the air is introduced into the body.
1t will now be necessary to describe the changes that take
place there. The atmospheric air, when it goes into the

143. Singularity in the frog, and fishes, and insects.
144. Composition of the air before and after respiration.
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lungs, is composed of about four parts of a gas called ni-
trogen, and one part of another gas called oxygen.* But
the air which comes out from the lungs is not the same in
composition, for a considerable quantity of oxygen 1s found
to have disappeared, and in its stead we find another gas,
called carbonic acid, which is produced by the union of a
portion of oxygen with the carbon which forms a large in-
gredient in the composition of the blood and of the body
in general. Carbonic acid is a gas which is fatal to ani-
mal life, and it is therefore discharged from the lungs. If
an animal is made to inhale it, insensibility and death follow
in a very few minutes. We have already seen that the
venous, blood is a poison to the animal body, and it is pro-
bably this same carbon, or the carbonic acid, that makes it
noxious. It appears that about 45,000 cubic inches of
oxygen are consumed by an ordinary man in twenty-four
hours, and that 40,000 inches of this gas go to form the
carbonic acid produced during the same period, the re-
mainder of the oxygen probably combining with other
ingredients of the blood. Under different circumstances,
however, the consumption of oxygen-varies. It is con-
siderably greater when the temperature is low than when
it is high, and during digestion the consumption has been
found onc-half greater than when the stomach is empty.
By violent exercise, when the stomach is empty, it has
been found to be augmented to three times its usual quan-
tity, and to four times its usual quantity when food has
been taken after this. -

84. When we thus see the great quantity of pure atmo-
spheric air which a single individual requires to carry off
the noxious parts of the venous blood, and to convert this
into arterial blood, we can easily comprehend why such
dreadful consequences should follow the breathing of a
highly vitiated atmosphere. The most melancholy in-
stance of this kind on record, is the well-known one that
" occurred in the Black Hole at Calcutta. In this dungeon,

~ * We omit mention of the small quantity of carbonic acid in the air.

145. What is discharged in expiration, and why ?
146. Proportion of oxygen consumed in a day.
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18 feet square, and having only two small windows on the
same side to admit air, 146 men were immured. [n six
hours 96 of them had died from suffocation, after the most
horrible sufferings ; and in the morning, when the doors
were opened, only 23 out of the whole number remained
alive. ;

85. From the same cause we can understand how
hurtful it must be continually to breathe the air of ill-
ventilated rooms, confined sleeping apartments, crowded
low-roofed schools, or other places in which numb rs are
assembled together, and where ventilation is not particu-
larly attended to. A long-continued and constant resi-
dence in such places most certainly shortens life by
several years, and not unfrequently terminates it rapidly,
by giving rise to consumption and other fatal disorders.

86. It must not be supposed, however, from what has
been said, that the carbonic acid given off from the langs
is to be viewed as a merely noxious material. If it were
retained, death would undoubtedly take place; but if no
carbonic acid were formed, we shall find that the heat of
our bodies could probably not be maintained. When
charcoal is burned in atmospheric air, the changes which
occur seem to be almost precisely similar to those that are
produced by respiration. Oxygen disappears, and car-
bonic acid is formed. It seems reasonable, therefore, to
conclude, that the heat produced in both cases is connected
with these changes. That the production of animal heat
bears some resemblance to combustion, is rendered proba-
ble by the following considerations :—1st, 1t has been
determined by experiment that the charcoal contained in
the carbonic acid formed during a given period by respira-
tion, would give out, when burned, fully more than half
the heat produced by the animal in‘that period. It takes
no less than about eleven ounces of carbon to form the
carbonic acid of an ordinary man’s daily respiration. Dr.
Milne Edwards thinks that this, and the superabundant

147. Illustration of the importance of fresh air.
148. Necessity of ventilation.

149. Necessity of carbon to animal heat.

150. Analogy between combustion and respiration.
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oxycen which is absorbed by the blood, (which probably
combines in great part with hydrogen to form water,) will
account for nine-tenths of the heat an animal produces,
the remaining t nth probably being the product of the
friction of the different parts of the body, the changes
occurring in secretion, &c. 2dly, This view is supported
by the fact, that the temperature, in the different classes
of animals, very accurately corresponds to the quantity of
oxygen consumed. The temperature of birds is highest,
and they consume most. The young, among the Mam-
malia, consume the least, and have the temperature
lowest. Indeed, it may be remarked. that the young of
most of the Mammalia, including children, bave much
difficulty in supporting any great degree of cold when
separated from their parents; and where incautious
exposure takes place, the mortality among them is found
to be very great. Reptiles, which consume little oxygen,
have a temperature only a few degrees above the medium
in which they live ; and the same may be said of fishes,
with the remarkable exception of the Cctacea, (whale, por-
poise, &c.,) which have a high temperature, but consume
much oxygen. as they breathe the air by lungs.

§7. Tt has bren thought, however, that as the carbonic
acid is given off in respiration, and the oxygen disappears
at the same time, the temperature of the lungs ought to be
much higher than that of other parts, and it was to meet
this difficulty that Dr. Crawford proposed his celebrated
Theory of Animal Hea!. He maintained that the capa-
city for heat (as chemists call it) is greater in arterial than
in venous blood ;* that as this enlargement of capacity

* What is meant by capacity may be rendered intelligible thus:—
If we mix one pound of water at the temperature of 60 degrees, with
another pound at 91 degrees, the resulting iemperature will be exactly
the medium, or 754 degrees. But if we mix a pound of water at 60
degrees with a pound of quicksilver at 91 degrees, the resulting tem-
perature will be only 61 degrees, because the capacity of water is so
much greater than that of quicksilver, that the heat which raises the
quicksilver 31 degrees will raise the water only 1 degree.

151. How is this theory sustained ?
152. What of Crawlord’s theory ?
153. Explain the note.
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takes place in the lungs, at the same moment as the Leat
is generated, a considerable portion of it must be absorbed ;
and that this latent heat comes to be given oul, as the
arterial, in its course, is again gradually converted into
venous blood.

88. It will be observed, that Dr. Crawford’s theory
supposes, 1st, that the capacity for heat in arterial is
greater than in venous blood, which subsequent observa-
tion has not shown to be the case. Dr. Davy states the
capacity of both to be very nearly the same. 2d, It sup-
poses that the carbonic acid given off during respiration is
Sformed in the lungs, from the direct combination of the
oxygen of the atmosphere with the carbon of the blood,
which also appears to be incorrect, for it has been shown,
by Dr. Edwards and others, that carbonic acid is produced
in large quantities, even when an animal-is made to
breathe a gas containing no oxygen. A frog can be made
to breathe nitrogen or hydrogen gas, even for several hours
together, without losing its vitality ; and in such cases, it
15 found that nearly as much carbonic acid is formed as
when the animal is allowed to breathe atmospheric air.
It therefore seems probable that the carbonic acid is formed
in the blvol, and 1s merely given off or separated at the
lungs. There is another thcory that has been proposed
by Lagrange and Hassenfratz, two German physiologists,
and which is supported by the fact ascertained by Pro-
fessor Magnus, that venous and arterial blood both contain

- carbonic acid and oxygen, but that the carbonic acid is in
larger and the oxygen in less quantity in the venous than
in the arterial blood, which seems to avoid the difficulties
involved in Dr. Crawford’s theory. The oxygen, these
physiologists suppose, when it is absorbed by the blood
in the lungs, exists there only in a loose state of combina-
tion ; as it circulates, the union with the carbon, &c., of
the blood is supposed to become more intimate, the
carbonic acid being thus formed probably in the capiila-
ries; and the heat comes thus also to be gradually disen-

