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PREFACE. Vil

readers, not a mere mass of undigested facts, but something
like an orderly and systematic review of the main points re-
quired to be known by the student.  The Author is conscious
of many imperfections in his plan, and also in the execution of
his plan. The subject, however, is so extensive, and so con-
stantly changing, that he can reasonably claim some indulgence,
if the brief leisure-time of a busy life has not enabled him in
every respect to keep abreast of the latest discoveries. Such
defects as there may be, are, it is hoped, of such a nature as
not to diminish the value of the work for ordinary students.

Amongst the sources upon which the Author has mainly
drawn, it is, perhaps, invidious to mention one more than
another. He feels, however, bound to acknowledge with

gratitude the very great assistance which he has derived from
the various works of Professor Huxley.

EDINBURGH, November 2, 1869,

PREFACE TO FIRST COMPLETE EDITION,

IN issuing the first part of the present work in a second edition,
and in bringing out the second part, the Author has little to
add to what he has already said.

The chief point upon which it may be desirable to say a few
words is, as to the object aimed at in the Introductory portion
of the work. The Introduction is intended to exhibit to the
student, in as brief a form as possible, the leading principles
of Zoological Science. These principles are of the highest
importance, and no adequate knowledge of Zoology can be
attained without their full comprehension, At the same time,
the principles in question depend, in many cases, upon data
which are only evolved during the systematic study of the sub-
ject.  For this reason, it is not to be expected that the student








































































NATURE OF LIFE. 7

what we call life, without losing its hold upon the vital forces
which belong to it.

If, in conclusion, it be asked whether the term “vital force "
is any longer permissible in the mouth of a scientific man,
the question must, I think, be answered in the affirmative,
Formerly, no doubt, the progress of science was retarded and
its growth checked by a too exclusive reference of natural
phenomena to a so-called vital force. Equally unquestionable
1s the fact that the development of Biological science has pro-
gressed contemporaneously with the successive victories gained
by the physicists over the vitalists. Still, no physicist has
hitherto succeeded in explaining any fundamental vital phe-
nomenon upon purely physical and chemical principles. The
simplest vital phenomenon has in it something over and above
the merely chemical and physical forces which we can demon-
strate in the laboratory. Itis easy, for example, to say that
the action of the gastric juice is a chemical one, and doubt-
less the discovery of this fact was a great step in physiological
science. Nevertheless, in spite of the most searching inves-
tigations, it is certain that digestion presents phenomena
which are as yet inexplicable upon any chemical theory. This
1s exemplified in its most striking form, when we look at a
simple organism like the Ameeba. This animalcule, which is
structurally little more than a mobile lump of jelly, digests
as perfectly—as far as the result to itself is concerned—as
does the most highly organised animal with the most complex
digestive apparatus. It takes food into its interior, it digests
it without the presence of a single organ for the purpose; and,
still more, it possesses that inexplicable selective power by
- which it assimilates out of its food such constituents as it
needs, whilst it rejects the remainder. In the present state of
our knowledge, therefore, we must conclude that even in the
process of digestion, as exhibited in the Amceba, there is some-
thing that is not merely physical or chemical. ~Similarly, any
organism when just dead consists of the same protoplasm as
before, in the same forms, and with the same arrangement ;
but it has most unquestionably lost a something by which all its
properties and actions were modified, and some of them were
produced. What that something is, we do not know, and
perhaps never shall know ; and it is possible, though highly
improbable, that future discoveries may demonstrate that it
15 merely a subtle modification of some physical force. In
the meanwhile, as all vital actions exhibit this mysterious
something, it would appear unphilosophical to ignore its exist-
ence altogether, and the term “vital force ” may therefore be






"

DIFFERENCES BETWEEN ANIMALS AND PLANTS. 0

In the case of the higher animals and plants there 1s no
difficulty ; the former being at once distinguished by ‘the
possession of a nervous system, of motor power which can be
voluntarily exercised, and of an internal cavity fitted for the
reception and digestion of solid food. The higher plants, on

