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EREFACE,

THis book is intended to serve as a manual which Students
of Zoology may use in the lecture room, museum, and
laboratory, and as an accompaniment to several well-known
works, cited in the Introduction, most of which follow other
modes of treatment. The volume is, in great part, a re-
edition of manuscript notes which I have sometimes cir-
culated among my students in order to facilitate both their
work and mine. Considering the limited size and purpose
of the book, I have seldom thought it necessary to cite the
authorities from whose works the facts have been obtained.

To these authorities, especially to those cited ih the
“Notes on Books,” 1 acknowledge my indebtedness. 1
desire also to record my obligations to three friends, to Mr.
G. S. Corstorphine, B.Sc., for his revision of the proof-
sheets and for the index, to Mr. Norman Wyld, for most of
the chapter on physiology, and to Mr. William Smith, for
the care he has taken in drawing the illustrations.

SCHOOL OF MEDICINE,
EDINBURGH, Fanuary 1892.
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OUTLINES :QF ZOOLOGY.

CHAPTER L

GENERAL SURVEY OF THE ANIMAL KINGDOM.

THE simplest animals (ProTozoa) are mostly unit masses
of living matter or single cells, and are thus contrasted with
all the other animals which are many-celled (METAZOA).
But these rigid divisions are never quite true, for some
Protozoa form balls of cells and thus bridge the gulf.

It 1s customary to divide the Metazoa into two sets, back-
boneless animals (INvErRTEBRATA) and backboned animals
(VErRTEBRATA), and the distinction is practically useful.
Nowadays, the favourite terms are NoON-CHORDATA and

(CHORDATA.
PACKBONELESS, INVERTERRATE,
NoN-CHORDATE.

Ventral, or lateral, never dorsal nerve-
cords.

The eye is usually derived directly from
the skin.

The heart is dorsal.

A

We may contrast the two sets as follows :—

SACKBONED, VERTEBRATE,
LCHORDATE.

Dorsal nerve-cord (spinal cord, brain).

Dorsal supporting rod (notochord, re-
placed in most by a backbone).

Gillslits  (or visceral clefts) from the
pharynx to the exterior (not used for

_ respiration above amphibians).

I'he essential parts of the eye are
formed from an outgrowth of the
brain.

The heart is ventral.



2 GENERAL SURVEY OF THE ANIMAL KINGDOM.

But all these hard and fast distinctions are apt to be mis-
leading. No zoologist can draw the boundary line between
Invertebrates and Vertebrates with a steady hand. We
hardly know where the backboned series begins,—whether
with the worm-like Balanoglossus and Cephalodiscus, or with
the degenerate Tunicata, or with the remarkable lancelet
(Amphioxus). Moreover, not a few Invertebrate animals
(Nemertean “ worms,” Chetopod * worms,” and even Crus-
taceans) approach Vertebrates in some of their features.

Before we begin with the Invertebrate animals, we must
answer the question, “ How do you know where to start ?”
In other words, we have to explain the * basis of classifi-
cation.” We begin with the animals of simpler structure,
as we would begin architectural studies with the simplest
buildings. We pass thence to more complex forms, and, of
course, we together rank those which show a similar style of
architecture. To some extent we are helped in our order
of procedure by the study of extinct animals and their
gradual appearance upon the earth (Palzontology). -But the
oldest rocks with certain and intelligible fossils, contain
many types of different degrees of complexity, and we can-
not tell from this study alone in what precise order the
simpler animals were evolved. We get more help from the
study of individual development (Embryology). Thus we
learn that most young embryos have the form of a two-
layered sac of cells, a gasérula. This gastrula occurs with
great constancy in the development of animals, and the
conclusion suggested is that the earliest and simplest
Metazoa were like gastrulz.

Classification is based upon structural resemblances (homo-
logies) ; it follows the path of gradually increasing com-
plexity (differentiation); it is corroborated by the results
of embryology and palzontology.
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GENERAL CLASSIFICATION,

Protozoa—unicellular.
Rhizopods, Infusorians, and Gregarinids.

M etazoa—multicellular.

Non-Chordate, Invertebrate, Chordate, Vertebrate,
or Backboneless. Backboned.

or

INVERTEBRATE METAZOA.

After the unicellular Protozoa, we begin with those multi
cellular animals which are least removed from the gastrula-
type, with the Sponges (PoriFera). Next we rank the
Stinging - animals (zoophytes, jellyfish, sea-anemones) or
CELENTERATA, because their simplest forms are not much
more than gastrulee.

The first two classes of Metazoa—the Sponges and the
Stinging-animals—are contrasted in some important features
with all the higher forms.

HicHER Aninals (CELOMATAL

—

SroONGES AND CEELENTERATA.

There is no body-cavity. There is but
one cavity, that of the food-canal.

There is a body-cavity or ccelome
between the food-canal and the walls
of the body. But this body-cavity
is often only incipient, or else almost
obliterated.

There is no definite middle layer of cells
(mesoderm), but rather a middle
jelly (mesogleea).

The symmetry of the gastrula is retained
in the adult, that is, the longitudinal
(oral-aboral) axis of the adult corres-
ponds to the long axis of the gas-
trula. i

There 1s a distinct middle layer of cells
(mesoderm) between the external
ectoderm and the gut-lining endo-
derm.

The longitudinal (head to tail, oral-
aboral) axis of the animal does not
correspond to the long axis of the
gastrula,

Next to the Stinging-animals, I think that the simplest

“worms ” should be ranked. To rank Echinoderms next
Ceelenterates, as many text-books do, is confusing. Though
they seem to agree in symmetry, the transition is very
abrupt. The simplest “ worms” (Turbellarians), however,
are not very far above the gastrula level.

But beyond this beginning, we ‘have little clear light.
There is no class of *“ worms,” but an assemblage of classes
whose affinities are hard to determine. The word * worm ”
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1s a name for a mere skape which animals of very diverse
structure have assumed. They have begun to move head
foremost, and to acquire sides. In this “mob” we may,
however, recognise that the simpler worm-like forms are
unjointed or unringed. They are thus contrasted with
ringed or segmented * worms,” such as the earthworm.
But this segmentation appears gradually. In our dis-
cussion we shall observe the following order :—

Flat Worms j Turbellaria. Planarians (free-living).
or Trematoda. Flukes (parasitic).
Plathelminthes. lf Cestoda. Tapeworms (parasitic).

Nemertea. Ribbon-worms (free-living).
Nematoda. Thread-worms (many parasites).
Some small classes.

. Cheetopoda.  Bristle-footed worms, eg., earth-

Annelids worm and lobworm.
or Discophora or Hirudinea. Leeches (external
Ringed Worms. ? parasites).

Some small sets.

Bryozoa or Polyzoa, e.g., Flustra, the sea-mat.

; Sipunculoidea, e.g., Sipunculus.
Brachiopoda. Lamp-shells.

In the mean time, however, be assured that there is no
class of worms, but think of the assemblage of classes as in
the centre of the invertebrate animals, with affinities on all
sides,—to Echinoderms, Arthropods, Molluscs, and Verte-
brates. They lie in a pool from which many streams flow.

It is probable that the well-defined series of ECHINODER-
MATA—star-fishes, sea-urchins, etc.,—had their origin in some
worm-like type. There are seven classes, of which two are
wholly extinct.

Holothuroidea. Sea-cucumbers.
Echinoidea. Sea-urchins.

\ Asteroidea. Star-fishes.
{ Ophiuroidea. Brittle-stars.

?Crhmidua. Feather-stars.

Cystoidea. } ...
Blastoidea, ; Extinct.

Very different is the Arthropod series, including Crus-
taceans, Insects, Spiders, etc., jointed animals like the
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Annelid worms, but clad in firm armature of chitin and
possessed of jointed appendages to which the name refers.

Crustacea. Crabs, crayfish, *‘ water-fleas,” ete.

Protracheata. FPeripatus, probably a connecting -link Dbetween
some worm-type and Insects.

Myriopoda. Centipedes and millipedes.

Insecta.

Arachnoidea. A miscellaneous class, including not only spiders
and scorpions, but such divergent forms as mites, and pro-
bably the king-crab (ZLimaulus), and the extinet Eurypterids
and Trilobites.

Another branch of the genealogical tree, well-defined
from the others, bears the shelled animals or MoLLusca.
They are unsegmented, and without appendages, and pro-
bably derived from some worm type.

1. Lamellibranchiata. Bivalves.
2. (Gasteropoda. Snails.
3. Cephalopoda. Cuttle-fishes.

And one or two smaller classes.

VERTEBRATE METAZOA.

Near the starting-point of this higher series, we must
place two remarkable worm-like animals— Balanoglossus and
Cephalodiscus. 'They have a dorsal nerve-cord as well as a
ventral ; in the anterior region of the body there is a slight
supporting rod towards the dorsal surface ; there are re-
spiratory slits opening from the beginning of the food.
canal to the exterior. In short, the Vertebrate affinities are
well marked, and we shall at least emphasise the fact that
there are no hard and fast lines of division if we place these
two types at the beginning of the Chordate series. They
form the class ENTEROPNEUSTA (gut-breathers), or HEMI-
cHoRDATA (half-chordate).

Stumbling at the threshold, as it were, are the sea-squirts
or TunNicaTa, or UrocHORDATA, which are distinctly Chor-
date when they are young, but usually degenerate in adol-
escence. The young have a dorsal nerve-cord, a dorsal axis,
gill-slits, a ventral heart, a “ brain-eye,” but with the excep-
tion of a few like Appendicularia, which remain always
young, the adults lose or disguise these Chordate characters.
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A higher stage is represented by the lancelet (Amphioxus),
sole type of the class CEPHALOCHORDATA. This animal is
like a far-off prophecy of a fish, but is perhaps in some
respects degenerate.

Approaching Fishes, but still far from them, are the Round-
mouths or Marsipobranchs, CvcLostomaTa, e.g., the hag
(Myxine) and the lamprey (Pefromyson). They have no
limbs, nor scales, nor true jaws, and their respiratory
arrangements are peculiar.

At last we reach the Fishes (Pisces), finned, scaly, and
jawed, including four great sets :—

1. Elasmobranchii. Gristly fishes, e.g., Sharks and skates.

2. Ganoidei. Heavily armoured fishes, eg., Sturgeon and bony-
pike.

3. Teleostei. Modern bony fishes, e.g., Cod and salmon.

4. Dipnoi. Double-breathing Mud-fishes, in which the swim-bladder
acts as a lung, and aids the gill. Cerafodus, Protopterus.

The double-breathing mud-fishes approach in some degree
towards the next class—the AmPHIBIA, including, besides the
extinct Labyrinthodonts, the following orders :—

1. Gymnophiona, earthworm-like subterranean amphibians, e.g.,
Carcilia,

2. Urodela, tailed animals, like the newts and salamanders.

3. Anura, tail-less forms, frogs and toads.

The Amphibians are soft-skinned, and have fingered
limbs. In their youth they breathe by gills, and they may
retain these throughout life, but whether they keep their
gills or lose them, they always acquire true lungs. There are
not many thoroughgoing distinctions between Amphibians
and Fishes, and the two classes are ranked together as
Ichthyopsida.

What the *“worms” are among Invertebrates, the
REPTILIA are among Vertebrates, an assemblage of classes.
Unfortunately, however, most of these are extinct. In fact
only five classes are now represented :—

I. Chelonia. Tortoises and turtles.

2. Proterosauria.  Sphenodon or Halleria, a remarkable New
Zealand ¢ lizard,”

Lacertilin. Lizards.
Ophidia.  Snakes.
. Crocodilia.  Crocodiles and Alligators.
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Reptiles are scaly-skinned, they never breathe by gills,
their heart is practically four-chambered, their embryos (like
those of Birds and Mammals) have two birth-robes, an
amnion and an allantois. The extinct Saurians are very
numerous and diverse, and have affinities with Birds (and
with Mammals ?) as well as with the modern Reptiles.

There is no doubt that Birds (AvEs) are linked to Reptiles,
not only by resemblances in structure, but by extinct inter-
mediate types. Divergent as they are in habit, they are
ranked together as Sauropsida, in contrast to Fishes and
Amphibians—Ichthyopsida—on the one hand, and to Mam-
mals on the other. Feathers and wings, hot blood and
airy bodies, characterise Birds. There are three great
divisions : —

1. Saururze. Reptile-like birds—the extinet Archeopteryx, with
feathers and wings, but also with teeth and a reptile’s tail.
2. Ratitee. Flat-breasted running birds, e.g., Ostrich and kiwi.
3. Carinatze, Keel-breasted flying birds, e.g., Pigeon and eagle.
¢

Finally, we reach the MammaLia, superficially charac-
terised by the hair on the skin, more profoundly by the milk
which the mothers give to their young. There are three
grades of mammalian excellence :—

1. Prototheria, Ornithodelphia, or Monotremes—the egg-laying
duckmole ( Ornithorkynchius) and Echidna.

2. Metatheria, Didelphia, or Marsupials—the prematurely-bearing,
usually pouch-possessing kangaroos and their relatives.

3. Eutheria, Monodelphia, or Placentals—those in which there is
a close (placental) union between the unborn embryo and its
mother.

The placental Mammals include many orders :—

(@) The primitive sloths and ant-eaters—Edentata.
(4) The primitive dugong and manatee—Sirenia.
(¢) The whales (Cetacea), the hoofed Ungulata (including elephants
and Hyrax), and the Rodentia.
(«/) The Insectivora, the bats (Cheiroptera), and the Carnivora.
(¢) The Lemurs, and the Primates—the monkeys and man.
And extinet forms which link these sets together.
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DIAGR;&M 1.
CHIEF TYPES OF STRUCTURE.

C. Lowest is a single cell, an Amaéda, with irregular outflowings of
its living matter, with a nucleus (n) or cell-kernel, with two con-
tractile vacuoles, and with some large granules in its cell-substance.

Bl. Next is a ball of cells, such as is formed when an ovum or egg-
cell divides ; or it may represent more diagrammatically one of
the exceptional multicellular Protozoa.