154. Objections to this theory.
155. What are the other opinions stated.
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gaged, and diffused through every part of the body.
Professor Miiller calculates that the quantity of carbonic
acid which has been ascertained to exist in each cubic
inch of venous blood, is sufficient to account for the whole
quantity exhalcd from the lungs. Professor Liebig, a high
authority, takes nearly the same view of this subject.
Many other facts, however, prove that both secretion and
the nervous system are connected, directly or indirectly,
with the production of animal heat. We can only state
generally, also, that the body possesses the power of ke p-
ing down its heat to nearly the natural standard, even
when exposed to a very high temperature. Sir Charles
Blagden remained, without any great inconvenicnce, in a
room, the temperature of which was 52 degrecs above
that of boiling water, until eggs were roasted hard, and a
beefsteak made ready by blowing air onit. Indeed, the
heat of his body, though the temperature of the apartment
was 261 degrees, rose only three or four degrees above i3
degrees, its natural standard. It has been found that the
principal agent in keeping down the temperature, is the
immense evaporation that takes place from the lungs and
skin. Accordingly, when the skin is varnished, or the air
of the apartment is saturated with moisture, so as to pre-
vent evaporation, a temperature one-half so high can
hardly be borne. 3

89. Having now given a short but connected account
of the physiology of the circulation and respiration, we
cannot but remark how varied and how complicated are
the agents employed, and yet how accurately each of these
performs the part assigned it. Such investigations as
those with which we have been occupied, form the proper
foundations of natural religion. No one can rise from the
study of these parts of the animal frame, without intensely
feeling that design, and design of a kind the most
exquisite, guides every motion and change of the vital
fluid. Neverdid any piece of machinery invented by man,
indicate with greater precision the intentions of its maker.

156. How is the living body protected from high heat?
157. From what surfaces ?
138. What reflections are suggested ?
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80. The voice is produced in what is called the larynx,
at the top of the windwipe, (Fig.20,a.) The air, in pass-
ing through its opening, (glot/is, Fig. 11, ¢, and Figs.
92 and 23,) causes parts called vocal ligaments to vibrate,
and to give out the different varieties of sound. These
sounds can be further modified by the parts in the mouth,
&ec., so as lo produce articulate speech. Singing-birds
have a simple larynx at the top, and a complicated one at
the bottom, of the windpipe.

91. When foreign bodies, such as cherry or plum
stones, get into the larynx or windpipe, they cause exces-
sive irritation, and not unfrequently death. = A few years
ago, a woman came under the care of Mr. Liston, who
stated, that six months previously she had been nearly
choked by a piece of bone, while eating some hashed
meat; that when she was almost suffocated it had passed
downwards into the windpipe, and that she could since
then feel it lodging at the top of the chest, on the right
side. - Her statement <was so precise that Mr. Liston
resolved 1o attempt its extraction. He cut down into the
windpipe at the bottom of the neclk, passed his instrurnent
downwards three or four inches towards the right lung,
and felt the bone. But. he found his instrument opened
in a wrong direction to seize it. This difficulty had,
however, been auticipated by the acconiplished operator.
Another pair of forceps, opening differently, was produced;
the bone was seized and extracted, and the woman left the
hospital in a few days quite recovered.

92. Other affections of the top of the windpipe produce
suffocation, and among these, by far the most common and
fatal is croup. This disease consists
in inflammation and swelling of the
inner or mucous lining of the.larynx
and windpipe. When allowed to gain
ground for even a few hours, the
surgeon meets with few more rapidly
fatal diseases. 'The cause of this will

159. Wha of the structure concerned in the voice ?
160 'I'o what accident is the larynx liable ?
161. Do foreign Lodies ever enter the windpipe 7
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easily be understood, from looking at Figure 22, which
shows the natural size of the opening (rima glottidis)
through which all the air had to pass, in a weakly child
11 years old. Figure 23 is the same secn from within.
The least diminution of this opening is fatal.

93. When the inner or mucous membrane of a few of
the larger branches of the windpipe is slightly inflamed,
it is called @ common coli; when the inflammation is
greater, and extends to the lesser air-tubes (bronchi), it is
called bronchitis, and is often denoted by considerable
wheezing in the breathing ;* when the air-vesicles, and
the substance which connects them, become inflamed, it is
called inflammation of the lungs (pnewmonia). The last
is a very fatal disease, if not early checked. The im-
portance of early attention to it will be understood from
this, that it consists of three stages, in the first of which
the part of the lungs affected is merely engorged with the
watery serum of the blood. A smart bleeding will fre-
quently at once remove this. But if allowed to remain,
this rapidly passes into the second stage, in which the
lung becomes solid like a piece of liver (hepatization),
and ultimately into the third stage, when the solid portion
is infiltrated with matter (pus). The two latter stages are
comparatively seldom recovered from.

94. When the ‘membrane (pleura) covering the lungs
and lining the inside of the chest is inflamed, it is called
pleurisy, or pleuritis, and is denoted by the sharp cutting
pain which is felt when we draw a breath. If uncom-
bined with pleuritis, the pain in pneumonia (inflammation

* Millers, masons, sawyers, grinders, and others who are exposed
to the inhalation of various kinds of dust, are very subject to this
disease, and have their lives much shortened by it. Dry grinders
seldom live beyond 30 or 35 years. In M. Lombard’s returns for
Geneva, the average longevity of stone-cutters is stated at 34 years,
of sculptors at 36 years, and of millers at 42 years; while painters
live, on an average, to 44, joiners to 49, butchers to 53, writers to 51,
surgeons to 54, masons to 55, gardeners to 60, merchants to 62, pro-
testant clergymen to 63, and magistrates to 69 years.

162. What disease occurs here ?
163. What of cold, and bronchitis, pneumonia, and hepatizations t
164. What of the mortality from bronchitis ?
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of the lungs) is not great. It is rather tightness of the
chest, and oppression of the breathing, that are felt.
These are caused by the difficulty the air finds imgetting
admission into the condensed air-vesicles. From the same
cause, pneumonia is generally attended by rapid and heav-
ing breathing. As the quantity of air that can be brought
into contact with the blood is diminished, fuller and more
frequent inspirations require to be made. If the hepatiza-
tion extends to the whole of one lung, then there can be
no motion of the chest on that side, as the air enters only
to the other lung. These signs are of especial importance
in children. Whenever the breathing of a previously
healthy child becomes rapid and heaving, alarm should be
felt for its safety.

95. The branches of the windpipe have another coat
below the inner or mucous one, which, like that of the
intestines, is muscular, and can, it is thought, contract and
diminish their size. This contraction is supposed to be
the cause of the sudden difficulty in breathing, so often
felt by asthmatic persons. In asthma, however, other
causes combine to produce this difficulty ; for, 1st, there
1s generally more or less habitual inflammation of the larger
air-tubes; and, 2dly, from the repeated violent fits of
coughing, the air-vesicles become distended or ruptured,
so that the cavity of the chest is permanently filled to a
considerable extent with these distended vesicles (bullz).
The surface of the lungs of old asthmatic persons may be
seen studded with these, like little bladders, sometimes as
large as walnuts.