- the other hand, possess no nervous system or organs of sense,

are incapable of independent locomotion, and are not provided
with an internal digestive cavity, their food being wholly fluid
or gaseous. These distinctions, however, do not hold good as
regards the lower and less highly organised members of the
two kingdoms, many animals having no nervous system or
internal digestive cavity, whilst many plants possess the power
of locomotion ; so that we are compelled to institute a cioser
comparison in the case of these lower forms of life.

a. form.—As regards external configuration, of all charac-
ters the most obvious, it must be admitted that no absolute
distinction can be laid down bétween plants and animals.
Many of our ordinary zoophytes, such as the Hydroid Polypes,
the sea-shrubs and corals—as, indeed, the name zoophyte
implies—are so similar in external appearance to plants that
they were long described as such. Amongst the Molluscoida,
the common sea-mat (Flustra) is invariably regarded by sea-
side visitors as a sea-weed. Many of the Protozoa are equally
like some of the lower plants (Protophyta); and even at the
present day there are not wanting those who look upon the
sponges as belonging to the vegetable kingdom. On the other
hand, the embryonic forms, or ‘“ zoospores,” of certain un-
doubted plants (such as the Protococcus nivalis, Vaucheria,
&c.) are provided with ciliated processes with which they
swim about, thus coming so closely to resemble some of the
Infusorian animalcules as to have been referred to that divi-
sion of the Protozoa.

b. Internal Structure—Here, again, no line of demarcation
can be drawn between the animal and vegetable kingdoms, In
this respect all plants and animals are fundamentally similar,
being alike composed of molecular, cellular, and fibrous tissues.

¢. Chemical Composition.—Plants, speaking generally, exhibit
a preponderance of ternary compounds of carbon, hydrogen,

and oxygen—such as starch, cellulose, and sugar—uhilst

nitrogenised compounds enter more largely into the compo-
sition of animals. Still both kingdoms contain identical or
T€presentative compounds, though there may be a difference
In the proportion of these to one another. Moreover, the
most characteristic of all vegetable compounds—viz., cellulose
—has been detected in the outer covering of the sea-squirts,












DIFFERENCES BETWEEN DIFFERENT ANIMALS, 13

as every plant—may be regarded from two totally distinct,
and, indeed, often apparently opposite, points of view. From
the first point of view we have to look simply to the laws,
form, and arrangement of the s#rucfures of the organism ; in
short, to its external shape and internal structure. This con-
stitutes the science of morphology (wozen, form, and Aiyoz, dis-
course), From the second, we have to study the vital actions
performed by living beings and the functions discharged by the
different parts of the organism. This constitutes the science
of physiology. )

A third department of zoology is concerned with the rela-
tions of the organism to the external conditions under which
it is placed, constituting a division of the science to which the
term * distribution ” is applied.

Morphology, again, not only treats of the structure of living
beings in their fully-developed condition (anatomy), but is
also concerned with the changes through which every living
being has to pass before it assumes its mature or adult charac-
ters (embryology or development). The term “histology” is
further employed to designate that branch of morphology which
1s specially occupied with the investigation of minute or micro-
scopical tissues.

Physiology treats of all the functions exercised by living
bodies, or by the various definite parts or organs, of which
nost animals are composed. All these functions come under
‘three heads :—r1. Functions of Nulrition, divisible into func-
tions of absorption and metamorphosis, comprising those func-
tions which are necessary for the growth and maintenance of
the organism. 2. Functions of Reproduction, whereby the per-

“ petuation of the species is secured. 3. Hunctions of Correlation,
comprising all those functions (such as sensation and voluntary
motion) by which the external world is brought into relation
with the organism, and the organism in turn reacts upon the
external world.

Of these three, the functions of nutrition and reproduction
are often collectively called the functions of organic or vege-
tative life, as being common to animals and plants ; while the
functions of correlation are called the animal functions, as

being more especially characteristic of, though not peculiar to,
animals.

6. DIFFERENCES BETWEEN DIFFERENT ANIMALS.

_ All the innumerable differences which subsist between dif-
ferent animals may be classed under two heads, corresponding
to the two aspects of every living being, morphological and































o ¥ |
] I v | i
]













- : - : : -'
- - 3 -
. Y \ ; £











































L lel s gLl J











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