(. Third is a gastrula, in section, showing two layers of cells, the
outer ectoderm or epiblast, the inner endoderm or hypoblast, and
the central cavity.

Next lies an unsegmented worm, with a simple blind gut, with an
anterior patch «of nerve-cells from which lateral nerve-cords run fore
and aft.

Above this there is a diagram of a segmented worm, showing a food-
canal (with a darkened mid-gut), a ventral nerve-cord with nerve-centres
or ganglia in each segment, and a dorsal brain. There are also simple
feet.

To the right side is a diagram of a starfish, in which the radiating
nervous system is emphasised.

To the left side is an Arthropod, e.g., a Myriopod, with jointed legs,
a dorsal heart, ventral nerve-cord, dark mid-gut, etc.

To the right again is a rough copy of Ray Lankester’s ideal Mollusc,
showing the dorsal heart, the ventral ‘“foot,” the coiling food-canal,
and other structures which can be readily identified from the chapter
on Molluscs.

Highest is a very diagrammatic ideal vertebrate, showing the dorsal
nervous system, the subjacent notochord, the gut with gill-slits, the
ventral heart, and the segments.
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THE FUNCTIONS OF AXIMALS.
(PHYSIOLOGY.)

Most animals live a conscilous and active life, busied with
the search for food, the wooing of mates, the building of
homes, and the tending of young. These, and other forms
of activity, depend upon internal changes within the bodies
of the animals. For all movements are due to the activity
of contractile parts known as muscles, which are controlled
by centres of thought and by impulse-conducting threads,
in other words, by nerve-ganglia and nerve-fibres.

But as the work done means expenditure of energy,
and is followed by muscular and nervous exhaustion, the
necessity for fresh supplies of energy is obvious. This
recuperation is obtained from food, but before this can
restore the exhausted parts to their normal state, or keep
them from becoming, in any marked degree, exhausted, it
must be rendered soluble, diffused throughout the body,
and so chemically altered that it is readily incorporated into
the animal’s substance.

We may say then that there are two master-activities in
the animal body, those of muscular and those of nervous
parts, to which the other internal activities are subsidiary
conditions, turning food into blood and thus repairing the
waste of matter and energy, keeping up the supply of oxygen
and the warmth of the body, sifting out and removing
waste-products.

Besides the more or less constantly recurrent activities or
functions, which may be summed up under the general
term ‘‘metabolism,” or change, there are two other pro-
cesses which should be ranked on a different platform,
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—growth and reproduction. When income exceeds ex-
penditure in the life of a young animal, growth goes on,
and the inherited qualities of the organism are more and
more perfectly unfolded. At the limit of growth, when the
animal has reached * maturity,” it normally reproduces, that
is to say, liberates parts of itself which give rise to new
individuals.

Division of Labour.—In the first chapter of the fourth
edition of Prof. Foster's Text Book of Physiology, you will
find a graphic account of the activities of the Amaedba. It
moves by contracting its living substance, it draws back sensi-
tively from hurtful influences, it engulfs and digests food,
it gets rid of waste, and it absorbs the oxygen, without which
its living matter cannot continue active or indeed alive.
For activity means, in part, an oxidation, a combustion
of material, and re%piratmn in plants and animals alike
essentially consists in absorbing oxygen, and in liberating
the carbonic acid gas which is one of the waste products
both of life and burning.

But the physiological interest of the Amaéda, and minute
animals like it, 1s that all the activities occur within the
compass of a unit mass of a living matter,—a single cell.
There is no division of labour, there are as yet no parts.

In all other animals, from sponges onwards, there is a
“body ” consisting of hundreds of unit masses or cells. It
1s impossible for these to remain the same, for some are
internal and others external, nor would it be well for
the organism that all its units should persist with the
primitive and many-sided qualities of Amceeba. Division of
labour, consequent on diversity of conditions, is thus estab-
lished in the organism. In some cells one kind of activity
predominates, in others a second, in others a third. And
this division of labour is followed by that complication of
structure which we call differentiation.

Thus, in the fresh-water Aydra, which is one of the
simplest many-celled animals, the units are arranged in two
layers, and form a tubular body. Those of the outer
layer are protective, sensitive, and muscular; those of
the inner layer absorb and digest the food, and are also
muscular,

In worms and higher organisms, there is a middle layer
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in addition to the other two, and this middle layer becomes,
for instance, predominantly muscular. Moreover, the units
or cells are not only arranged In strands or tissues, each
with a predominant function, but they become compacted
into well defined parts or organs.

There 1s no idea more important in physiology than that
of the division of labour, therefore let me state it once
more. The Amebe, and other single-celled organisms,
discharge all the functions (a, &, ¢, 4, ¢, f) within a single
cell.  Structurally these animals are very simple, but the
physiology of a completely functional cell must be very
complex. In a comparatively simple many-celled organism,
like a Hydra, the outer cells discharge several functions (say
a, b, ¢, d), and the inner cells discharge several functions,
partly the same and partly different (say ¢ 4, ¢, ). The
more complex the animal becomes, the more restricted are
the functions of its individual cells; different sets retain
the activities represented by a, &, or ¢, 4, or ¢, £ Thus a
muscle-cell is predominantly contractile, a sense-cell pre-
dominantly sensitive, a ganglion-cell receives, regulates, and
originates nervous impulses, a red blood-cell carries oxygen
from the surface to the innermost recesses of the tissues.
None the less should we remember that each cell remains a
living unit, and that, in addition to its principal activity, it
usually retains others of a subsidiary character. Itisa certain
conclusion, alike of common observation and the most
complete physiological analysis, that one living structure
may have a plurality of functions.

Hisfory.—Physiologists, or those who study the activities
of organisms and of their parts, were at first content to
speak of these as the result of ‘““animal and vital spirits,”
of moods and temperaments. We ought not to do so now
until we have done our utmost to explain the activities in
lower terms.

Stimulated, however, by the anatomists’ disclosure of
organs, the physiologists soon began to explain the organism
as a complex engine of many parts. The muscles were
recognised as the mechanisms which produced movement,
the heart pumped the blood through the body, the brain
was the seat of thought, and so on. This was an ex-
ceedingly necessary and natural step in analysis. Nor has
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it yet been thoroughly taken in every case, for there are
many organs, especially in backboneless animals,about whose
predominant use we are very uncertain. But the physiolog-
ists of this school sometimes finished their work too quickly.
That the liver was an organ for secreting bile was for a long
time deemed a completely satisfactory statement, until it
began to be seen that this organ is the seat of many other
activities. Moreover, some thought that it was possible to
deduce the function of an organ from the nature of its
structure, as one would infer the use of a piston from its
shape. Toa certain extent we can explain the functions of
an organ in terms of its visible structure, as when we shew
how an image is formed on the retina of the eye. But we
cannot, in terms of visible structure, explain another function
of the eye—that of distinguishing the ‘colours” of things.
In short, it must be clearly understood that each organ is
far more than a piece of mechanism in a living engine,—
that it is a complicated factory of living units, each with
subtle and manifold powers.

In 1801, Bichit analysed the animal body into its
component tissues or living strands—muscular, nervous,
glandular, etc., and being a physiologist as well as an
anatomist, tried to explain the activities of the organism in
terms of the contractile, irritable, secretory, or other pro-
perties of its tissues. This was a further step in the analysis,
and one of great importance.

About forty years later, however, it began to be recognised
that the body was a great city of cells, each with a life of its
own. The functions were not merely the activities of organs
of various construction, or of tissues with various properties,
they were the results of the life of the component units or
cells.

Finally, in those last days the physiologists have touched
the bottom in their analysis, for they are striving with might
and main to discover the physical and chemical changes
associated with the living stuff or protoplasm itself. These
are obviously at the foundation of the whole matter.
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A SKETCH OF THE CHIEF FUNCTIONS IN A HIGHER
ORGANISM, SUCH AS MAN.

We have seen that the power of movement is one of the
chief characteristics of animals, but movement implies a
source of energy. This, as is well known, is to be found in
food ; therefore we shall begin by studying the way in which
food is prepared, so that the tissues of the body may
absorb it.

After the solid food is taken into the mouth, it is cut
into small pieces by the teeth, and moistened by saliva, so
that it may be easily swallowed. But the saliva has a
further function. We eat, in one form or another, consider-
able quantities of starch ; but starch occurs as grains of a
size that would make it of little use as food if it were not
digested. Digestion implies physical and chemical changes
which make the solid food-materials soluble, and the saliva
has this effect upon the starch, it transforms it into an easily
soluble sugar. It does this by means of a ferment, which,
however, has never been isolated. The saliva is prepared
in three pairs of glands, situated near the mouth. The
digestion of starch in the mouth is by no means complete,
because it stays there too short a time ; but if a quantity of
starch be boiled, so as to soften and break the walls of
resistent cellulose that surround the starch granules, and a
little saliva added to the mixture, it becomes thin and
transparent, and the presence of sugar can be proved by the
ordinary chemical tests. In a few minutes a considerable
quantity of starch will be transformed into sugar. To what is
this power of the saliva due ? If it be filtered, so as to get
rid of the mucus and other matters, and mixed with fifteen
times its volume of alcohol, a precipitate is formed, which
contains all the more complex substances or proteids. In
time these coagulate, and become insoluble in water ; but
if the precipitate be now washed, the fluid will be found
very active in its starch-transforming powers. So it is neither
in the mucus nor in the proteids that the powers of the
saliva reside. The active substance is not yet known,
it has never been isolated, and can be recognised only by
its powers. It is called ptyalin; its peculiarities are : —
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(1) its inappreciable quantity ;

(2) the dependence of its activity upon temperature, it
being most active at about 35° C, and entirely
destroyed by boiling ;

(3) the fact that it apparently undergoes no change itself
while active, since a very small quantity will trans-
form an unlimited amount of starch if the sugar be
removed as 1t 1s formed.

It therefore belongs to the class of bodies known to chemists
as ferments, and as there are many such active within the
body, we have dwelt at some length upon the general
properties of this, the first one we meet with.

The food cut into pieces by the teeth, moistened, and in
part changed by the saliva, is swallowed, and passes into the
stomach, where it is mixed with a fluid, the gastric juice,
which is manufactured in glands situated in the walls of the
stomach. The walls are muscular, and their contractions
churn and mix the food with the juice. This juice has no
effect upon the starch, and little upon the fat of the food ;
its important action is upon the more complex proteids,
which, being changed and dissolved, are rendered capable
of being absorbed into the blood. There is in gastric juice
a quantity of free hydrochloric acid, and a ferment called
pepsin, analogous in its conduct and dependence on tem-
perature to the ptyalin of the saliva. The acid and the
ferment act together in the process of digestion, neither of
them by itself has any effect, but the acid stops the action
of the ptyalin upon starch.

[The action of the gastric juice upon milk is peculiar ; it is
first curdled, and then part 1s digested. Milk contains fat,
sugar, salts, and proteids, especially one called casein; the
curdling consists in the precipitation of this casein, and is
not due to the acidity of the juice, for it takes place when
the acid is neutralised, but is caused by a ferment called
rennet. |

There is now in the stomach a mixture of solid and dis-
solved foods ; those in solution are the proteids digested by
the gastric juice, and that portion of sugar transformed by
the saliva, besides, of course, any food-stuffs that' may have
been taken as liquids. The solids are the fats and the rest
of the starch, though the fats are partially melted by the
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high temperature, and form an imperfect emulsion. The
stomach is now gradually emptied, partly by the escape of
the semi-digested food through the lower opening, and
partly by the absorption of dissolved parts into the blood.
‘The semi-digested food, as it passes out of the stomach into
the small intestine, is called chyme; when it reaches the
opening into the intestine of the bile duct, and of the duct
from the pancreas, a flow of bile and pancreatic juice takes
place. These being both alkaline tend to neutralise the
acidity of the chyme, and their other uses are as follows :—
The conversion of starch into sugar is recommenced by a
ferment in the pancreatic juice ; by another ferment the fats
are emulsified, that is, the drops become extremely small,
and so can be absorbed ; a third ferment splits the fats
into fatty acids and glycerine, The acids are converted into
soaps to a certain extent by the alkaline contents of the
intestine, this favours the process of emulsification in
which the bile also takes part. On proteids the action of
the pancreatic juice is similar to that of the gastric juice; the
ferment in this case i1s called trypsin. It acts in a neutral
fluid, whereas pepsin requires the presence of hydrochloric
acid. The pancreatic juice is therefore a very powerful one,
repeating with some additions all the digestive processes of
the other glands :—

(1) transforming starch into sugar ;

(2) transforming proteids into soluble peptones ;
(3) emulsifying fat ;

(4) splitting fats into fatty acids and glycerine.

The powers of bile may be summarised as :—

(1) in some animals, a slight power of converting starch
Into sugar ;

(2) by its alkalinity, preparing the way for the action ot
trypsin ;

(3) a slight solvent action on fats, a slight emulsifying
power, and the formation of soaps with fatty acids;

(4) in affecting cell-membranes so that they allow the
passage of small drops of fat and oil ;

(5) various antiseptic qualities.

In addition to the liver and pancreas, there are on the
walls of the small intestine a great number of small glands
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which secrete a juice known as the succus entericus,
which probably seconds the pancreatic juice. The digested
material is in part absorbed into the blood, and the mass of
food still being digested is passed along the small intestine by
means of the muscular contractions of the walls, known as
peristaltic action. It reaches the large intestine, and its
reaction is now distinctly acid by reason of the acid fer-
mentation of the contents. The walls of the large intestine
contain glands similar to those of the small intestine, and
the digestive processes are completed, while absorption also
goes on; so that by the time the mass has reached the
rectum, it is semi-solid, and i1s known as feces. These
contain all the indigestible and undigested remnants of the
food and the useless products of the chemical digestive
processes.