96. The only other disease of the lungs we shall notice,
is the almost invariably fatal one, consumption (phthisis
pulmonalis). This disease consists in the formation, in
the lungs, of a peculiar substance called tubercle. Tu-
bercles are at first small semi-transparent bodies, like
pins’-heads ; but as they increase in size and number,
they unite, and form masses generally like yellowish
cheese, occasionally as large as a walnut or an orange.
At a later period, this cheesy matter becomes softened,

165. What of pleuritis, asthma, and consumption ?
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and is coughed up, leaving cavities in the lungs more or
less extensive, under the irritation of which the patient
sinks, €onsumption, from very accurate calculations, is
known to cause about one in every five deaths in Great
Britain, so that some knowledge of the causes which pro-
duce it is important to almost every one. From exten-
sive statistical inquiries made in Geneva by Dr. Lombard,
he has found that the average number of consumptive
cases occurring in all the different professions of that town,
is 114 in the 1000. In some it rises much above, while
in others it falls greatly below, this average number.
Thus, among varnish-painters no less than 37 out of the
100 were found to have died of this complaint, while of
gardeners only 4 in the 100 fell a sacrifice to it. The
causes which principally tend to produce consumption,
Dr. Lombard finds, are, Ist, breathing air in which
mineral, vegetable, or animal powders are floating: among
polishers, sculptors, stone-cutters, plasterers, watch-hand-
makers, &c., the proportion of consumptive complaints is
177 in the 1000. 2d, Sedentary occupations seem to
have a great effect in producing this discase, the mortality
among clerks, printers, tailors, engravers, &c., being 141
in the 1000; while among such active professions as
carpenters, blacksmiths, slaters, agriculturists, &c., the
average proporion is 89 in the 1000. 3d, Indigent per-
sons seem about twice more liable to consumption than
those living in easy circumstances: annuitants in Generva,
who may be reckoned as generally leading an easy, com-
fortable life, average only 50 consumptive persons in the
1000. 4th, The more or less impure state of the air
breathed, its temperature, dryness, &c., seem to influence
considerably the production of consumption. In profes-
sions in which life is speut in shops or manufactories, the
proportion of cases is 138 in the 1000; while in those
professions in which life is spent principally in the open
air, only 73 in the 1000 become its victims. An atmo-
sphere loaded with animal emanations, such as is breathed
by butchers, tanners, candle-makers, &c., seems toact rather

166. Causes of consumption, physical and chemical in their action.
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as a preventive to this complaint, the average among these
professions being only 60 in the 1000. Breathing a moist
air seems also a preventive circumstance, as weavers,
dyers, bleachers, watermen, &c., are found liable to it
only in the proportion of 53 in the 1000 ; while those
who breathe a hot dry air, such as toolmakers, enamellers,
file-smiths, &c., have 127 in the 1000 affected. 'These
deductions may be considered as, at least, approximations
to the truth, and they in general agree with what might
have been expected, as we know that even in the lower
animals consumption can be produced at pleasure by
general debilitating causes, or by irritants applied directiy
to the lungs. A large proportion of the monkeys brought
from their own warm to this cold and changeable climate,
die of this scourge of our race ; and M. Flourens, a French
physiologist, has shown, that by keeping chickens in a
dark and damp cellar, and upon a scanty diet, they are
rapidly carried off by this affection. Though the lungs
are the parts most usually affected by this disease, it is a
mistake to suppose that it is a merely local complaint.
Very commonly, the cheesy matter is found, at the same
time, in the liver, mesentery, and many other parts; and
there can be little doubt that the essential cause of the
whole is a particular form of constitution, either inherited
from parents, or brought on by irregular habits, want of
fresh air and exercise, or other diseases and circumstances
that enfeeble the body. Where the predisposition to this
disease is very great, we see whole families cut off by it
but when the predisposition is less, we often notice only
those affected that follow occupations, or have contracted
habits, that impair their health.*

* We have said that consumprion is a hereditary disease, or arises
front a peculiar constitution transmitted from parents to children.
Thhis is what is called the scrofulous constitution, which can often be
detected by a practised observer, but of which 1t is not easy to give
any definition, except that the formation of tubercular (cheesy) matter
in any part always denotes it. When much developed, and when it

167. Observations upon inferior animals.
168. Consumption constitutional and hereditary.
169. What practical reflections are suggested ?
e
7
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97. In concluding the subject of rcspiration, we may
mention that a French physician, named Laennec, in
vented a simple instrument, called the stethoscope, which
enables us to ascertain very accurately, from the sounds
of the air passing through the lungs, what is going on
within. Different diseases are denoted by the modifica-
tions of sound they produce, often with as much precision
as if we saw through the walls of the chest.

‘The mechanism of respiration may be beautifully seen in the hare.
Afier skinning, &c., open the belly, take out the intestines, liver,
&c., and cut through the back-bone high up with a sirong knife.
The diaphragm, separating the belly from the chest, will then be
seen. 'I'o show the parts contained in the chest, next take away the
fore-legs, and cautiously detach the ribs from the breast-bone, on each
side, except at the top and bottom, breaking or snipping through with
scissors the detached ribs near the back-bone, and removing them.
The breast-bone will thus be left in its place, supported by a rib or
two at the top and bottom, and the division of the chest into two
halves by the pleura—the heart lying in its bag or pericardium—as
well as l{ne appearance and position of the lungs, will be seen. Great
care must be taken in opening into the chest, and in cutting the ribs
posteriorly, not to injure the lungs. T'o show the action of the lungs,
the windpipe must now be cut down upon in the neck, cut through,
and detached, and a small tube tied into it. When this is gently

affects the glands of the neck, it is vulgarly termed ‘‘ king's evil.”
Constitutions are variously tainted with it, however, from a very
slight to a very high degree ; and it may easily be conceived how
ﬁenerally the taint is diffused, when we have stated that one in every

ve dies in this country from one of its forms. There are many other
diseases, the tendency to which is derived from parents, such as
asthma, insanity, gout, &c.; and there can be lirtle doubt that this
class of diseases constitutes the great bar to the physical improvement
of the human stock. Uniil correct views on this subject become more
general, little hope of improvement can be entertained. At present,
persons in every rank make eager inquiries as to the worldly condi-
tion, &ec., of those who are likely to form their partners for life ; but
how seldom does it happen that the tendency to even serious here-
ditary disease forms a bar to their union, or that persons even take
the least pains to satisfy themselves whether such exists! The great
part of mankind neglect far too much the fact that they are animals,
and that they are therefore subject to those general laws which regu-
late the transmission of peculiarities or diseases to their children.
Hence, from this serious error, they fail to take the precautions which
are necessary to secure an approach towards physical perfection in
their own progeny, and the neglect of which they would be ashamed
of, even in regard to their dogs and their horses.

170. What of Laennec’s instrument ?
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blown into, the lungs will be seen to be inflated. A much more
elegant mode of showing their action, however, is, carefully to take
out both windpipe and lungs, and to attach them as represented in
Fig. 24, where a is a bottle, six or seyen
inches high, and about three wide, such as
is used by druggists, with the bottom cut
off; b is the hare’s lungs (with the windpipe
left moderately long) tied to a notched tin
tube (c), that passes through a cork accurately
fitting the neck of the bottle ; d is a wooden
piston, three-fourths of an inch thick, covered
with soft leather, which is stuffed with hair,
and oiled to make it fit accurately. When
the handle of the piston is drawn quickly
down, the air rushes by the tube and wind-
pipe into the lungs, and inflates them, and
this can be repeated by pushing the piston

Fig. 24. gently up, and then again drawing it quickly

Hare’s lungs inabottle. down. The bottle must be of the same
width throughout, and the lungs must not be cut or injured in any
part. The lungs should be in the bottle, and the windpipe tied on
the tube. before the cork is fitted into the bottle. This is a remark-
ably striking experiment, and should be seen by every one who
wishes to form a just conception of respiration.

The power of oxygen in supporting combustion, and of carbonic
acid in extinguishing 1t, should also be shown by introducing a lighted
candle, fixed on a wire, into jars of these gases.

That the expired air contains carbonic acid, may easily be shown
by breathing through a tube immersed in newly prepared lime water.
F‘he carbonic acid throws down the lime in the form of carbonate of
ime. 4

By placing the ear to the upper part of the chest of a young person,
the murmur produced by the air rushing through the air-vesicles may
be heard ; or the stethoscope may be used for hearing this, as well as
the sounds of the heart.

The air-cells of birds may be seen in the pigeon, by opening the
belly on one side. and then (while pressure of the fingers on the ribs
prevents any escape of air from the lung on that side) blowing air into
the windpipe, as directed above.

The gills of a cod or haddock (recent or dried) should also be ex-
amined.

Preparations of the bromchial tubes are generally made by anato-
mists with wax. These, however, have the disadvantage of being
easily broken. We have used, instead of wax, some of the metals.
Equal parts of tin and lead answer well for the larger bronchi. Take
a sheep’s lungs, clear away fat, &c., but taking care not to injure
them, and cut off the windpipe three or four inches above the lungs;
dry the interior of the windpipe by introducing pieces of lint on the
end of a stick, and afterwards allowing it to remain exposed to the air
for a few hours. Then transfix the windpipe at the upper part with
two darning-needles crossed, to hang the lungs by ; fasten the needles
to the ring of a retori-stand ; fasten a wide-mouthed tin funnel, sup-
norted by another ring of the retort, in the windpipe, and pour in the
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melted metal; bo'l the lungs for two hours, cut out the preparation,
and varnish with wax dissolved in boiling spirits of wine. A much
more delicate preparation can be made in the following manner —
Insiead of tin and lead, take the composition called the fusible m:tal.*
and pouritinto the lungs, and then place these in a large pot of warer,
to be kept boiling for an hour. The air is thus in a great measure
expelled; and as the metal melts at the boiling point of water, it
finds its way into the most minute ramifications. When heated, the
air in the air-tubes causes the lungs to become buoyant, which pre-
vents the metal getiing properly into the lower bronchi. To obviate
this, the lungs may be enveloped in a cloth, which should be loaded
with heavy weights, to keep them in the upright position. As the
metal is extremely brittle when hot, the lungs should not be taken
out of the pot till they are cold ; then hang them in some place where
flies can deposit their eggs, moistening the outside daily, and allow
them to remain until the maggots eat away all the flesh ; afier this,
hang them in water until the preparation can be easily cleaned. In
making both preparations, about one and a half pounds of meral are
required, and the tin filler should be heated to make the metal run the
easier. If any of the large branches are broken, any tinsmich will
easily solder them. When well managed, preparaiions we have made
in this way have a truly wonderful appearance ; the bronchial tubes,
though beautjfully distinct, and as fine as hairs, presenting almost a
solid mass. The existence of air-vesicles has been doubted by
some authors, and these preparations seem to us to support this
opinion. '

Other illustrative figures for this section will be found in Bell’s
Anatomy, vol. i., page 599; Dr. Smith’s Philosophy of Health, vol. i.,
fufe 243; “ Animal Physiology,” in the Library of Useful Know
edge, pages 88, 89, 90, 92, &ec., &ec.

[Some of the foregoing experiments are unsuited for schools, but
models of the respiratory apparatus, made of papier maché by Dr.
Azoux, of Paris, can now readily be obtained in this country.]

SECTION V.
SECRETION AND NUTRITION.

98. We have seen, in the preceding sections, that there
are arrangements for circulating the blood and for keeping
it pure. The great object in these arrangements seems
to be, that the substances required in the different parts of

* The Fusible Metal may be composed of two parts bismuth, one
lepde.doue tin, and one quicksilver. to be all melted together and well
mired.
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the system may be separated from the blood in a propcr
state. There is a class of bodies. known by the name of
glands, whose office appears to be principally to form dif-
ferent secretions.  Thus, the liver is a gland, which is said
to secrete (separate) bile: the salivary glands, we have
seen, secrete saliva; and so on with the others. It would
be a mistake, however, to suppose that secretion is per-
formed only by glands, for thin membranes, without any
glandular structure, produce numerous secretions; and
the deposition of the solid parts of the body takes place
without the intervention of any thing like glands. It
seems to be the capillary vessels, themselves, in these
cases, that are employed; and even in glands, however
minutely we examine their structure, there can be detected
almost nothing but endless subdivisions of circulating ves-
sels, and ducts for collecting and carrying off the secreted
fluid. e

99. It will be impossible for us even to refer individu-
ally to the numerous substances produced by secretion.
We shall, therefore, mention particularly only a few, and
make some general observations regarding the whole.

100. The liver (Figs. 12,7, and 21, c) is the largest
gland in the body. We have seen that it secretes the bile,
which probably serves important purposes in digestion.
The numerous ducts of the liver unite and form one large
duct, called the hepatic duct (Fig. 12, &), from which the
bile passes into the common duct (i), or into the gall-blad-
der (m), to be poured, when required, into the upper part
of the intestinal canal. 'The bile is an alkaline fluid, which
contains, besides other substances, a peculiar resinous
principle. Unlike other secretions, it is formed from the
venous blood. The whole veins of the stomach and int. s-
tines, instead of going directly to the right side of the heart,
first unite to form one great trunk (vena portz), which di-
vides, like an artery, in the substance of the liver; and

171. What sources of secretion are pointed out ?
172. Define secretion, nutrition, &ec.

173. What is peculiar in the structure of the liver?
174. What is the bile and its uses ?

175. Describe the circulation of the liver.
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these branches, by which the bile is secreted, again unite,
and join the veins going to the heart in the ordinary way.
In some species the veins going to the kidneys have a
similar distribution. From this, and for various other rea-
sons, it is strongly conjectured that the liver assisits the
lungs in purifying the venous blood, by depriving it of a
portion of its carbon ; and, accordingly, we always notice
the liver larger in animals in proportion as the activity of
their lungs diminishes. 'The carbon uniting with oxygen
forms the carbonic acid given off [rom the lungs: it seems
to escape from the liver in union with another gas called
hydrogen, forming the resinous and other principles of the
bile. We have before stated that less oxygen is consumed,
and of course less carbonic acid is produced, when the
temperature is high than when it is low. Hence, pro-
bably, a chief cause of the diseases of the liver Europeans
are liable to in warm climates ; for if Jess carbon be given
off at the lungs, more will have to be scereted by the liver;
and any part required to do more than its ordinary duty is
apt to become deranged. It is thought that about six or
eight ounces of bile are ordinarily secrcted daily. An-
~other analogous substance, called wreq, is secreted by the
kidneys, which are glands that also probably assist in pu-
rifying tie blood. It is probable that both the resinous
matter in the bile, and the urea in the urine, exist ready
formed in the blood, and are merely separated by their
respective glands ; as, when the kidneys of dogs have
been taken away, urea has been detected in the blood,
which could not be the case if the kidneys formed it. It
sometimes happens, especially in drunkards, that one or
both of these glands become discased, and are incapable
of separating the peculiar fluids mentioned: and then
these, being retained in the system, act as poisons, pro- -
ducing insensibility and death. In the case of the liver,
this forms one cause of jaundice ; but jaundice is more
commonly caused by an obstruction to the flow of the bile
through its ducts. The passage of gall-stones (which are

176. Theory of the liver, assisting 1o purifly the blood.
77. What of the secretion by the kidueys ?
178. Exnmiples of the failure of 1hese secretions and effects.



SECRETION AND NUTRITION. 83

only-bile solidified) from the gall-bladder through the com-
mon duct (Fig. 12, 7), is a common cause of obstruction.
When the substance of the liver becomes diseased, the
flow of blood through its veins is also often obstructed, and
this very generally gives rise to dropsy.

101. What has been said must saffice in regard to the
larger glands ; smaller ones are scattered in almost every
part of the body. The whole extent of the intestinal canal,
and of the skin, is found to be studded with bodies having
a glandular structure, and producing secretions.