So far, we have dealt with the general process of diges-
tion, that 1s, the preparing the food for absorption into
the blood ; we shall now sketch the manner of absorption,
and the treatment of the absorbed matters after they have
reached the blood. Absorption begins in the stomach by
direct osmosis into the capillaries or fine branches of blood-
vessels 1n its walls, and a similar absorption, especially of
water, takes place along the whole of the digestive tract.
But lining the intestines there are special hair-like projec-
tions called villi; they contain capillaries belonging to the
portal system (blood-vessels going to the liver), and small
vessels known as lacteals connected with lymph spaces in
the wall of the intestine. The lacteals lead into a longi-
tudinal lymph vessel or thoracic duct, which enters one of
the veins of the neck. In the centre of each villus the
lacteals end in blind spaces ; round them is a netted tissue
with many lymph spaces; round these a capillary network
of blood-vessels, and also some muscular fibres used for
shortening and emptying the villus. The whole is enclosed
in a sheath of fine skin or epithelium, The finely divided
fat passes through this epithelium into the lymph spaces of
zlhe netted tissue, then into the lacteals, and so to the thoracic

uct.

The villus empties itself by the contraction of its muscular fibres 3 on
the relaxation of these, the fat is prevented from returning by valves,
while the expansion sucks the fat from the netted tissue. The thoracic

I
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duct, being part of the lymphatic system, contains some lymph(which may
be roughly described as blood minus its red corpuscles), while the chyle
which forms the greater part of the content of the duct is lymph plus
the finely divided fat absorbed from the intestine. Every movement of
the body aids the further progress of the chyle by causing alterations of
pressure, while flow is only permitted in one direction owing to the
great number of valves. The thoracic duct, finally, opens into the

nction of the left jugular and left subclavian veins at the root of the
neck.

The contents of the duct of a fasting animal are clear ; after
a meal they become milky ; the change is due to the matters
discharged into it by the lacteals. It is probable that nearly
all the fat of a meal is absorbed from the intestines by the
lacteals, but it 1s not certain in what measure, if at all, this
1s true of the other dissolved food-stuffs ; the greater part
certainly passes into the capillaries of the portal system,
which are contained in each villus. The peptone or
digested proteid, as it passes through the cells of the villi,
1s changed into other proteids nearly related to those of the
blood, for no peptone is found in the portal vein.

We now know the fate of the fats, and of the proteids of
the food, and the manner in which they pass into the blood;
but we must follow the starchy material, or carbohydrates,
a little further. The starch, we know, is converted into sugar,
and this, with the sugar of the food, passes into the capil-
laries of the wvilli, and is carried to the liver. During diges-
tion there is an increase of sugar in the blood vessel going
to the liver from the intestine, that is, in the portal vein, but
no increase in the vessel leaving the liver. The increase
must therefore be retained in that organ, and we recognise
as one of the functions of the liver, the regulation of the
amount of sugar in the blood. There is no special organ
for the regulation of the amount of fat; the drops pass
through the capillary walls, and are retained in the connective
tissues.

We must remember that all the products of digestion,
except the fat, pass through the liver which receives every-
thing before it is allowed to pass into the blood of the
system. Thus many poisons, especially metals, are arrested
by the liver, and many substances which result from digestive
processes and would be harmful, are altered into harmless
compounds by it. The excess of sugar, we have already
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noted, is stored in the liver. It is converted there into a
substance called glycogen which can be readily retransformed
into sugar according to the needs of the system. Glycogen
is stored in the muscles also, and is the material chiefly
useful as the fuel for the supply of muscular energy and of
the warmth of the body. Thus, if an animal be subjected to
a low temperature, the glycogen of the liver disappears just
as it does during the performance of muscular work.

There is another most important food-stuff to be noticed.
This 1s the oxygen which is absorbed from the air by the
lungs. The lungs we niay picture as a sort of elastic sponge-
work of air chambers, with innumerable blood capillaries in
the walls, enclosed in an air-tight box, the chest, the size of
which constantly and rhythmically varies. When we take in
a breath the size of the chest is increased, the air pressure
within i1s lowered, and the air from without rushes down
the windpipe until the pressure is equalised. The oxygen
of this air combines with a substance called hamoglobin,
contained in the red corpuscles of the blood, and is thus
carried to all parts of the body. The protoplasm of the
tissues having a stronger affinity for oxygen than has the
hamoglobin, takes as much as it requires. The carbonic
acid gas formed as a waste-product is absorbed by the serum
of the blood, and so in time reaches the lungs. But as the
partial pressure of the carbonic acid in the air is lower than
it 1s in the serum, the gas escapes from the latter into the
air chambers of the lungs. When the size of the chest is
decreased, the pressure is increased, and the gas escapes by
the mouth until the pressure is equalised. By the constant
repetition of the breathing movements, oxygen is constantly
being taken in, and carried to the tissues which are in a
marvellous way “ hungry” for it, while the waste carbonic
acid gas is as constantly being removed.

Thus the gaseous waste of animal life is got rid of. But
there is much waste resulting from tissue changes, which
Is not gaseous. It is cast into the blood stream by the
tissues, and has to be got rid of in some way. This is
effected by the kidneys, which are really filters introduced
into the blood stream for the purpose of purifying it. But
they are the most marvellous filters imaginable, and give us
a good example of the intricacy of life processes. For the
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kidneys not only cast out of the blood all the waste-products
that result from the metabolism of proteids and contain
nitrogen ; but they maintain the composition of the blood at
its normal, rejecting any stuffs that vary from that normal,
either qualitatively or quantitatively, doing this work according
to laws quite different from the simple ones of diffusion or
solubility : thus, sugar and urea are about equally soluble,
and yet the sugar is kept in the body, while the urea is
cast out, Ewven substances as insoluble as resins are removed
from the blood by the living cells of the kidneys.

A considerable quantity of water, and traces of salts, fats,
etc., leave the body by the skin, but its chief use is to pro-
tect, and to regulate the temperature by variations in the
size of its blood-vessels.

This completes our sketch of the process by which the
food becomes available for the organism as fuel for the
maintenance of its life energies, and of the removal of the
waste-products which are formed as the ashes of its life. The
purpose of the preceding sketch is merely to give a general
knowledge of the functions of those organs which will be
discovered in the dissection of animal types, and of which
the student beginning the study of Zoology is generally
ignorant. Little need be said, therefore, of the muscles, for
every one knows that by contracting they produce move-
ments of the body or of its parts. The contraction of a
muscle-cell or fibre involves, (1) a visible change of form, (2)
the liberation of heat, and the discharge of water and
carbon dioxide, which show that a chemical change takes
place within, and (3) certain subtle electrical changes, the
meaning of which we do not clearly understand. As to the
rapid chemical change, the results of which are known, it is
plausible to suppose that there is within the muscle-fibre and
under the regulation of its living matter, an encounter
between oxygen on the one hand, and some readily oxidisable
material on the other. The chemical energy of this en-
counter is transformed into heat and into the kinetic energy
bf muscle-movement by which work is done.
~ Nor shall we discuss the nervous system, because to treat
it even in the simplest way would occupy a great deal of
space, and because every one knows in a general way that
ganglia or collections of ganglia, such as our brain, are
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concerned with the translation of sensations from the outer
world into perceptions, and with the origination of move-
ments in accordance with those perceptions; and that nerve-
fibres are used as the paths by which sensations are con-
ducted to nerve-centres, and by which the resulting com-
mands are conducted to the various parts of the body. For
the same reason we give no account of the sense-organs, for
every one knows the purpose of an eye or an ear, and in
noting structure and position is not troubled with doubts as
to function, as often occurs when the internal organs are
being dissected out.

In conclusion, it will perhaps be well to remark, that
when in the course of further studies the student meets with
organs which are called by the same name as those found in
man or in Mammals, as for example, the ‘“liver” of the
Molluscs, he must be careful not to suppose that the
function of such a * liver ” is the same as in Mammals, for
comparatively little investigation into the physiology of the
lower types of animal life has as yet been made. At the
same time he must clearly recognise that the great internal
activities are in a general way the same in all animals : thus,
respiration, whether accomplished by skin, or gills, or air-
tubes, or lungs, by help of the red pigment (hamoglobin) of
the blood, or of some pigment which is not red, or occurring
without the presence of any blood at all, always means that
oxygen is absorbed almost like a kind of food by the tissues,
and that the carbonic acid gas which results from the
oxidation of part of the material of the tissues is removed.

Modern Conception of Profoplasm.—-The activities of
animals are ultimately due to physical and chemical changes
associated with the living matter or protoplasm. This is a
mere truism. We do not know the nature of this living
matter, in fact our most certain knowledge of it is that in
our brains its activity is expressed as thought.

But though we cannot analyse living matter, nor thoroughly
explain the changes by which the material of the body breaks
down or is built up, we can trace, by chemical analysis, how
food passes through various transformations till it becomes
a useable part of the living body, and we can also catch
some of the waste-products formed when muscles or other
parts are active.
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Apart from any theory, it is certain that waste-products
are formed when work is done, and that living animals have
a marvellous power of rapid repair, of ceaselessly changing,
and yet remaining more or less the same. Theory begins
when we attempt to make the general idea of waste and
repair more precise. In the study of * protoplasm,” both
morphologist and physiologist have reached their strict
limits. Further analysis becomes physical and chemical,
and ends in the confession that protoplasm is a marvellous
form of matter in motion or a subtle kind of motion of
which we can form only a very vague conception.

What is known in regard to the structure of protoplasm
does not help the physiologist very much. As we shall
afterwards see, the mmrmcopﬁts discover an intricate net-
work which pervades each unit of living matter, but no
physiologist dreams of explaining the life of a cell in terms
of its microscopically visible structure. Yet, as Professor
Burdon Sanderson says, ‘“ we still hold to the fundamental
principle that living matter acts by virtue of its structure,
provided the term structure be used in a sense which carries
it beyond the limits of anatomical investigation, z.e., beyond
the knowledge which can be attained either by the scalpel
or the microscope.” But in the end this means that living
matter acts in virtue of its peculiar qualities, its characteristic
motion, of which we can form only a hypothetical con-
ceptlon and can give no scientific explanation.

One general idea, however, the study of structure has
suggested, which the conclusiﬂns of physiologists corroborate.
This idea is, that a cell consists of a relatively stable living
framework and of a changeful content enclosed by it.

Now, many physiologists regard the framework as the
genuine living protoplasm, and the contents as the material
upon which it acts. *“The framework is the acting part, which
lives, and is stable ; the content is the acted-on part, which
has never lived, and is labile, that is, in a state of metabolism
or chemical transformation.” This view naturally leads
those who adopt it to regard protoplasm as a sort of ferment
acting on less complex material which is brought to it and
which forms the really changeful part of each cell. You
will remember that the strange characteristic of a ferment
is, that it can act on other substances without being itself
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affected by the changes which it produces, and that it can
go on doing so continuously, with a power which has no
direct relation to its amount. In many ways, therefore,
living matter resembles a ferment.

Somewhat different, however, is another idea, that the
protoplasm is itself the seat of constant change, that it is
constantly being unmade and remade. On the one hand,
more or less crude food passes into life by an ascending
series of assimilative or constructive chemical changes with
each of which the material becomes molecularly more
complex and more unstable. On the other hand, the
protoplasm, as it becomes active or a source of energy,
breaks down in a descending series of disruptive or de
structive chemical changes ending in waste products.

The former view, which considers protoplasm as a sort of
ferment, restricts the metabolism to the material on which
the protoplasm acts. The second view regards protoplasm
as the climax or central term of the constructive and dis-
ruptive metabolism.

Anabolism and Katabolism.—All physiologists are agreed
that in life there is a twofold process of waste and repair, of
discharge and restitution, of activity and recuperative rest.
But there 1s no certainty as to the precise nature of this
twofold process.

In your future physiological studies, you will have to consider the
power that our eyes have of appreciating those different kinds of light
which give rise to sensations of colour. It was in studying these that
Professor Hering was led to an interesting theory of living matter. He
supposes that there exist in or about the retina three different ‘¢ visual
substances,” which we may call A, B, C. He supposes that each of these
is continually undergoing one of two kinds of metabolism. It is either
being built up by assimilation, or it is being broken down in disassimila-
tion. He supposes that each of these substances is affected by two kinds
of light, and that these two kinds of light have opposite influences on
the metabolism of the substance. When we have a sensation of white,
or of red, or of yellow, it is supposed that in one of the three kinds of
visual substance disassimilation is preponderant. When we have a sen-
sation of black, or of green, or of blue, it is supposed that in one of the
three kinds of visual substances assimilation is preponderant. IExcess
of disassimilation in A, gives us the sensation of white ; excess of assimil-
ation of A, gives us the sensation of black ; and similarly with red and
green for B, with yellow and blue for C,

But generalising from his studies on colour sensation, Hering was led
to regard all life as an alternation of two kinds of activity, both induced
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by stimulus, the one tending to storage, construction, assimilation of
material, the other tending to explosion, disruption, disassimilation.
Both processes are, according to Hering, activities ; both are dependent
upon stimulus ; they differ, however, in direction and results.

In your future physiological studies, you will also learn of the paths
or channels by which the brain sends its mysterious commands to the
various parts of the body. You will learn that some of these bear
impulses to activity, while others convey commands which send the
affected part to rest.

It was in studying and greatly elucidating these interesting facts, that
Professor Gaskell was led to a theory of vital action somewhat different
from that of Hering.

Gaskell believes that life means an alternation of two processes, one of
them a running down or disruption (katabolism), the other a winding
up or construction (anabolism), The disruptive or katabolic process in
which energy is discharged, takes place occasionally and in obedience to
stimulus ; the constructive or anabolic process of restitution goes on con-
stantly and of itself, 7.e., without the necessity of stimulus. Thus Gaskell’s
theory suggests an alternation of activity and rest, of stimulated disruption
and self-regulative construction, while Hering’s theory suggests an
alternation of two antagonistic kinds of activity, assimilation and dis-
assimilation, both requiring stimulus. The student will find the theories,
which I have briefly noticed, discussed in Professor M. Foster’s article
PraysioLoGy, in the Encyclopedia Britannica, and in an address by
Professor Burdon Sanderson (British Association Reports, 1889, and
also published in Nature, September 1889).



CHAPTER IIL

THE ELEMENTS OF STRUCTURE.

(MORPHOLOGY.)