102. Some secretions are evidently produced only in
particular emergencies, as we see with the increased
secretion of bony matter when a limb is broken ; other
secretions are uncommon in their nature, as in the case of
such fishes as the torpedo, or of the firefly, the former of
which can produce at pleasure powerful electrical dis-
charges, and the latter a substance that gives out light;
while in other instances, again, secretions become unusual
in their sitnation, or o/ a morbid kind. Of a secretion
unusual in its situation a curious instance occurred some
years ago in France. A woman who was suckling had
the secretion of milk transferred from her breast to one of
the lower extremitics, from which her child continued to
be supplied. Of morbid secretions we have examples in
ossification of the valves of the heart, in consumption, in
cancerous, brainy, and other tumours, and, unfortunately,
in too many other cases. ;

103. The secretions are much influenced by our mental
states. Every one has felt the flow of saliva increased
from savoury odours, or the flow of tears from distressing
feelings. A cheerful state of mind is peculiarly favourable
to the proper performance of the function of secretion ; and
we therefore learn how important it is to avoid such things
as distract, or agitate, or harass us. ’

104. As to the agent which produces or directs the dif-
ferent secretions, we have no very accurate information.

179. Peculiariies of secretion and number of glands.
180. Curious instance. of transfer of secretion.

1&1. Effects of the mind.

192. What is said of galvanism ?
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In one instance, at least, Dr. W. Philip found that its
place could be supplied by galvanism. He cut the prin-
cipal nerves going to the stomach, and the secretion of gas-
tric juice was completely stopped ; but the secretion was
restored when a galvanic pile was made to communicate
with the lower extremities of the nerves. Of late years
it has been discovered that the operations of galvanism
are much more various and subtle than was formerly
supposed, and it therefore scems not unreasonable to
conjecture that its agency may be important also in-secre-
tion.

Suitable views of the liver will be found in Lizars's Coloured
Plates, page 86, and of the kidneys, at page 88.

SECTION VI.
EXHALATION AND ABSORPTION—THE SKIN.

105. By exhalation is meant the escape of some portion
of the contents of the blood-vessels (generally little altered),
probably through pores in their sides. When a fluid,
coloured with vermillion, is injected into the blood-vessels
of a dead animal, the fluid portion will pass out of them,
and is said to be exhaled, while the vermillion is retained ;
or when a solution of phosphorus is thrown into the veins
of a living animal, in a few seconds fumes of phosphorous
acid are given off from its lungs. By absorption is meant
the removal of the soft or hard parts of the body, or of sub-
stances placed in contact with these parts. When a fat
person becomes lean, or the fluid in a dropsical person’s
belly has disappeared, the fat and the fluid are said to have
been absorbed.

106. The three most important exhaling and absorbing
surfaces, are the intestinal canal, the lungs, and the skin ;
but these processes are active also in the chest, belly, and
other cavities. We have already explained the structure

183. Define exhalaiion and absorption.
184. Instances of both.
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of the intestinal canal and lungs, and the skin will be
treated of at the close of this section, so that it will be
necessary at present only to say. that the skin has a thin
outer covering, called the cuticle, or epidermis (the part
raised by blistering), which has no feeling, and little
vitality ; and another thicker part underneath, called the
true skin (the part which tanners convert into leather),
which is plentifully supplied with nerves, blood-vessels,&c.

107. From what has been said, it will be seen that the
mechanism of exhalation is very simple, the fluid merely
passing through the sides of its vessels. In every part of _
the system an active absorption is carried on by the same
means, the fluid removed merely passing through the sides
of the veins, to be carried off by the internal current. It
was at one time supposed that absorption was exclusively
carried on by a system of vessels, which received the name
of absorbents ; but this is now known to be quite incorrect.
Allusion has already been made to one portion of these ab-
sorbent vessels, connected with digestion, which are called
lacteals (Fig. 13). Similar vessels in other parts of the
body (some of which are seen in Fig. 13, &) receive the
name of lymphatics, from a fluid called lymph, which they
convey ; and in their course towards the thoracic duct
(Fig. 13, g), in which they almost all terminate, they pass
through glandular bodies, found in numbers in the hams,
groins, armpits, on the sides of the neck, &c. It is these
glands about the ncck that so often swéll and inflame when
there is disease of the gums, or eruptions on the head, or
when there exists a highly serofulous habit.of body.

108. The veins appear to take up all fluid matters indis-
criminately that are brought in contact with them; the
lacteals take up principally (if not solely) chyle ; the-office =
of the lymphatics seem to be chiefly to mould the different
parts of the body into their proper forms, and the lymph
contained in them is probably the removed animal matters
which, it is supposed, may undergo some changes while
passing through the lymphatics and their glands, that ren-

185. Sources of the chief exhala ious fiom the body.
186. Dcfine lymphatics, their office, aid course.
187. Name the several instruments of absorption.
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der them fit to be mingled with the blood. From the late
researches of Fohmann, Panizza, and Lanth, it would
appear that the lymphatics commence by minute plexuses,
and that these at their origin do not communicate with the
arteries and veins, but begin by shut extremities. In the
frog, and in some other reptiles, there have been dis-
covered parts, connected with the lymphatics, that pulsate
irregularly, like hearts. The frog has four of these, which
seem to be used for propelling the lymph.

109. Absorption and exhalation, in a healthy state, gene-
rally balance each other, so that a full-grown person’s
weight, notwithstanding the quantity of food consumed,
will frequently, for years, vary only a few pounds. The
conditions which promote the one, generally impede the
other.  When the body is saturated with fluid, absorption
goes on slowly ; but exhalation, under the same circum-
stances, takes place rapidly. M. Magendie found that
when a quantity of water was thrown into an .animal’s
veins, absorption was either much impeded, or altogether
suspended ; and, on the other hand, when the blood-
vessels were partly emptied by bleeding, the effects of a
poison, that usually showed themselves at the end of the
second minute, were distinctly perceived before the thirtieth
second. A frog, kept for some time previously in.dry air,
when its legs are immersed in water, will in a short time
absorb nearly its own weight of the fluid.

110. We have dlready spoken of the absorbing powers
of the intestinal canal. The next in importance, as an
absorbing surface for external substances, is in the lungs,
and, of course, the matters absorbed are generally conveyed
in the form of vapour. When a fluid poison, however, is
injected into the windpipe, it acts with fearful rapidity. It
is through this surface that substances diffused in the
atmosphere usually produce their effects on the system.
The vapour of turpentine, breathed along with the air of
a room, may be detected in the urine within a short time
afterwards, and the concentrated vapour of such poisons as
prussic acid will instantly kill an animal if inhaled. It is

188. Relative amount of these two processes.
189. Proofe of abaorption in the lungs.
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probable also that the various poisons which produce fever,
" measles, small-pox, and other infectious disorders, are in
this way introduced into the body, the smallest quantity
frequently sufficing for this purpose. We can conceive the
small quantity of the poison required, when we notice that
the least particle of the matter of small-pox, placed in a
scratch on the skin, gives rise to the same disease. In
proof of the action of poisons, when inhaled by the lungs,
the following facts may be stated : 3

111. M.Magendie contrived some experiments, in which
dogs were confined in the upper part of a barrel, the lower
part being filled with putrefying animal substances, which
were separated from the dogs by a grating. Confinement
in this situation, from the absorption of the putrid effluvia,
produced death generally about the tenth day. The ani-
mals took food, and were even lively, but became much
emaciated before death. The same physiologist pro-
duced symptoms exactly resembling those of yellow fever,
by injecting a few drops of putrid water into the veins of
dogs.

112. A nurse in one of the Dublin hospitals, apparently
in excellent health, was desired by the physician to assist
a patient, labouring uunder fever, to turn in bed. Being
very feeble, he endeavoured to support himself by placing
his arms round the nurse’s neck, when she suddenly drew
back, struck by the offensive odour from his person, and
exclaiming that she had caught fever. She instantly
became cold, pale, and ghastly, and, appearing about to
faint, had to be removed to her room. Malignant fever,
of a very severe description, succeeded, and lasted for
thirteen days.