ANIMALS may be studied alive or dead, in regard to their
activities or in regard to their parts. We may ask how they
live, or what they are made of ; we may investigate their
functions or their structure. The study of life, activity,
function, is physiology ; the study of parts, architecture,
structure, i1s morphology.

The first task of the morphologist is to describe structure
(descriptive anatomy) ; the second is to compare the parts
of one animal with those of another, discovering structural
resemblances or homologies (comparative anatomy); the
third is to generalise, to formulate the * principles of
morphology ” or the laws of vital architecture. But in none
of his tasks, least of all in the last, can he help being or
trying to be a physiologist and an evolutionist also.

But just as the physiologist may investigate life or activity
at different levels, passing from his study of the animal as
a unity with habits and temperaments, to consider it as an
engine of organs, a web of tissues, a city of cells, and a
whirlpool of living matter ; so the morphologist has to
investigate the form of the whole animal, then in succession
its organs, their component tissues, their component cells,
and finally, the structure of protoplasm itself. The tasks of
morphology and of physiology are parallel.

Morphology thus includes not only the description of
external form, not only the anatomy of organs, but also that
minute anammy of tissues and cells and protoplasm which
we call histology. Moreover, there is no real difference
between studying fossil animals which died and were buried
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countless years ago, and dissecting a modern frog. The
anatomical paleontologist is also a student of morphology.
Finally, as the greater part of embryology consists in study-
ing the anatomy and histology of an organism at various
stages of its development, the work of the embryologist is
also in the main morphological, though of course he ought
also to inform us, if he can, about the physiology of develop-
ment.

Morphology, then, may be defined as ‘the study of all
the statical aspects of organisms,” in contrast to physiology
which is concerned with their vital dynamics. In this
chapter, we shall follow the historical development of mor-
phology, and work from the outside inwards in deeper and
deeper analysis.

I. ExTERNAL FoRM.

I have not to speak of the beautiful shapes of animals,
nor of the manner in which form is adapted, for instance in
fishes and birds, to the conditions of life ; I call your atten-
tion to more commonplace but essential facts. Sponges and
Stinging-animals have an entirely different symmetry from all
other Metazoa. For while most many-celled animals pass in
early life through an embryonic stage called the gastrula—
an oval or thimble-shaped sac of two layers of cells—the
Sponges and Ccelenterates alone preserve the symmetry
of this stage. In a simple tubular sponge, in Aydra, or
in a sea-anemone, the oral-aboral or long axis extend-
ing from the mouth to the other pole of the body, cor-
responds to the long axis of the gastrula. Round this axis,
moreover, the simple sponge and almost every ccelenterate
1s radially symmetrical. It is the same all round. In other
animals, however, the long axis of the body, the oral-aboral
axis, say of an earthworm or a fish, does no# correspond to
the longitudinal (but rather to the transverse) axis of the
gastrula, Moreover, these animals are bilaterally not radi-
ally symmetrical. They have a head and a tail, and two sides.
'-:3011"1& worm-like animals seem to have begun the profitable
habit of moving head foremost ; had they not done so, we
should never have known our right hand from our left. The
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radiate symmetry of star-fishes and sea-urchins, may occur
to you as an exception, but it is more apparent than real,
and, as their bilateral embryos show, it is secondarily de-
rived. Another very important fact in symmetry 1s the
formation of successive segments, as in Annelids and
Arthropods. In the course of our systematic survey, we
shall refer to other questions of symmetry, such as the
marked lop-sidedness in snails, and the contrast between
backboneless and backboned animals, according to which
Vertebrates may be thought of as arising from worms turned
upside down, from inverted Invertebrates.

II. QOrRGANS.

We usually give this name to any well-defined part of an
animal, such as limb or liver, heart or brain. The word
suggests the 1dea of a piece of mechanism, but the animal is
more than a complex engine, and many “organs” have
several different kinds of activities to which their structure
gives no clue.

Differentiation and Integration.—When we review the
animal series, or study the development of an individual, we
see that organs appear gradually. The gastrula cavity—the
future stomach, etc.,—is the first acquisition, but some would
make out that it was primitively a brood-chamber. To
begin with, it is a simple sac, but it soon becomes complic-
ated by digestive and other outgrowths. The progress of
the individual, and of the race, is from simplicity to
complexity. When we think over the animal series we also
notice that before definite nervous organs appear there
is diffuse sensitiveness, before definite muscular organs
appear there is diffuse contractility, and so on. In other
words, the attainment of organs means specialisation of
parts, or concentration of functions in particular areas of
the body.

Contrast a frog with Aydra, and one of the great facts
about the evolution of organs is illustrated. Among the
living units which make up a frog, there is much more
division of labour than there is among those of Hydra. An
excised representative sample of /ydra will reproduce the
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whole, but you cannot perform this experiment with the frog.
Now, the structural result of physiological division of labour
1s differentiation. The animal, or part of it, becomes more
complex, more heterogeneous.

Contrast a bird and a sponge this time, and another great
fact about the evolution of organs is illustrated. Every one
feels that the bird is more of a unity than a sponge; its parts
are more closely knit together and more adequately sub-
ordinated to the life of the whole. We call this kind of
progress, integration.  Differentiation involves the acqui-
sition of new parts and powers, these are consolidated and
harmonised as the animal becomes more “ integrated.”

Correlation of Organs.—It is of the very nature of an
organism that its parts should be mutually dependent. The
organs are all partners in the business of life, and, if one
member suffer, others also are affected. This is especially
true of certain organs which have developed and evolved
together, and are knit by close physiological bonds. Thus
the blood-vascular and the respiratory systems, the muscular
and the skeletal systems, the brain and the sense-organs, are
very closely united, and we say that they are correlated. A
variation, for better or worse, in one system often brings
about a correlated variation in another, but sometimes we
cannot trace the connection.

Hamm’agam Organs.—QOrgans which arise from the same
primitive layer of the embryo (see next Chapter), have
something in common. But when a number of organs arise
in the same way, from the same embryonic material, and are
at first fashioned on the same plan, they have still more in
common. Nor will this fundamental sameness be affected
though the final shape and use of the various organs be
very different. We call organs which are thus structurally
and developmentally similar, /Aomologons. It obviously
makes no difference whether they belong to the same or to
different animals; the nineteen pairs of appendages on a
crayfish are all hamolugous the three pairs of “jaws” in an
insect are homologous with the insect’s legs; and it is also
true that the fore-leg of a frog, the wing of a bird, the flipper
of a whale, the arm of a man, are all homulugﬂu&. But the
wing of a bird and the wing of an insect are not really similar;
though they are both organs of flight, they are only mzafmrmm
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Similarly, gills are analogous but not homologous with lungs.
Yet two organs may be both homologous and analogous,
e.g., the wing of a bird and the wing of a bat, for both are
fore-limbs, and both are organs of flight.

Change of Function.— Division of labour involves restriction
of functions in the several parts of an animal, and no higher
Metazoa could have arisen if all the cells had remained with
the many-sided qualities of Amaebz. Yet we must avoid
thinking about organs as if they were necessarily active in
one way only. For many organs, e.g., the liver, have several
very distinct functions, and we know how wondrously diverse
are the activities in our brains. In addition to the main
function of an organ there are often secondary functions :
thus, the wings of an insect are respiratory as well as loco-
motor, and part of the food-canal of Tunicates and
Amphioxus 1s almost wholly subservient to respiration.
Moreover, in organs which are not very highly specialised,
it seems as 1f the component elements retained a considerable
degree of individuality, so that in course of time what was
a secondary function may become the primary one. Thus
Dohrn, who has especially emphasised this idea of function-
change, says, “ Every function is the resultant of several
components, of which one is the chief or primary function,
while the others are subsidiary or secondary. The dimin-
ution of the chief function and the accession of a secondary
function changes the total function ; the secondary function
becomes gradually the chief one; the result is the modifi-
cation of the organ.” Notice, in illustration, how the
structure known as the allantois is an unimportant bladder
in the frog, while in Birds and Reptiles it forms a birth-robe
(chiefly respiratory) around the embryo, and in most
Mammals forms part of the placenta which effects nutritive
connection between offspring and mother. The stalk of this
allantois forms the urinary bladder of Mammals, and of those
Reptiles which have one. In illustration it is sometimes
said . that the swim-bladders of Fishes, especially of the
Dipnoi, represent the lungs of higher Vertebrates, but there
are several objections to this statement.

“ Substitution of Organs.”—The idea of several changes
of function in the evolution of some organs, suggests another
of not less importance which has recently been emphasised
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by Kleinenberg. An illustration will explain it better than a
concise statement. In the simplest Chordata, young Tuni-
cates and Amphioxus, and in the early stages of all vertebrate
embryos, the supporting skeleton is a dorsal rod or notochord,
developed along the dorsal wall of the gut. In Vertebrates,
from Fishes onwards, this embryonic axis is replaced by the
vertebral column or backbone ; it does not become, but
is replaced by the backbone. It is a temporary structure,
around which the vertebral column is constructed, as a tall
chimney may be built around an internal scaffolding of wood.
Yet, as we have said, it remains as the axial skeleton in
Amphioxus, likewise in great part in hagfish and lamprey,
but becomes less and less persistent in adult life, as its
substitute, the backbone, develops more perfectly in Fishes
and higher Vertebrates. Now, what is the relation between
the notochord and its substitute the backbone, seeing that
the former certainly does not become the latter? Kleinen-
berg’s suggestion is that the notochord supplies the stimulus,
the necessary condition, for the formation of the cartilaginous
and eventually bony vertebral column. Of course, we
require to know more about the way in which an old-fashioned
structure may stimulate the growth of its future substitute,
but the general idea of one organ leading on to another is
clear and suggestive. It 1s consistent with the vague idea
which we all have, that every stage in development supplies
the necessary stimulus for the next step; moreover, it
enables us to understand more clearly the persistence of
new structures too incipient to be of use.

Rudimentary Organs.——In many animals there are struct-
ures which attain no complete development, which are
rudimentary in comparison with those of related forms, and
are retrogressive when compared with their promise in
embryonic life. It is necessary to distinguish various kinds
of “ rudimentary structure.” (a) As a pathological variation,
probably due to some germinal defect, or to the inefficient
nutrition of the embryo, the heart of an individual mammal is
sometimes incompletely formed. Other organs may be simi-
larly spoilt in the making. We may call these illustrations of
arrested development. (b) Some animals lose, in the course
of their life, some of the most promiseful characteristics of
their larval life : thus parasitic Crustaceans at first free-living,
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and sessile sea-squirts at first free-swimming, always undergo
degeneration. The retrogression can be seen in each life-
time. But the little Kiwi of New Zealand, with mere
apologies for wings, and many cave-fishes and cave-
crustaceans with slight hints of eyes, illustrate degeneration
which has taken such a hold of the animals that the young
stages also are degenerate. The retrogression cannot be
seen In each lifetime, evident as it is when we compare
these degenerate forms mth their ancestral ideal. (¢) But
by “rudimentary organs” we mean very often structures
somewhat different, e.g., the branchial or wvisceral clefts
which persist in embryonic Reptiles, Birds, and Mammals,
though they serve no obvious purpose, or the embryonic
teeth of whalebone whales, of the duckmole, and of parrots.
These are ““ vestigial structures,” traces of ancestral history,
and explicable on no other theory. The branchial clefts
are used for respiration in all Vertebrates below Reptiles : the
ancestors of whalebone whales, of the duckmole, of Birds,
doubtless had functional teeth. In regard to these persistent
vestigial structures, it must also be recognised that we are not
warranted in calling them useless. Though they themselves
serve no obvious purpose, they may be, as Kleinenberg sug-
gests, the necessary conditions of some useful structure.
Classification of Organs.—We may arrange the various
parts of the body ph}fﬁiﬂlﬂgically, according to their share in
the life. Thus, some parts have most to do with the exzernal
relations of the animals ; ; such are the external appendages,
locomotor, prehensile, food-receiving, protective, aggressive,
and cnpulatury Of internal parts, the skeletal structures are .
passive ; the nervous, muscular, and glandular parts are active.
The reproductive organs are distinct from all the rest. They
are often called * gonads,” and should never be called glands.
Another important classification of organs is embryological,
i.e., according to the embryonic layer from which the various
parts arise. Thus, the outer layer of the embryo (the
ectoderm or epiblast) forms in the adult (1) the outer skin
or epidermis, (2) the nervous system, (3) much at least of
the sense-organs: the inner layer of the embryo (the
endoderm or hypoblast) forms at least an important part
(the *“*mid-gut”) of the food-canal, and the basis of outgrowths
(lungs, liver, pancreas, etc.) w hich m may arise therefrom, and
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also the notochord of Vertebrates: the middle layer of the
embryo (the mesoderm or mesoblast) forms all the rest, e.g.,
skeleton, connective swathings, muscle, and (according to
most authorities) the vascular system. But we shall return
to this subject in the next chapter.

It 1s important to adopt some order of description. It is
obviously prejudicial to the success of your work and to the
health of your brains, to describe an animal in any order
that occurs to you, to skip from food-canal to kidney, or
from heart to reproductive organs. Therefore, in my de-
scriptions I shall follow, almost consistently, this order of
treatment :—mode of life, form, external appendages, skin,
skeleton, muscle, nervous system, sense-organs, food-canal,
body-cavity, vascular system, respiratory system, excretory
system, reproductive organs, development.

II1. TissUEs.

Zoological anatomists, of whom Cuvier may be taken as
type, analyse animals into their component organs, and dis-
cover the real resemblances or homologies between one
animal and another. But as early as 1801, Bichit had pub-
lished an Anatomie Générale in which he carried the analysis
further, showing that the organs were composed of #ssues,
contractile, nervous, glandular, etc. In 1838-9,5chwannand
Schleiden formulated the * cell theory,” in which was stated
the result of yet deeper analysis—that all organisms have a
cellular structure and origin. The simplest animals (Protozoa)
are almost always single cells or unit masses of living matter ;
as such all animals begin; and all, except the simplest, consist
of hundreds of these cells united into more or less homo-
geneous companies (tissues) which may be compacted, as
we have seen, into organs. If we think of the organism as
a great city of cells, the tissues represent streets (like some
of those in Leipzig) in each of which some one kind of
industry predominates, while subsidiary activities are also
retained.