113. In the island of St. Lucia, in the West Indies, two
boatmen were employed hauling their canoe up on the
beach, close to a dangerous swamp, when they perceived
a small cloud of vapour approaching, which gradually en-
veloped them. One immediately fell down insensible, and
the other was so much affected as to be unable to render

190. Examples of poisons thus acting.
191. Instances of poisonous exhalations.
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him any assistance. The vapour soon passed away, and
both men recovered so far as to be able to walk home.
The one most affected, however, was seized with fever,
and died within forty hours afterwards.

114. Repeated instances occur in the West Indies of
twenty or thirty workmen being employed in cutting
drains or canals in these infectious swamps, nine out-of
ten of whom will be seized in a few days with the most
dangerous forms of tropical fever. Chiefly from these pes-
tilential fevers, also, the probability of life to Europeans in
the West Indies is very low. It appears, from the most
accurate army returns, that a young man’s chance of life,
which in this country would probably be about forty years,
is reduced in Jamaica to about seven years.

115. In such marshy districts as the fens in Lincoln-
shire, or the Pontine marshes near Rome, the poison dif-
fused in the atmosphere operates with intensity chiefly
after sunset, and produces dreadfully fatal fevers and agues.
We see also, in the ratives of these districts, the effects
which the slow operation of the' poison produces on the
health. Their appearance in highly infected districts is
miserable in the extreme. Stunted in their growth, with
swollen bellies, stapid expression, and jaundiced complex-
ions, they linger out a miserable existence, and can any-
where, at a glance, be recognised. Happily their suffer-
ings terminate life quickly. In Rome, chiefly from this
cause, the annual mortality of the whole population is
stated at one in twenty-five, while in the whole of England
and Wales Mr. Rickman states that it is only one in sixty.
It is a curious circumstance that these poisons generally
lie latent or inactive in the body for some time. In the
fevers of this country, the latent period may vary from a
few days to some weeks: while in marsh fever, a person
will often have left the infected district, six, twelve, or more
months, before he is seized with it.

116. We have entered into these details in order that it
may be seen, Ist, that unnecessary exposure to air infected
with the poison ‘of fever, is both improper and highly

192. Reflections deduced therefrom.
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dangerous ; and, 2dly, to show how important to health is
pure air, alt:ntion to cleanliness, and the removal of all
putrefying animal and vegetable matters from the vicinity
of our dwellings. In a very filthy part of Constantinople,
calied the Jews’ quarter, the plague constantly prevails
more or less, and the same may be said of typhus fever in
some confined and dirty parts of London, Edinburgh,
Glasgow, and most other large towns.

117. In man, the absorbing powers of the skin are much
more limited than those of the lungs. When the cuticle
is entire, indeed, it appears to absorb almost none, unless the
substance be rubbed on it with force, or be of a very irritating
nature. When the cuticle is removed, however, it absorbs
readily. This is the reason why the most virulent poisons
can be handled with impunity, only while the cuticle is
entire. Surgeons often suffer severely from this cause,
when, in opening dead bodies, they accidentally puncture
or cut themselves, even in the slightest degree. The
poison introduced by the cut part inflames it dreadfully,
and death not unfrequently occurs within a few days. It
is for the same reason that a slight scratch must be made
through the cuticle before a child can be inoculated.

118. The exhaling powers of both the skin and the lungs
are very considerable. In winter, we notice the ‘watery
vapour coming from the lungs condensed by the cold air;
in summer, we see how much fluid escapes from the skin
in the form of perspiration. Independently of this, how-
ever, from thirty to sixty ounces of watery fluid are calcu-
lated to pass off daily from the skin in the form of insensi-
ble perspiration. This insensible perspiration may be seen
to be condensed, when. the point of the finger 1s moved
along the surface of a looking-glass, at about the distance
of an eighth of an inch, and also when we handle any
polished steel instrument ; or, still more decisively, when
the arm is confined in a glass jar. It is the condcnsation
of this insensible perspiration that makes the inner surface
of a M¢Intosh cloak damp when worn in frosty weather

193. Eﬂ'ecls of the cuticle in preventing absorption.
194. Dauger of’ wouuds or abrasious of the skin.
195. Insensible perspiration, its extent.

*
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wr. Smith has performed some interesting experiments on
the subject of exhalation, from the skin and lungs jointly.
Eight workmen in the Pheenix Gas-works, London (where
they must work hard, and be exposed to a high tempera-
ture at the same time), were weighed before going to work,
and immediately afterwards. In one experiment, in
November, they continued to work for an hour and a
quarter, and the greatest loss sustained by any one man
was two pounds fifteen ounces. In another experiment,
in the same month, one man lost four pounds three ounces
in three quarters of an hour; and in an experiment of the
same kind, in June, one man lost no less than five pounds
two ounces in an hour and ten minutes.

119. We shall conclude this section, by, stating a few
other circumstances connected with the structure and
functions of the skin. We have mentioned that the ex-
ternal layer of the skin is called the cuticle. M. Breschet,
a French author, who has very carefully investigated the
structure of the skin, considers the cuticle to be of the
same nature as the horny matter which forms the nails,
the hairs, feathers, horns, &c., of animals. It is secreted
by particular organs, and when intended to be coloured, it
is mixed with colouring matter (which also is secreted by
distinct organs) while in a fluid state. The arrangement
of the cuticle, in different parts of the human body, 1s well
worthy of attention. Where feeling is to be exercised, it
is thin and delicate ; over the joints it is lax and movable;
on the palms of the hands and soles of the feet, even in the
infant, 1t is thick and hard, and these properties are greatly
increased by constant use. Simple as this last provision
may appear, it seems doubtful whether the want of it
would not have interfered materially with the exercise of
many of our most useful arts.

120. Between the cuticle and the true skin, formerly
mentioned as the part of animals that is tanned, is found
the layer that gives the colour to the different varieties of

196. Experiments on the amount of insensible perspiration and ex-
halation from the lungs and skin.
197. What of the cuticle and its distribution ?
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the human species, &c. (refe mucosum). In Europeans
it is generally of a light colour, in Negroes it is black, and
in other races it is intermediate, or of other shades. The
colour, of the Negro does not depend on the blackening of
the cuticle by the sun, for his cuticle is seen to be as trans-
parent as a Furopean’s when raised by a blister; and we
observe, also, that the secretion of the black colouring
matter does not take place in the Negro child until a day
or two after birth.

121. The cufis, or true skin, is the third and most im-
portant layer. Besides its uses already referred to, it has
a very large supply of blood sent to it; is a surface of
great sensibility, intimately sympathizing with the internal
organs; and, from its exposed situation and extent, is
peculiarly liable to be affected by external influences.
Perhaps no other surface in the body is so much concerned
in the production of internal inflammatory disorders, and
perhaps the agents that above all others tend to produce
these, are the various degrees, and especially the sudden
applications, of heat and cold. When heat is applied
suddenly and extensively, so as to give rise to a burn or
scald, the heart’s action is frequently extinguished within
a few hours, even although the burn, in any one portion,
is altogether superficial and unimportant. ~ Mr. John
Hunter gives a striking proof of the effects produced by a
sudden change of temperature on the skin. He took an
eel, which was swimming in water a little above 30 de-
grees, and plunged it into water about 60 degrees, a tem-
perature in which it habitually lives with ease. The
sudden change, however, gave such a shock to its system,
that the animal instantly expired.* In these cases the

* We lately met with a case exemp!ifying the effect of sudden change
of temperature. A person who had been treading snow in an ice-
house felt his feet uncommonly cold. To remedy this, he plunged
them into water somewhat heated. The consequence was, the litile
1oe of one foot and part of the great toe of the other mortified, and had
to be cut off.