~ The study of the structure of tissues and cells is some-
times called microscopic or minute anatomy, or is dignified
by the special title of histology. Since Leydig gave a strong
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foundation to comparative histology in his remarkable
Lehrbuch der Histologle des Menschen wund der Thiere
(Frankfurt, 1857), the study has been prosecuted with great
enthusiasm and success, and has been constantly stimulated
by improvements in microscopic apparatus and technique.

We shall refer to interesting histological items in the
course of our studies, meanwhile we shall consider very
briefly the four great kinds of tissue :—Epithehal, Con-
nective, Muscular, and Nervous.

(a) Epithelial Tissue.

In the development of many animals, the ovum divides and re-divides
till a hollow ball of cells results. The cavity is bounded by a layer of
similar cells, which often bear motile lashes or cilia on their outer ends.
Such a layer of cells illustrates what is meant by epithelium, and the
same simple kind of tissue composes all young embryos. Considered
embryologically, epithelium is the most primitive kind of tissue.

Similarly, such an organism as Fo/oex, one of those which bridge the
gulf between single-celled and many-celled animals, consists of a ball of
cells not unlike the embryonic stage to which I have just referred. It
is a hollow sphere of epithelium. So Aydra is a tubular animal, with
two layers of cells, an external and an internal epithelium, in which
complications have just begun to arise. Considered historically,
epithelium is the most primitive kind of tissue.

In all epithelium which has not been much modified, the cells have
two distinct poles. The outer pole is distinguished by cilia, or a sensitive
process, or a passive cuticular rim, or pigment, etc., from the basal or
internal one. We can readily understand this, if we think of Faleex,
or of the hollow embryonic ball, where the outer parts of the cell
obviously have a different environment from the internal ends. A great
many different kinds of tissue retain traces of epithelial origin and of
polar differentiations in their cells. But epithelial tissue has many
difterent forms in the more complex animals. The external layer of the
skin (epidermis), the internal lining of the food-canal and its out-
growths, the lining of the body-cavity, and the swathing of the organs
moored therein (endothelium), are all epithelial.  Epithelium may be
single-layered or stratified ; its cells may be columnar, scale-like,
or otherwise. The cells may be close together, or separated by inter-
cellular spaces, and they are often connected by bridges of living matter,
Nor are the functions of epithelium less diverse than its forms, for it
may be ciliated (effecting locomotion, food-wafting, and respiration), or
sensitive (and as such forming sense-organs), or glandular {]flmrniing
certain products or even the whole contents of its component cells), or
pigmented (and thus associated with respiration, excretion, and protec-
tion), or covered externally with a sweated-off cuticle, susceptible of
many modifications (especially of protective value).

C
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() Connective Tissue.

I am afraid that this term is somewhat like the title ** worms.” It

includes too many different kinds of things to mean much. It represents
a sort of histological lumber-room.

The embryologists help us a little, for they have shown that all forms
of connective tissue are derived from the mesoderm or middle layer of the
embryo. As this mesoderm usually arises in the form of outgrowths from
the gut, or from (*‘ mesenchyme ”’) cells liberated at an early stage from
either (?) of the two other layers of the embryo (ectoderm or endoderm),
we may say that connective tissue is primarily derived from epithelium.
Sometimes, e.g., in the lancelet (4 mphioxus), this origin is very evident.
Moreover, in the Sponges and Stinging-animals which have no strict
mesoderm, there is usually a middle stratum (*‘ mesogleea ™), of a
gelatinous character in jellyfishes, with more abundant cells in Sponges.
It must be included as a form of ** connective tissue,” and it is derived
from the outer and inner layeis which enclose it.

The general function of *‘ connective tissue ” is to enswathe, to bind,
and to support, but the forms assumed are very various.

() The cells may be close together, without any intercellular
““mortar ¥ or matrix. They may contain large vacuoles, and thus pro-
duce the appearance of a network, or they may be crammed with fat or
with pigment.

(6) In other cases the cells of the connective tissue lie in a matrix,
which they exude, or into which they in part die away. Such cells are
very often irregular in outline, and give off in most cases fine processes,
which traverse the matrix as a network. The fibrous tissue of tendons
and the different kinds of gristle or cartilage, are good illustrations of
connective tissue with much matrix. Cartilage is sometimes hardened
by the deposition of lime salts in its substance, and then has a slight re-
semblance to another kind of ‘¢ connective tissue "—bone. But bone,
which is restricted to Vertebrate animals, is quite different from the
cartilage which it often succeeds and replaces. It is made by strands or
layers of special bone-forming cells (osteoblasts), which may rest on a
cartilage foundation, or may be quite independent. These osteoblasts
form the bone matrix, and some of them are involved in it, and become
the permanent bone-cells. These have numerous radiating branches,
and are arranged in layers, usually around a cavity or a blood-vessel.

There are no blood-vessels in cartilage). The matrix becomes very
rich in lime salts (especially phosphate) ; and the {:artilnge foundation,
if there was one, is quite destroyed by the new formation. Here we
may also note two important fluid tissues, the floating corpuscles or cells
of the blood, and those of the body-cavity or *¢ perivisceral " fluid, which
is often abundant and important in backboneless animals.

(¢) Muscular Tissue.

Origin.—The single-celled Amada moves by flowing out on one side
and drawing in its substance on another. It is diffusely contractile, and
it has also sensitive, digestive, and other functions.

—m b= naa
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In Hydra and some other Coelenterates, the bases of the epithelial
cells which form the outer layer and line the internal cavity, are pro-
longed into contractile roots. By the activity of these muscular roots
the Hydra elongates and contracts its body. Here then we have cells
of which a special part discharges a contractile or muscular function,
while the other parts of the cells retain other powers. (The external
contractile cells in Aydra are often called ‘‘ neuro-muscular,” as if they
combined nervous and muscular functions. It is possible that they do,
but the existence of special nerve-cells does not favour the idea in this
case at least.)

In other Ccelenterates, the muscular cells are still directly connected
with the epithelium, but become more and more exclusively devoted to
the function of contraction. In all other animals the muscular tissue
is derived from the mesoderm, which, as we have already mentioned, is
not distinctly present in Ceelenterates. In the majority the muscle-cells
arise on the walls of the body-cavity, and their origin may often at least
be justly described as epithelial. But in other cases the muscles are
started by those wandering *‘ mesenchyme ™ cells, to which we have
already referred.

So, as regards origin, muscular tissue may be classified as follows :—

1. In Cecelenterates, where there is no definite ** mesoderm,” the
muscle-elements arise from the ectodermic and endodermic
epithelium, of which they often form a direct part. In the
passive Sponges, the contractile elements are few and un-
important.

2. In other animals the muscle-elements arise from the middle
layer, but O. and R. Hertwig distinguish between those which
have an ‘‘ epithelial ¥ and those which have a ‘* mesenchy-
matous ' origin.

Structure.—A distinction is usually drawn between striped and un
striped muscle-fibres, but, according to the Hertwigs, this distinction is
of little morphological value.

Smooth or unstriped muscle-fibres are elongated contractile cells, ex-
ternally homogeneous in appearance. They are especially abundant in
sluggish animals, e.g., Molluscs, and occur in the walls of the gut,
bladder, and blood-vessels of Vertebrates, where they are somewhat
quaintly called **involuntary.” They are less perfectly differentiated
than striped muscle-fibres, and usually contract more slowly.

A striped muscle-fibre is a cell, the greater part of which is modified
into a set of parallel longitudinal fibrils, with alternating *‘ clear and
dark ” transverse stripes. A residue of unmodified cell-substance, with a
nucleus or with many, is often to be observed on the side of the fibre,
and a slight sheath or sarcolemma forms the ““cell-wall.” Many muscle-
fibres closely combined, and wrapped in a sheath of connective tissue,
form a muscle, which, as every one knows, can contract with extreme
rapidity when stimulated by a nervous impulse.

The contraction involves a visible change of form, associaled with a
chemical ** explosion ” in the cell-substance with the production of heat
and waste-products, and with subtle changes of electric potential. One
of the greatest marvels of animal life, 1s the strength and sustained
power of muscles.
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The minute structure of muscle has been studied with extraordinary
enthusiasm for many years, but the result is not quite certain. Accord-
ing to many, there is within the muscle-fibre, as within many another
cell, an intricate network with a more fluid stuff in its meshes. If this be
true, it is likely enough that the strands of the network are the most
directly important elements in contraction.

But most attention has been bestowed on the transverse markings, in
regard to which there are many theories. I believe in the simplest,
that of Dr. Berry Haycraft according to whose results the markings are
optical effects due to the shape of the fibre. He maintains that the fibre
15 made up of many uniform ampullated or beaded fibrils. The
“*stripes ' do not mark the position of alternating layers of different
structure, they mark the shape of the fibre. Dr. Haycraft has recently
found a conclusive corroboration of his reasonable theory, in the fact that
muscle-fibres pressed upon a collodion film leave a stamp upon its
surface, on which the cross-striping can be clearly seen and photo-
graphed.

(&) Nervous Tissue.

Origin.—5Starting again with the Ameda, we recognise that it is
sensitive, and that a stimulus can pass from one part of the cell to
another.

In some Ccelenterates it is possible that some of the external cells
combine contractile, nervous, and even other functions. Under this
impression many call them ** neuro-muscular.™

But in Aydra, there are special nervous or sensitive cells, whose basal
prolongations are connected with the contractile roots already described.
Here there is a neuro-muscular apparatus of the simplest kind. The
nerve-cells seem to receive impressions from without, and transmit
them as stimuli to the contractile elements.

In sea-anemones (Actinia), and some other Ceelenterates, there is an
interesting complication, withal very simple. There are superficial
sensory cells, connected with subjacent nerve- or ganglion-cells, from
which fibres pass to the contractile elements.

In higher animals the sensory cells are integrated into sense-organs,
the ganglionic cells into gangha, while the delicate fibres which form
the connections between sensory cells and ganglionic cells, and between
the latter and muscles, are represented by well-developed nerves.

Sensitive cells analogous to  sense-organs of higher animals,

Basal prolongations 5 sensory or afferent nerve-fibres.
Ganglion-cells 5 brain or ganglia.

Fibrous prolongations i motor or efferent nerve-fibres.

Muscular cells L muscles.

5o far as we know, nervous tissue always arises from the outer or
ectodermic layer of the embryo, as we would expect from the fact that it
is the layer which, in the course of history, has been most directly
subjected to external influences. How nervous structures precisely arise,
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and how they gradually become less superficial, we shall see in our
systematic studies. +

Structure.—Let us consider first the ganglionic cells which receive
stimuli and shunt them, which regulate the whole life of the organism,
and are the physical conditions of ‘spontaneous” activity and in-
telligence. The simplest are prolonged at one pole into an outgrowth
which branches into an afferent and efferent nerve-fibre. Most, how-
ever, give off outgrowths from two poles or on all sides. Internally
they exhibit a kernel or nucleus, and they consist in great part of a
network or coil of fine fibrils. Within ganglia the ganglionic cells
usually lie embedded in a fibrous cellular substance called neuroglia,
which most histologists regard as an ensheathing and supporting material.

In all but a few of the simplest multicellular animals, the nerve-fibres
are surrounded by a sheath called the neurilemma, which is said to be
formed by adjacent connective tissue. Several nerve-fibres may combine
to form a nerve, but each still remains ensheathed in its neurilemma.
In vertebrate animals, each nerve-fibre usually consists of an internal
‘‘axis cylinder,” the important part, and an external unessential medullary
sheath whose texture suggests fat. But even in the higher Vertebrates,
** non-medullated ¥ or simply-contoured nerve-fibres are found in the
sympathetic and olfactory nerves, and this simpler type alone occurs in
haghsh, lamprey, and lancelet, as well as in all the Invertebrates with
distinct nerves. Furthermore, it should be noted that nerves are usually
surrounded by an enveloping nucleated layer called Schwann’s sheath,
or else by neuroglia.

Careful preparation of a nerve-fibre shows that it consists of numerous
fibrils like those seen within a ganglion-cell. These are usually regarded
as the essential elements in conducting impressions, but some maintain,
whether rightly or wrongly I am not able to judge, that the essential
part is the less compact, sometimes well-nigh fluid stuff between the
fibrils, or that the fibrils are but the walls of tubes within which the
essentially nervous stuff lies. As in other cases, the microscopic
morphologists discover intricacies in regard to the import of which
physiological conclusions are hardly possible.

But you may reasonably ask what these nerve-fibres are. I do not
think that any one can at present give a decisive answer. According to
most authorities, they are extensive prolongations of the ganglion-cells,
and there is no doubt that the nerves of Vertebrates grow from the
central system outwards. Bul to others it seems plausible that the
neuroglia or other ensheathing elements contribute to the extension of
the nerve-fibres, or rather that special cells make both sheath and fibre.
It is possible that both theories are right.
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IV. CELLs.

In discussing tissues, it was necessary to refer to the
component cells. Now we shall consider the chief charac-
teristics of these elements.

A cell 1s a unit mass of living matter. Most of the
simplest animals and plants (Protozoa and Protophyta) are
single cells ; eggs and male elements are single cells ; but in
the multicellular organisms the components are closely com-
bined into tissues and organs.

Most cells are too small to be distinguished except
through lenses ; Amaba, Paramacium, and many Protozoa
are visible to our unaided eyes; the chalk-forming Fora-
minifera are single cells, whose shells are sometimes as large
as pin-heads, and some of the extinct kinds were as big as
half-crowns ; the bast-cells of plants may extend for several
inches ; the largest animal cells are eggs distended with yolk.

History.—The word “* cell ” was first used in histological description
by Hooke (1665), and Grew (1671-5), but not in a very accurate or
definite way. Malpighi (1675) also described minute ‘¢ utricles,” some of
which we should call cells.

Leeuwenhoek (Phil. Trans. 1674) seems to have been the frst to
describe single-celled organisms. In the eighteenth century the analysis
continued ; thus Rosel von Rosenhof described the *f Proteus animalcule ”
or Ameaba in 1755, and Fontana, in 1784, discovered the kernel or
nucleus of the cell.

But the fact that Bichét, in his Anatomie Générale (1801), speaks of
tissues only, shows that the import of cells was not realised at the
beginning of this century.

In 1835, Robert Brown showed that a nucleus was normally present
in all vegetable cells, and in the same year Johannes Miiller definitely
compared the cells of plants with those of the notochord in animals.

The cellular structure and origin of organisms began to be vaguely
recognised by many. At length, in 1838-9, Schwann and Schleiden
showed that all but the simplest plants and animals are built up of cells,
and develop from cells, thus establishing the famcus “‘ cell theory ™ :—
* There is one universal principle of development for the elementary part
ﬂfl Frge:nimm however different, and this principle is the formation of
cells.”

S = - P —

" Those interested in history should read the scholarly history of cell-lore by Sir
William Turner, ** The Cell Theory, Past and Present,” Inaug. Address to Scottish
M!crcu:c:nplcn] Society (Edin. 18go, also in Natwure, 18go). See also Professor
M*‘Kendrick On the Modern Cell 7' leory (Proc. Phil. Scc., Glasgow, 1888), also his
text-book of Physiology. The articles MorrnoLoGy and ProTortasm in the

Lncye. Brit., and the article CELL in the new edition of Chamébers's Encyc., should
be consulted,
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This doctrine was corroborated in many ways. Numerous investi-
ators, Prévost and Dumas (1824), Martin Barry (1838-41), Reichert
(1840), Henle (1841), Kolliker (1843-6), and Remak (1841-52), showed
how the cells of the embryo arise from the division of the fertilised

egg-cell.

g-.g'h[(:rem'er, Goodsir in 1845, Virchow in 1858, proved that in all cases,
athological as well as normal, cells arise from pre-existing cells, that
omnis cellula ¢ cellfuda is a general fact of histology.

There was a strong tendency, however, to attach too much importance
to the cell-wall, and too little to the contained cell-substance. The all-
important protoplasm was not adequately appreciated.

{n 1835, Dujardin described the *‘sarcode” of Protozoa, and other
animal cells ; in 1839, Purkinje compared the substance of the animal
embryo with the *‘ cambium ™ of plant-cells ; in 1846, Von Mohl emphas-
ised the importance of the *‘protoplasm™ in vegetable cells; Ecker
(1849) compared the contraclile substance of muscles with the living
matter of amcebee ; Donders also referred the contractility from the wall
to the contents ; Cohn suspected that the *‘ sarcode ” of animals and the
‘¢ protoplasm " of plants must be ‘“in the highest degree analogous
substances ; ’ and finally, Max Schultze (1861), accepted the growing
belief that plants and animals were made of very similar living matter,
and defined the cell as a unit mass of nucleated protoplasm. Since then
biologists have concentrated their attention on the living matter which
constitutes and gives form to the cell.

Forms of Cells.—The typical and primitive form of cell is
a sphere,—a shape naturally assumed by a complex coherent
substance situated in a medium different from itself. Most
egg-cells and many Protozoa retain this primitive form,
but the internal and external conditions of life (such as
nutrition and pressures), often evolve cther shapes,—oval,
rectangular, flattened, thread-like. A cell has often two
distinct poles, as we noticed in connection with epithelium,
but some, like amceb®e and colourless blood-cells, are con-
tinually changeful, while others give off radiating processes
on all sides.

Structure of Cells.—Cells consist (a) of the living sub-
stance or protoplasm, along with which we may include
nutritive material in process of being incorporated, waste.
products which result from the vital activity, and by-products
formed in the course of the cell’s life; (&) of a specialised
kernel or nucleus, with a complex structure, and important
but hardly definable functions in the life of the cell ; (¢) of a
cell-wall or marginal sheath, which occurs in very varied
form or may be entirely absent.

(@) The Cell-Substance.—When a simple cell is examined



40 THE ELEMENTS OF STRUCTURE.

DIAGRAM II.

THE CELL.

[. The figure marked Cell I. shows the cell-substance (¢.5.) with
granules and network, and the nucleus (7. )) with a coil of chrom-
atin threads. (After Carnoy.)

II. The figure marked Cell II. shows several adjacent cells with
inter-cellular bridges of protoplasm between their cell-walls.
(After Phtzner.)

The lower half of the diagram shows the process of Karyokinesis.
(From Hatschek, after Flemming. )

1. Shows the nucleus with a coil of chromatin threads (4 in
text, pp- 43-44).

2. Shows an aster at the equator of the nucleus (¢ in text).

3. Shows the longitudinal division of the chromatin loops
(d in text).

4. Shows the diaster in which the halved chromatin loops are
receding towards the poles (e in text).

5. Shows the polar position of the chromatin elements, and
achromatin threads between them (¢ in text).

6. Shows the division of the cell, and the beginning of the
process in which the daughter-nuclei are reconstituted

(fin text).
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in its living state, it often appears approximately homo-
geneous. Its substance is usually slightly fluid, but 1t may
be firm and compact in passive cells. It is usually transluc-
ent, but there are often obscuring granules of different kinds.
In many cases, its appearance suggests a fine emulsion ;
indeed Biitschli has succeeded in making marvellous imita-
tions of cells out of ingeniously contrived emulsions.

In thinking of the cell-substance, we must distinguish
clearly between the genuinely living material or protoplasm,
of whose nature we know almost nothing, and associated
substances, such as starch, fat, or pigment, whose chemical
composition can be ascertnined. The associated substances
which often crowd the protoplasm, are due to the chemical
ascent of food-material towards protopiasm, or to the chemical
disruption which protoplasm undergoes or produces as it lives.

When a small portion of an animal is * fixed ” or hardened
by some reagent like osmic, chromic, or picric acid, dehy-
drated by being soaked In various strengths of alcohol,
stained with carmine or some other dye, dehydrated again
in alcohol, soaked for hours in melted paraffin, cut in thin
sections with a razor or microtome, cleared from the
paraffin by immersion in turpentine, mounted in Canada
balsam or the like, and examined under the high power
microscope, details of cell structure can be seen which are
rarely recognisable in the fresh unprepared cells. The cell-
substance is far from being homogeneous ; it seems to consist
of a fine network with a more fluid material in the meshes.
In other cases, the structure is more like that of an emulsion,
with innumerable minute vacuoles. Within the cell-substance
of reproductive cells and some others, several recent in-
vestigators have described a “ central corpuscle,” quite apart
from the nucleus. It may be a *““centre of force ” within
the protoplasm.

Many very valuable results in regard to the minute
structure of cells have been reached by histologists, but there
is sometimes a tendency to push the structural analysis
beyond the limit of physiological interest; nor is it always
remembered that the real structure of the cell may be
considerably affected in the course of that complex technique,
of which I have just given one of the simplest illustrations.

(6) The Nuclews.—Almost every cell contains a nucleus or
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several. It used to be said that those very simple animals
which Ha=ckel called Monera had no nuclei, but in several
they have been recently discovered. In other cases, e.g., some
Infusorians, the nuclear material seems to be diffused in the
cell-substance. The red blood-cells of Mammals seem to
be distinctly nucleated in their early stages, but there is no
trace of a nucleus in those which are full grown. But we
may safely say that cells without nuclei are zery rare, though
in some cells the nuclei are certainly less differentiated
than in others.

The nucleus is a very important part of the cell, but it is
not possible to define precisely what its importance is. In
fertilisation, the most essential process 1s the union of the
nucleus of the spermatozoon or male-cell with the nucleus
of the ovum or female cell. In cell-division, the nucleus
certainly plays an essential part. Cells bereft of their
nuclei die, or for a time live a crippled life. On the other
hand, there 1s no doubt that the substance of the cell also
influences the nucleus.

The nucleus often lies within a little nest in the midst of
the cell-substance, but it may shift its position within the
cell. It has a definite margin, but this may be lost, e.g.,
before cell-division begins. Internally, it is anything but
homogeneous ; at any rate, homogeneous nuclei are rare.
As 1n the general cell-substance, so here, the histologists
have discovered a network of fine strongly stainable (chro-
matin) strands, with less stainable (achromatin) substance in
the meshes. But in other cells, or at another time in the
same cell, the nucleus is seen to contain a coiled (chromatin)
thread, or a number of chromatin loops. Many nuclei also
contain one or more little round bodies or nucleoli, appar-
ently of less importance. Within the nucleolus an “endo-
nucleolus ” has been discovered. Though the nuclei of
different cells are often different in small details, there is a
marvellous unity, both of structure and activity, throughout
the world of cells.

() Zhe Cell-Wall —To the earlier histologists, who often
spoke of cells as little bags or boxes, the wall seemed of
much moment. It is, however, the least important part of the
cell. In plant cells there is usually a very distinct wall con-
sisting of cellulose. This has the same chemical composition
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as starch, and is a product, not a part, of the protoplasm,
though some protoplasm may be intimately associated with
it as long as its growth continues. In animal cells there is
rarely a very distinct wall chemically distinguishable from the
living matter itself. But the margin is often different from
the interior, and a slight wall may be formed by a superficial
compacting of the threads of the cell-network, or by a physical
alteration of the cell-substance, comparable to the formation
of a skin on cooling porridge. In other cases, especially
in cells which are not very active, such as ova and encysted
Protozoa, a more definite sheath is formed around the
cell-substance. Thirdly, animal cells may form a superficial
“cuticle,” sometimes of known chemical composition, wit-
ness the chitin formed by the outer-layer cells in Insects,
Crustaceans, and other Arthropods.

In animals, as well as in plants, adjacent cells are some
times linked by inter-cellular bridges of living matter.

Cell-Division.—Though the division of cells, by which all
growth is affected, is a subject with which the physiologist
is as much concerned as the morphologist, it will be con-
venient to discuss it here. The following facts are most
important.

(1) We know that there 1s a striking unity in all cases,
and that the nucleus plays an essential part in the pro-
cess. It passes through a series of changes known as karyo-
kinesis, and these are much the same everywhere. But
It also seems true that a simpler mode of division (sometimes
called “direct”) occurs in some Protozoa and in some cells
of higher animals.

(2) The eventful changes of the dividing nucleus are in
general terms as follows :—

(@) The resting stage of the nucleus shows a network
of filaments (chromatin threads).

() Coil Stage.—As division begins, the membrane
separating the nucleus from the cell-substance dis-
appears, and the chromatin threads are seen as an
irregular coil like a small ball of twine.

(¢) Aster-stage.—The threads of the coil break into
looped pieces which are disposed in a star, the
free ends of the U-shaped loops being directed out-
wards. Meanwhile, from two “ central corpuscles,”
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situated in the cell-substance at each pole of
the cell, fine *“ achromatin ” threads run into con-
nection with the chromatin loops.

(d) Division and separation of the loops.—Each of the
loops which make up the star divides Jongitudinally
into two, and each half separates from its neigh-
bour. They are apparently drawn to opposite poles
of the cell.

(¢) Diaster.—The single star 1s thus drawn out Into
two daughter stars which separate further and
further from one another towards the opposite
poles of the cells.

(f) Each daughter star is reconstituted into a coil
in each daughter cell, for the cell-substance has
also been halved meanwhile. The halves will
separate in the case of Protozoa, but in most other
cases, as in growing embryos, the;.r will of course
remain adjacent with a slight wall between them.

(¢) Each daughter nucleus then passes into the normal
resting phase.

Flemming gives the following summary of karyokinesis :—

MOTHER-NUCLEUS DAUGHTER-NUCLEUS
(progressive changes). (regressive changes).
a Resting stage. Resting stage. g
\L 4 Coil. Coil. T

¢ Asler. Aster (Diaster). ¢
— 5 & Division of Aster and its lnf}p —
(metakinesis).

(3) It is not in the least likely that we shall ever be able
to gne even an approximate account of the ‘“mechanism”
of cell-division. Rapidly progressive research has disclosed
many mysteries, but it does not explain them. The nucleus
1s resolved into a chromatin framework and an achromatin
matrix, but the chromatin threads behave like little in-
dividuals. The longitudinal division of each loop shows, as
Roux points out, how rigidlyexact is the partition nfsubstam:e
and implied qualities. The ‘“central corpuscles,” recently
discovered, act like centres of force, and the indescribably
fine threm:'la which pass from these to the chromatin lﬂops,
have been credited with contractile powers. The certain
fact i1s that the whole process is vital, and therefore

et T S——
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inexplicable in terms of matter and motion, so long at least
as we do not know the secret of protoplasm.

(4) On the other hand, Leuckart and Spencer have given
a general rationale of cell-division. Why do not cells grow
much larger, why do they almost always divide at a definite
limit of growth? Their answer is as follows. Suppose a young
cell has doubled its original mass, that means that there is
twice as much living matter to be kept alive. But the living
matter is fed, aerated, purified through its surface, which,
in growing spherical cells for instance, only increases as the
square of the radius, while the mass increases as the cube.
The surface growth always lags behind the increase of mass.
Therefore, when the cell has, let us say, quadrupled its
original mass, but by no means quadrupled its surface,
difficulties set in, waste begins to gain on repair, anabolism
loses some of its ascendancy over katabolism. At the limit
of growth, then, the cell divides, halving its mass and gaining
new surface. Of course surface may be increased by out-
flowing processes, just as it is by the lobes of many leaves,
and division may occur before the limit of growth is reached,
but as a general rationale, applicable to organs and bodies
as well as to cells, the Suggestion of Leuckart and Spencer
15 very helpful.

Protoplasm.—]1 have spoken of the structure of living
matter or protoplasm in describing cells. I insert this
heading simply to emphasise anew that the morphological
as well as the physiological analysis passes from the organism
as a whole to its organs, thence to the tissues, thence to the
cells, and finally to thE: pmtﬂplaam itself.



CHAPTER V.
THE REPRODUCTION AND LIFE-HISTORY OF ANIMALS.