198. Define the rete mucosum, al‘ld‘ the cutis.
199. Importance of the skin aud its functions.
200. Illustrations of the mischiefs of sudden change of temperature.
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efict seems to be produced principally through the agency
of the nervous system, for an account of which we must
refer to Scction VIIL; but when the application of cold
produces its injurious effects, the blood that is forced, by
the constricted vessels, from the surface, upon the internal
parts, probably also overloads them, and impedes the due
performance of their functions. When the body is ex-
posed for some time to a great degree of cold, the tendency
to sleep becomes almost irresistible.  Under these circum-
stances, to use the words of Dr. Solander, quoted by Cap-
tain Cook, * whoever sits down will sleep, and whoever
slecps will wake no more.”” These words were used by
Dr. Solander during an excursion in Terra del Fuego,
with Sir Joseph Banks and nine other individuals, when
the cold was intense. Notwithstanding Dr. Solander gave
the precaution, he was the first to feel the effects of the
cold, and his companions were obliged to yield so far to
his entreaties as to allow him to sleep for five minutes.
With the utmost difficulty he was roused. Two black
servants also slept, and perished. Exposure to a lesser
degree of cold acts differently. Every one knows the
power of cold draughts of air, of cold or damp feet, the
wearing of damp clothes, or slecping in damp sheets, in
giving rise to inflammations, even in persons whose sur-
lace has a vigorous circulation, and is therefore not easily
chilled. When the circulation on the surface is languid,
these causes act with tenfold force ; and hence in all such
constitutions it is of the utmost moment, 1Ist, that the skin
should at all seasons be protected from sudden chills by
warm (the best are flannel) coverings; and, 2dly, that
sea-bathing, a generous diet, and all other means that give
permanent,vigour to the circulation, should be specially
attended to. Under all circumstances, indeed, frequently
cieansing the skin, by removing noxious excretions, and
allowing the proper exercise of its functions, has a much
more important influence on health than is generally
imagiued.

201. Effects of exposure to cold ; illustrations.
202. Danger of applying heat to frozen parts.
203. Praciical suggestions.
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Good views of the lymphatic vessels will be found in Lizars's
Coloured Plates, page 99, and of the skin, at page 82 of the same.
Connected with the subject of the skin, the teacher may introduce
some instruciive lessons on the five varieties of the human species
and their distribution. We have found that these lessons are rendered
much more impressive by having drawings of these varieties, and
also a skeleton map of the globe, of a large size (say six feet by four),
coloured so as to indicate their different localities. ‘I 'hus, the Enro-
pean, or Caucasian, may be left white, the Mongolian coloured yellow,
the American red, tie Malay brown, and the Ethiopian black. 'The
drawings, and the requisite information as to localities in making this
map, will be found in the latter part of Lawrence’s Lectures on Man,
8vo edition.

SECTION VII.
LOCOMOTION—THE BONES, MUSCLES, &ec.

122. Having now given a short account of the most im-
portant functions of the organic or vegetative life, we shall
here consider shortly the parts that are immediately con-
cerned in producing the motion of the body. 'These are
the bones and their articulations (joints), and the muscles.

123. The most important of the hard parts in animals
are shells, crusts, and bones. The two former, however,
are void of vitality, while bone gives every indication of
possessing life. In shells, almost no ammal matter is
found ; they are nearly the same in composition as a piece
of marble. Crusts (as the lobster’s) have a larger propor-
tion of animal matter; and in the composition of bones
there is much more. Not only, however, is the earthy
matter less in bones; it is also differently combined. In
shells and crusts the earth is carbonate of lime (chalk),
while in bones the lime is principaily united with an acid
composed of phosphorus and oxygen, forming phosphate
of lime ; and it may be remarked, that it is from bones that
phosphorus is usually obtained.

124. The quantity of animal matter in different bones,
and, consequently, their hardness, varies. In infancy and

204. Name the hard paris of animals.
203. Composition of these.
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youth the animal matter predominates; in old age the
earthy matter. On an average, perbaps, in mature age,
about two-thirds are animal (mostly gelatin and albumen)
and one-third carthy matter. Mere hardness, however, is
not all that is wanted, for the hardest are often the most
brittle substances. The composition of bone. therefore, is
such, that the earthy matter may give stability to the
framework, on which all the other parts are to hang and
work, while the animal matter imparts to it adhesiveness
and toughness.

25. It is found that all the parts which afterwards be-
come osseous (bony) are originally in the state of cartilage
or gristle ; that this is gradually removed, and bone depo-
sited in its stead ; and that ultimately, in its highest state
of development, the bone is hollowed out internally, and
is fil'ed with marrow, or, in birds, with air.* Some of our
bones are completely ossified at birth, as is the case with
the bones of the ear; most of the others become more or
less so0 in a few years alterwards ; but some parts continue
cartilaginous even in manhood, and become perfectly
ossified only in old age. This is the case with the carti-
lages that join the ribs to the breast-bone ; and as the elas-
ticity of the cartilage materially assists in breathing, it is easy
to understand that the change is not an advantageous one.

126. Perhaps the most rudimentary form of an internal
skeleton exists in the sepia, or cuttle-fish. It is merely a
collection of bony plates, which gives support to its solt
body, and forms a ring superiorly, through which part of .
its nervous system passes. The first object, in laying the
foundation of the skeleton, appears to be to provide for the
security of the brain and spinal marrow, as protection to
these from injury, we shall afterwards find, is of the very
highest importance. Accordingly, whatever other parts

* When thus hollowed, the bone is found to be mueh stronger than
if the same amount of hard substance had been disposed in the solid
form.

206. Proportion of animal matter in bones.

207. Primitive state of bone in the formation of the body.
208. What bony structure is uniformly found ?

209. The adventage of the bones being hollow.
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of the skelcton are wanting, it has been already mentioned
that the back-bone, or spine, is always present; and fur-
ther, in the human race, and in all the other Vertebrata,
this is invariably the first part of the osseous structure
which nature developes.* Tt is composed of a series of
rings or vertebra, variously joined together in the different
classes. Each side of a vertebra, in fishes, forms a cup,
and, consequently, when the whole vertebre are joined,
two cups are always opposed to each other—the cavity left
being filled by a thickish jelly. In reptiles, the junction is

* We may here mention, that the various organs of animals are
uite different when first developed, from what they afterwards are in
their perfect state. On this subject have, of late years, been made
perhaps the most astonishing discoveries in modern science. It ap-
pears that the organs of the different beings, before they can attain to
the rank assigned them in the animal scale, must first pass through
many of the phases which the same organs assume in the classes be-
neath them. Thus, the whole body of man is at first little larger than
a pin’s head, and has the simple pulpy structure of the lowest zoo-
phyte; the brain at first is wholly wanting, and is subsequently like-a
fish’s, a reptile’s, a bird’s. About twenty-one weeks after its deve-
lopment, the human brain has a close resemblance to that of the Ro-
dentia, (marmot, &ec.) 1

The human heart also, as in animals low in the scale, is at first
wanting ; then it is like a fish’s; and even at birth, we have already
remarked that communications exist between the venous and arterial
circuits, as in reptiles. In the same way, what afterwards become
bones, are at first a mere jelly, like the bodies of the Radiata; sub-
sequently they are gristly, like the skeleton of the Chondropterygii
(shark, ray, &c.); and ultimately they pass through the different
stages of ossification. The same happens with all the other organs.
It has even been found that the human embryo, at one period of its
growth, is furnished, like a fish, with gills.

The transformations of insects afford beautiful examples of the
same law; and every one has observed that the frog, before it
becomes a reptile, remains for some time as a tadpole in the lower
Elass of fishes. It has then gills, and is indeed in every essential a

sh.