I. REPRODUCTION.

IN the higher animals the beginnings of individual life are
hidden, within the womb in mammals, within the egg-shell
in birds. It is natural, therefore, that early preoccupation
with those higher forms should have hindered the recog-
nition of what seems to us an evident fact, that almost every
organism, whether plant or animal, arises from an egg-cell
or ovum which has been fertilised by a male-cell or sperm-
atozoon. The exceptions to this fact are those organisms
which multiply by buds or detached overgrowths, and those
which arise from an egg-cell which requires no fertilisation.
Thus Aydra may form a separable bud, much as a rose-bush
sends out a sucker ; thus drone-bees ‘“ have a mother but no
father,” for they arise from parthenogenetic eggs which are
not fertilised. Apart from these and similar cases, the
““ovum theory,” which Agassiz called “the greatest discovery
in the natural sciences in modern times,” is true,—that each
organism begins from the division of a fertilised egg-cell.
We can easily see this simple beginning in the frog-spawn
from the ditch, in the eggs of salmon, in those of the pond-
snail (Lymneus), and in hosts of other cases.

_ History.—Perhaps we can realise this discovery better if we con-
sider its history. For a long time, on into the present century, what
was called the doctrine of prefermation prevailed. According to this
theory, development was merely an unfolding (““evolution™) of a pre-
formed miniature which lay within the germ. The * ovists ” found this
miniature model of the future organism in the egg; the *‘ animalculists ™
found and even figured it within the spermatozoon. “There is no
becoming,” said Haller, ““no part of the body is made from another, all
are created at once.” But this was not all. The germ was more than
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a marvellous bud-like miniature of the adult, it included the next gener-
ation, and the next, and the next, and all future generations. Germ lay
within germ, prefarnmd in transparency, and in successively smaller
miniature, after the fashion of an infinite juggler’s box. We laugh at
this, but we need not 111.1gh too much, for the )rcfcrma.tmmsls, though
entirely wrong and crude in their facts, were right in two of their ideas,
—that the germ, in reality, does contain the possibility of a futur-::
organism, and that it has relations, not only to the animal into which it
develops, but also to generations followi ing.

In the middle of the seventeenth century, however, Harvey had reached
conclusions which might have saved much blundering. Studying the
development of the chick,—as Greek naturalists had tried to do well-nigh
two thousand years before, as we are doing still in our embryological
laboratories,—Harvey maintained that every animal was produced from
an ovum (ezum esse primordizent commune omnibus animalibus), and
that organs arose by new formation (epigenesis), not by the mere expan-
sion or ** evolution” of some invisible preformation.

But the great champion of epigenesis was Caspar Friedrich Wolff,
who, in his doctorial dissertation of 1759, traced the chick back to a
layer of organised particles (the familiar ¢#//s of to-day), in which there
was no likeness of the future embryo, far less adult.

Wolft was long in finding successors, but in 1824 Prévost and Dumas
described the division of the ovum into masses (segmentation); in 1827
Von Baer discovered the mammalian ovum ; while Wagner, Von Siebold,
and others elucidated the real nature of the spermatozoa.

A great step was made in 1838-9, when Schwann and Schleiden
formulated the *‘cell theory,” according to which every organism is
made up of cells, and starts from a cell. From this date modern
embryology began, and has of late years made advances greater perhaps
than those of any other department of zoology.

Sexual Reproduction.—There is apt to be a lack of clear-
ness in regard to sexual reproduction, because the process
which we describe by that phrase is a complex result of
evolution. It involves two distinct facts :—(a) the liberation
of special germ-cells from which new individuals arise ; (&)
the occurrence of two different kinds of germ-cells—ova and
spermatozoa, which are fertile only when they unite (ferti-
lisation). Furthermore, these dimorphic reproductw& cells
are produced by two different kinds of individuals (females
and males), or from different organs of one individual, or at
diﬂ'erent times within the same organ (hermaphroditism).

It is quite evident that organisms might have gone on
multiplying asexually, by detaching overgrown portions of
themselves which had sufficient vitality to develnp into
complete forms. But a more economical method is the
liberation of special germ-cells, in which the qualities of the



48 REPRODUCTION AND LIFE-HISTORY OF ANIMALS,

organism are inherent. This is the primary characteristic
of sexual, as opposed to asexual multiplication.

It is also an evident possibility that the organisms of
a species might have remained approximately like one
another In constitution, and at all times very nearly the
same. Then there would have been no difference of sex, no
males and females, nor even hermaphrodites with alternating
male and female periods. It is quite possible to think of a
race of animals in which all the individuals were approx-
imately the same, and liberated similar germ-cells which
grew up right away. This would be sexual as distinguished
from asexual multiplication, but it would not exhibit that
other characteristic of sexual reproduction,—the existence of
dimorphic germ-cells, which come to nothing if they do not
combine, and of different kinds of individuals (male and
female), or of different sexual periods in the life of one
(hermaphrodite) individual.

The Liberation of Special Germ-Cells.—1 believe that one
must think of this as an economical improvement on the
method of starting a new life by asexual overgrowth or by the
liberation of buds. Asexual reproduction, as Spencer and
Hackel have shown, is a mode of overgrowth in which the
bud, or whatever it is, may become discontinuous from the
parent. The buds of a sponge, of a coral, of a sea-mat
(Polyzoon), or of many Tunicates, remain attached to the
parent. If there be a keen struggle for subsistence, this
may be very disadvantageous; but in some cases, doubt-
less, the colonial life which results is a source of strength,
In the case of Hydra, however, the buds are set adrift;
the same is true of not a few worms. This liberation of
buds takes us nearer the sexual process of liberating special
germ-cells, But unless the organism 1s in very favour-
able nutritive conditions, in which overgrowth is natural,
the liberation of buds is evidently an expensive way
of continuing the life of a species. Not only so, but
we can hardly think of budding even as a possibility in
very complex organisms like snails or birds, in which there
is much division of labour. Moreover, the peculiarity of a
true germ-cell is, that it is unspecialised, continuous in quality
with the original germ-cell from which the parent arose, and
not very liable to be tainted by any mishaps which may
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befall the “body” which bears it. In short, the asexual
method of liberating buds has been replaced in most animals
by the liberation of special germ-cells, by the more econom-
ical and advantageous process of sexual reproduction.

SUMMARY OF MODES oF REPRODUCTION,

A. In single-celled Animals (Protozoa).

(1) The almost mechanical rupture of an amceboid cell,
which has become too large for physiological equi-
librium (e.g., Schizogenes).

(2) The discharge of numerous superficial buds at once
(e.g., Arcella and Pelomyxa).

(3) The formation of one bud at a time (very common).

(4) The ordinary division into two daughter cells at the
limit of growth.

(5) Successive divisions within limited time and within
limited space (a cyst). This results in what is called
spore -formation, * free-cell formation,” * endogenous
multiplication ” (e.g., in Gregarines).

B. Zn many-celled Animals (Metazoa).
(Asexual.)

(a) The separation of a clump of body-cells, e.g., from the
surface of some Sponges (A crude form of budding. )

(4) The formation of definite buds which may or may not
be liberated ; and other forms of asexual multiplica-
tion.

(Sexual.)

(a) The liberation of cells from a simple Metazoon in
which there is so little division of labour that the
distinction between body cells and reproductive cells
is not marked. (Hypothetical.)

(#) The liberation of special reproductive or germ cells,
which have not taken part in the formation of the
body, and which retain unaltered the inherent quali-
ties of the original germ-cell from which the parent
arose. (The ordinary process.)

D
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In the animal series, the sexual method of liberating
special germ-cells has predominated, as every one is aware,
over the asexual method of forming buds. Moreover, the
sexual method has been accentuated in most animals by the
evolution of two sexes, which produce different kinds of
germ-cells—ova and spermatozoa.

The Evolution of Sex.—QOur problem now is not that of
accounting for the fact that most animals liberate special
reproductive cells, but for the two facts, (a) that most
animals are either males or females, the former liberating
actively motile male-elements or spermatozoa, while the
latter form and usually liberate more passive egg-cells or
ova; and (&) that these two different kinds of reproductive
cells usually come to nothing unless they combine,

The problem is partly solved by a clear statement of the
facts. Begin with those interesting organisms which are on
the borderline between Protozoa and Metazoa, the colonial
Infusorians of which Volvox 1s a type. As adults they are
balls of cells, and the component units are connected by
protoplasmic bridges. From such a ball of cells repro-
ductive units are sometimes set adrift, and these divide to
form other individuals without more ado. In other conditions,
however, when nutrition is checked, a less direct mode of
reproduction occurs. Some of the cells grow at the expense
of their neighbours, and become large well-fed elements, or
ova; others, less successful in the exploitation of their
neighbours, divide into many little units. The large cells
are fertilised by the small. Here we see the formation of
dimorphic reproductive cells in different parts of the same
organism. But we may also find Ve/vox balls in which only
ova are being made, and others in which only small motile
reproductive cells are being made. The former seem to be
more vegetative and nutritive than the latter ; we call them
female and male organisms respectively; we are at the
foundation of the differences between the two sexes.

All through the animal series, from active Infusorians and
passive Gregarines, to feverish Birds and more sluggish
Reptiles, we read antitheses between activity and passivity,
between lavish expenditure of energy and a habit of storing,
between relative disruptive (kafabolic) predominance, and
relative constructive (anabolic) predominance in the proto-
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plasmic life of the creature. We believe that the contrast
between the sexes gives almost universal expression to this
fundamental alternative of variation.

This theory may be confirmed in many ways, eg., by
contrasting the characteristic products of female life,—passive
ova, with the characteristic products of male life,—active
spermatozoa ; or by comparing the complex conditions
(such as abundant food, favourable temperature) which tend
to produce female fosprmg with the opposite conditions
which tend to produce males ; or by contrasting the secondary
sexual characters of males (e‘g, bright colours, and smaller
size), with the opposite characteristics of females,

Stages in the History of Fertilisation.

(a) Formation of Plasmodia, the flowing together of
numerous feeble cells, as seen in the life-history of
those very simple Protozoa called Proteomyxa, e.g.,
Profomyxa, and Mycetozoa, e.g., flowers of tan (. thal-
Zim seplicum).

(6) Multiple Conjugation, in which more than two cells
unite and fuse together, a process said to occur in
some Gregarines, in the sun-animalcule (Actinosphcer-
ium), and in some simple Alge.

(¢) Ordinary Conjugation, in which two similar cells fuse
together, observed in Gregarines, Rhimpnda, and
many Alge. In ciliated Infusorians, the conjugation
1s a temporary union, during which nuclear elements
are Interchanged.

(d) Dimorphic Conjugation, in which two cells different
from one another fuse into one, a process well illus-
trated in Porticella and related Infusorians, where a
little, active, free-swimming (we may say, male) cell
unites with a fixed individual of normal size, which
may fairly be called female.

(¢) Fertilisation, in which spermatozoa liberated from a
Metazoon unite intimately with ova liberated from
another individual of the same species,

Divergent Modes of Sexual Reproduction.

(a) Hermaphroditism is the union of male and female
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sexual functions in varying degrees within one organism.
It may be demonstrable in early life only, and disappear as
maleness or femaleness predominates in the adult. It
may occur as a casualty or as a reversion; or it may be
normal in the adult, e.g., in some Sponges and Ccelenterates,
in many “ worms,” e.g., earthworm and leech, in barnacles
and acorn-shells, in one species of oyster, in the snail, and
in many other Bivalves and Gastropods, in Tunicates and
in the hagfish. In most cases, though these animals are
bisexual, they produce ova at one period and spermatozoa
at another. It is, therefore, very rarely (in parasitic flat
worms) that the ova of a hermaphrodite are fertilised by the
spermatozoa of the same animal. There can be little doubt
that the bisexual or hermaphrodite state, of periodic male-
ness and femaleness, is the primitive condition, and that the
unisexual condition of permanent maleness or femaleness is
a secondary differentiation. The cases which we have cited
above, may be interpreted as due to persistence of the
primitive condition, or as reversions to it.

(b) Parthenogenesis, as we know it, is a degenerate form
of sexual reproduction, in which ova produced by female
organisms develop without being fertilised by male elements.
In the hypothetical primitive Metazoa there perhaps was a
constant parthenogenesis, in which all the germ-cells were
alike capable of developing into organisms without any
mutual assistance. As we know it, however, partheno-
genesis is a degenerate form of the normal sexual process.
It is well illustrated by Rotifers, in which fertilisation is
not known to occur, while in some genera males have
never been found; by many small Crustaceans whose
males are absent for a season; by aphides, from among
which males may be absent for the summer (or in artificial
conditions for several years) without affecting the rapid suc-
cession of female generations ; by the production of drones
in the bee-hive,—for the eggs which give rise to these
(male) forms are unfertilised. With the exception of this
last case and one other, in neither of which parthenogenesis
can be said to have established itself thoroughly, all the
parthenogenetic ova that have been carefully examined form
only one polar body (see p. 56). There is reason for sup-
posing that such ova are less exclusively female than those

-
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usually produced, that they have some of the qualities of
male- cella We may think of them as reversions to the
primitive type of germ-cell, such as was probably produced
by Metazoa in which neither maleness nor femaleness was
as yet differentiated.

(¢) Alternation of Generations.—A fixed asexual hydroid
or zoophyte (campanularian or tubularian) often buds off
and liberates sexual medusoids or swimming-bells, whose
fertilised ova develop into embryos which become fixed and
grow into hydroids. This is the simplest illustration of
alternation of generations.

The liver-fluke (Distomum hepaticum) of the sheep pro-
duces eggs which when fertilised grow into embryos.
Within the latter, certain cells (which can hardly be called
eggs) grow into numerous other larvae of a different form.
Within these the same process is repeated, and hnally,
the larvee thus produced grow (in certain conditions) into
sexual liver-flukes. In this case, reproduction by special
cells like undifferentiated precocious ova, alternates with
reproduction by ordinary fertilised egg-cells. So, too, the
vegetative sexless * fern-plant” gives rise to special spore-
cells, which develop into an inconspicuous bisexual * pro-
thallus,” from the fertilised egg-cell of which a * fern-plant ”
springs.