These discoveries give a most satisfactory explanation of certain of
the cases called monstrosities. For example, a person or quadruped
born without posterior extremities, may be said, in regard to these, to
have remained in the state of development represented by the Ceta-
cea ; a person with hare-lip or cleft pallet represents the condition, in
these particulars, of the hare, birds, reptiles, &c. : and so on with the
heart, brain, and other organs.

210. Varieties in the vertebral structure. ¢
211. Curious lessone of comparative anatomy, as in the nots.
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what is called, by mechanics, of the ball and socket kind—
the ball of the one vertebra fitting into the socket of that
above it. The surfaces of the vertebra in the Mammalia are
nearly flat, and between each, in man especially, there is
placed a thick, tough. and highly elastic gristle. which is of
great use in breaking the shocks that would otherwise be sus-
tained in running, leaping, &c. The mode of articulation
a in the fish and reptile allows of much
more extensive motion than that of
the Mammalia ; but some parts of
the spine in the latter possess much
greater capabilities of motion than
others.  Fig. 25 shows one of the
lower vertebr in man @ is the
surface by which it is joined ; 4 the
ring through which the spinal mar-
row passcs, which Mr. Earle has
shown, is, in the various species, of a width proportionate
to the extent of motion enjoyed by the part.

127. The articulation of the spine with the skull, in
the Mammalia, exhibits one of the most curiously artificial
contrivances to be met with in the body. The objcct con-
templated is to produce a hinge that will allow of two
kinds of motion, namely, Ist, such a motion as takes place
when we turn the head from side to side ; and, 2dly, such
a motion as we employ in nodding the head, or one back-
wards and forwards. The mechanism by which this ob-
ject is attained is of a most admirable kind, but at the
same time of a kind which does not readily admit of de-

" scription. It involves a great regard for the protection of
the spinal marrow at the top of the neck, this being per-
haps the most vital portion of the whole body. Injury to
it, or pressure upon it, is instantly fatal.

128. Taken as a whole, the human spine is a most cu-
rious and perfect piece of mechanical art. It combines
the two apparently almost incompatible requisites of great

Fig 25: A Vertebra.

212. Varieties in the vertebral structure.
213. Describe the human vertebra.
214. Wonderful union of the spine with the skulf.
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strength and sufficient flexibility. The flexibility is princi-
pally produced by the number of pieces employed, which
are so firmly knit together, that dislocation of them without
fracture, is a very rare case. Let any one, as Dr. Paley
observes, try, by main force, to separate the vertebrz even
of a hare or rabbit, and he will soon learn how firmly they
are united.

129. The spine is surmounted by the cranium, or skull
(see Fig. 7), which consists of a number of separate
pieces joined together, forming a strong case for the brain,
constructed on the principles of the arch. Connected
with the skull are the organs of the principal s nses and
of mastication, which, amounting, in the large animals, to
a considerable mass, render necessary various contrivances.
In the bird, the head is at the end of a long neck, but the
skull is made extremely light. The skull and bill of a
common fowl are only about the weight of a sixpence.
In the cow, camel, &c., the neck, from the food on which
they live, is necessarily long, and the head is heavy ; and
hence there are powerful muscles, that are attached to the
skull, and to long spines projecting from the back of the
vertebre of the neck, and an elastic rope, or ligament,
fixed also to the same parts, that assists to raise or to sup-
port the head.* In the elephant the weight of the head
1s so enormous, that nature has had, besides these contri-
vances, to shorten the neck so much as to necessitate the
formation of a proboscis, or trunk. One of these saga-
cious creatures died of alingering disorder a few years
ago in Paris. It was never seen to lie down till the day
of its death, and, when very feeble, what seemed to give
it the greatest distress, was the effort requisite to support
its head.

130. The other parts of the skeleton are less essential.
They are modified in numerous ways in different species
to suit particular purposes, and some are occasionally
wanting altogether.

*Vulgarly called pax-wax, or maiden’s hair.

215. How is strength and ﬁexibili;y in the spine secured ?
216. What is eaid of the skgull in different animals ?
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131. The clavicle, or collar-bone (Fig. 7, y), is one
which has obvious and interesting relations. This bone
is perfect in man ; it is imperfect in_ the tiger_‘, &ec. ; and
is wholly wanting in most of the herbivorous tribes. Now,
what can be the reason for these differences? The rea-
son is perceived from knowing the uses of the bone, for
it is of service only where the upper extremities are much
used in laying hold of objects, as in the monkey, squirrel,
man, &c.; and to them it serves the important purpose
of separating the limbs, and thus allowing sufficient ex-
tent of motion. Would it not, then, have been of service
to the cow or the horse ? Certainly not: quite the re-
verse. When, in running down a hill, we fall on om
hands or shoulder, or stop ourselves with our hands
against a wall, one of the most common accidents is dis-
location or fracture of the collar-bone, because this bone
is directly connected with the arm and breast-bone, and,
of course, sustains a great part of the shock. But when
a horse gallops down a hill, or leaps, the shock is greatly
more violent, and yet no bone is broken. The rea-
son of this is learnt by inspecting its skeleton, for we find
that the fore-legs are not connected with the trunk by
bones at all, but by two enormous fleshy muscles attached
to the shoulder-blades (Fig. 7, between the situations of
the letters y and ), between which the heavy body safely
swings.

132. The breast-bone (F'ig. 7, z) is almost rudimentary
in fishes, as they have properly no chest, the gills and
the heart being placed under the head. The same bone
in birds is very large, to give an extensive surface on
which the muscles that move the wings may be fixed.
In the tortoise and turtle its size is enormous, forming a
covering to the whole of the under part of the body.

133. The extremities are parts in which it is very inte-
Testing to trace the modifications which nature employs to
fit the same bones for different uses. In Fig. 7 we see the
human arm and hand, composed of the humerus, or princi-

217. What of the clavicle, and its presence or absence in different
animals ? §

218. What of the breast-bone 7
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pal bone (), the two bones of the fore-arm (radius and ulna,
d,e), the bones of the wrist (f), and the fingers (g). Fig. 26
represents the paddle, or fin,of the porpoise, which might

Fig. 26. Paddle, or fin, of the Porpoise.

almost be taken for some burlesque representation of the
hand and arm of man. The parts are marked with the same
letters, from which it will be seen that the humerus and
bones of the fore-arm are short, flat, and strong, and that the
joints of the fingers have been greatly increased to give
extent of surface. Almast the whole body of the skate
and of the ray-fish is composed of what represent the
two hands, immensely expanded. In Fig. 27, taken from
Dr. Fletcher’s Rudiments of Physiology, the anterior ex-
tremities of different species are sketched, and a mere
inspection will show at once the general resemblance of
the parts and their modifications. As the extremities of
the deer, horse, cow, &c., are formed for solidity, we find,
in different parts, that there is only one solid piece for two,
three, or more bones, in the corresponding parts of man,
but even these solid pieces are found originally to have
been several distinct bones; that have afterwards united.
Of all the modifications which the different portions of the
extremities undergo, the human hand is undoubtedly the
most beautiful. Marks of the greatest care are every-
where visible in the formation of this most admirable
structure ; and whether we regard its fine sensibility, or
the power, rapidity, and delicacy of its movements, we
must acknowledge that no similar part in other animals
can be compared with it. Its chief superiority, as an in-

219. Explaia the diagrams.
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strument of prehension, arises from the length, mobility,
and strength of the thumb, which can act as an antagonist
to all the other fingers, giving us something like the power
of two hands conjoined. Indeed, we notice that monkeys,
squirrels, the opossum, &c., which most resemble us in
these parts, always use both extremities, when they take
up and examine any object.

Fig. 27. Anterior Extremities of Various Species.
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