Various kinds of alternation are seen in the life-cycle of
the fresh-water sponge, in the stages of the jellyfish durelia,
in the history of some ‘““worms” and Tunicates. They
illustrate a rhythm between asexual and sexual multiplica-
tion, between parthenogenetic and normally sexual reproduc-
tion, between vegetative and animal life, between a relatively
“anabolic ” and a relatively * katabolic ” preponderance.

II. EMBRYOLOGY.

The Egecell or QOwvum. — Almost every multicellular
organism begins life as an egg-cell with which a male-cell or
spermatozoon has entered into intimate union. The excep-
tional occurrence of asexual multiplication and parthenogen-
esis has been explained.

The most important characteristic of the reproductive cells,
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whether male or female, is that they retain the essential
qualities of the fertilised ovum from which the parent
animal was developed.

The ovum has the usual characters of a cell : its sub-
stance is traversed by a fine protoplasmic network ; its
nucleus or germinal vesicle contains the usual chromatin
elements ; it has often a distinct sheath representing a cell-
wall.

In Sponges, the ova are well-nourished cells in the middle
stratum of the body ; in Ceelenterates, they seem to arise in
connection with either outer or inner layer (ectoderm or
endoderm); in all other animals, they arise in connection
with the middle layer or mesoderm, usually on an area of the
epithelium lining the body-cavity. In lower animals they
often arise somewhat diffusely; in higher animals their for-
mation is restricted to distinct regions, and usually to definite
organs—the ovaries.

The young ovum is often like an amceba, and that of
Hpydra retains this character. It grows at the expense of
adjacent cells, or by absorbing material which is contri-
buted by special yolk-glands or supplied by the vascular
fluid of the body.

The yolk or nutritive capital may be small in amount,
and distributed uniformly in the cell as in the ova of Mam-
mals, of earthworm, starfish, and sponge; or it may be
more abundant, sinking towards one pole as in the egg of
the frog, or accumulated in the centre as in the eggs of
Insects and Crustaceans; or it may be very copious,
dwarfing the formative pmtc:-plasm as in the eggs of Birds,
Reptiles, and some Fishes.

Round the egg there are often sheaths or envelopes of
various kinds, (@) made by the ovum itself, and then very
delicate (e.g., the vitelline membrane) ; () often formed by
adjacent cells (eg., the follicular envelope); or (¢) formed
by special glands, or by glandular cells in the walls of the
oviducts (e.g., the “shells” of many eggs). The envelope
is often firm, witness the chitinous coat round the eggs of
many Insects. In these cases there is often alittle aperture
(micropyle) through which alone the spermatozoon can
enter. The hard calcareous shells round the eggs of Birds
and Tortoises, or the * horny ” mermaid’s purse enclosing the
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egg of a skate or of another gristly fish, are of course
formed after fertilisation. Egg-shells must be distinguished
from the egg-capsules or cocoons; e.g., of the earthworm, in
which several eggs are wrapped up mgether.

The Male-Cell or Spermatosoon is a much smaller and
usually a much more active cell than the ovum. In its
minute size, locomotor energy, and persistent vitality, it
resembles a flagellate monad, while the ovum is comparable
to an amceba or to one of the more encysted Protozoa.

A spermatozoon has usually two distinct parts : the essen-
tial *“ head,” consisting mainly of nucleus, and the mobile
“tail ” which is often fibrillated. A small median portion
connects head and tail. The spermatozoa of Threadworms
and Crustaceans are sluggish, and inclined to be amceboid.

It is not quite accurate to say that the spermatozoon is
homologous with the ovum, Both are true cells, and they
are complementary, but the spermatozoon has a longer
history behind it. The homologue of the ovum is the
mother-sperm-cell or spermatogonium. This segments as
the ovum does, but the units into which it divides have
little coherence. They go apart and become spermatozoa.
‘There is a striking resemblance between the different ways
in which a mother-cell divides and the various kinds of
segmentation in ova. In most cases the spermatogonium
divides into spermatocytes, which usually divide again into
spermatides or young spermatozoa.

Maturation of the Ovum.—When the egg-cell attains its
definite size or limit of growth, it bursts from the ovary or
from its place of formation, and in favourable conditions
meets either within or outside the body with a spermatozoon
from another animal. Before this union between ovum and
spermatozoon is effected, generally indeed before it has
begun, the nucleus or germinal vesicle of the ovum moves
to the periphery and divides twice. This division results in
the formation and extrusion of two tiny cells or polar
globules, the first containing half, the second necessarily a
quarter of the nuclear material which composed the germinal
vesicle. The remaining nucleus of the ovum is reduced to
a quarter of its original mass, but the number of chromatin
threads which it contains is the same throughout. It is
noteworthy that the second division follows close on
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the first without the intervention of the ‘resting stage,”
which usually succeeds a nuclear division. The extruded
polar bodies come to nnthing, though they may linger for a
time in the precincts of the ovum, and may even divide.
The extrusion of polar globules from mature ova seems to
be almost universal among animals; but observations
are lacking in regard to Birds and Reptiles. Moreover,
Weismann and Ischikawa bave shown that in all partheno-
genetic ova which they have examined only one polar body
is formed. Blochmann indeed finds that in the eggs which
give rise to drone-bees, and in one other case of partheno-
genesis, two polar bodies are formed as usual. But in
neither of these two exceptional cases 1s the parthenogenesis
habitual; thus many of the eggs which the queen-bee lays are
fertilised, and give rise to queens and workers. So far the
admitted facts about polar bodies, but their theoretical inter-
pretation is much disputed.

(1) Minot, Balfour, and Van Beneden have suggested that the polar
globules represent extrusions of male substance from the egg. The
non-formation or retention of one polar body in parthenogenetic ova
replaces the otherwise necessary sperm, and makes development possible.

(2) Biitschli, Giard, and others have considered the problem histori-
cally, and interpret the premature division of the ovum as a survival
of an ancient habit. Just as the mother-sperm-cell divides into units,
so the unfertilised ovum divides, though to a less extent. The polar
bodies thus represent rudimentary or abortive.germ-cells. It is difhcult,
however, to explain why the habit should so constantly persist.

(3) Weismann supposes that the two polar bodies are different from
one another. The first goes off with a nuclear substance which was
only of use when the egg was a-making ; the second effects a quantitative
reduction of the more essential nuclear stuff or germ-plasma, thus making
room for the addition of a corresponding quantity by the fertilising
spermatozoon. Parthenogenetic ova give off only the first kind of
substance, and are thus able to divide and develop without the aid of
a spermatozoon. But there is no evidence that the two polar bodies are
different from one another; the fact that the second follows the first
without the intervention of a resting stage, suggests the very reverse.
Nor does it seem to me probable that the power of developing depends
merely upon the presence of a definite quantity of *‘ germ-plasma,”
retained in parthenogenetic ova, gained in other cases by the addition
of a sperm nucleus, which furnishes the equivalent of that which has
just been parted with in forming the second polar body.

(4) A combined theory is that the ovum divides like any other cell, or
like its Protozoon ancestors (2), at the limit of growth; that the extru-
sion does in some way differentiate the ovum, perhaps by eliminating
waste or male products (1); and that the reduction of the germinal
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vesicle is somehow a necessary preparation for its union with the fertilis-
ing nucleus of the sperm.

In the differentiation of some male-cells, processes somewhat analogous
to the formation of polar bodies have been observed.

Fertilisation.—Inthe seventeenth and eighteenth centuries,
some naturalists, nicknamed ‘ ovists,” believed that the
ovum was all-important, only needing the sperm’s awakening
touch to begin unfolding the miniature model which it con-
tained. Others, nicknamed * animalculists,” were equally
confident that the sperm was essential, though it required to
be fed by the ovum. Even after it was recognised that both
kinds of reproductive elements were essential, many thought
that their actual contact was unnecessary, that fertilisation
might be effected by an awra seminalis. Though sperm-
atozoa were distinctly seen by Hamm and Leeuwenhoek in
1677, their actual union with ova was not observed till
1843, when Dr. Martin Barry detected it in the rabbit.

Of the many facts which we now know about fertilisation,
the following are the most important :—

(1.) Apart from the occurrence of parthenogenesis in a
few of the lower animals, an ovum begins to divide only
after a spermatozoon has united with it. After one sperm-
atozoon has entered the ovum, the latterceases to be receptive,
and other spermatozoa are excluded. If, as rarely happens,
several spermatozoa effect an entrance inte the ovum, the
result is pathological.

(2.) The union of spermatozoon and ovum is very intimate;
the nucleus of the spermatozoon and the modified nucleus
of the ovum move or are drawn to one another, combining
in a very orderly way to form a single nucleus.

(3.) When this combined or segmentation nucleus starts
the process of development by dividing, each of the two
daughter nuclei which result consists partly of material
derived from the sperm-nucleus, partly of material derived
from the ovum-nucleus. In other words, the union is
orderly as well as intimate, and the subsequent division is so
exact, that the qualities so marvellously inherent in the
sperm-nucleus (those of the male parent), and in the ovum-
nucleus (those of the mother animal), are diffused through-
out the body of the offspring, and persist in its reproductive
cells.
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As to the interpretation of these facts, Weismann main-
tains the importance of the quantitative addition which the
sperm-nucleus makes to the diminished nucleus of the ovum.
At the same time, he finds the immediate source of all the
variations in animals in that mingling of two nuclear plasmas
which occurs as we have noted, in fertilisation. Others
believe that the mingling diminishes the risk of unfavourable
idiosyncrasies being transmitted from parents to offspring.
Others emphasise the idea that the sperm supplies a vital
stimulus to the ovum.

Segmentation.—The different modes of division exhibited
by fertilised egg-cells depend in great measure on the
quantity and disposition of the passive and nutritive yolk-
material, which is often called deutoplasm in contrast to
the active and formative protoplasm. The pole of the ovum
at which the formative protoplasm lies, and at which the
spermatozoon enters, i1s often called the animal pole ; the
other, towards which the yolk tends to sink, is called
the vegetative.

We shall now contrast the chief modes of segmentation,
but it should be recognised that they are all connected by
gradations.

A. CompLETE Division—Holoblastic Segmentation.

I. Eggs with little and diffuse yolk-material divide com-
pletely into approximately equal cells,
[or, Ova which are alecithal (7.e., without yolk) under-
go approximately equal holoblastic segmentation].
This is illustrated in most Sponges, most Ccelen-
terates, some ‘ worms,” most Echinoderms,
some Molluscs, in all Tunicates and in Am-
phioxus, and also in most Mammals.

I1. Eggs with a little yolk-material accumulated towards
one pole, divide completely, but into unequal
cells,

lor, Ova without very abundant deutoplasm, but with
what they have lying towards one pole (telolecithal),
undergo unequal holoblastic segmentation].
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This is illustrated in some Sponges, some Ccelen-
terates (e.g., Ctenophora), some *‘ worms,”
many Molluscs, in the lamprey, in Ganoid
Fishes, in Amphibians.

B. ParriaL Division—Meroblastic Segmentation.

IIT. Eggs with a large quantity of yolk, on which the
formative protoplasm lies as a small disc at one pole,
divide partially, and in discoidal fashion,

[or, Ova which are telolecithal, and have a large
quantity of deutoplasm, undergo meroblastic and
discoidal segmentation].

This is illustrated in all Cuttle-fishes, all Elasmo-
branch and Teleostean fishes, all Reptiles and
Birds, and also in the Monotremes or lowest
Mammals.

IV. Eggs with a considerable quantity of yolk, accumu-
lated in a central core, and surrounded by the
formative protoplasm, divide partially and superficially
or peripherally,

[or, Ova which are centrolecithal undergo meroblastic
and superficial segmentation].
This is illustrated by almost all Arthropods, and
by them alone.

Summarising the above, we have :—
[ I. Equal
| II. Unequal.

( III. Discoidal.
| IV. Superficial.

A. Complete Division.
B. Partial Division.

Blastosphere and Morula.—The result of division 1s usually
a ball of cells. But when the yolk is very abundant (III.)
a disc of cells—a discoidal blastoderm— is formed at one pole
of the mass of nutritive material which it gradually surrounds,

As the cells divide and re-divide, they often leave a spacious
central cavity, and a hollow ball of cells—a blastosphere or
blastula—results.
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But if the so-called * segmentation cavity ” be very small
or absent, a solid ball of cells or morula, like the fruit of
bramble or mulberry, results.

Gastrula.—The next great step in development 1s the
establishment of the two primary germinal layers, the outer
ectoderm and the inner endoderm, or the epiblast and the
hypoblast.

One hemisphere of the hollow ball of cells may be appar-
ently dimpled into the other, as we might dimple an
indiarubber ball which had a hole in it. Thus out of a
hollow ball of cells, a two-layered sac is formed-—a gastrula
formed by invagination or emdbolé. The mouth of the
gastrula 1s called the blastopore, its cavity 1s the archenteron.

But where the ball of cells is practically a solid morula,
the apparent in-dimpling cannot occur in the fashion
described above. Yet in these cases the two-layered gastrula
1s still formed. The smaller, less yolk-laden cells, towards
the animal pole, gradually grow round the larger yolk-
containing cells, and a gastrula i1s formed by overgrowth
or eptbolé.

In the course of our studies, we shall have opportunity to
discuss various forms of gastrulation, and as to some other
processes by which two layers are established, such as that
called delamination. These are so rare that I need not here
take any account of them.

Mesodermm.—We are not yet able to make general state-
ments of much value in regard to the origin of the middle
germinal layer—the mesoderm or mesoblast. In Sponges
and Ccelenterates there is really none, but a gelatinous stuff
(mesoglwa) appears between ectoderm and endoderm, and into
this there wander cells from these two layers. In the other
Metazoa, the middle layer may arise from a few primary meso-
blasts or cells which appear at an early stage between the ecto-
derm and endoderm (e.g., in the earthworm’s development) ;
or from numerous “ mesenchyme” immigrant cells, which are
separated from the walls of the blastosphere or of gastrula
(¢.¢:, in the development of Echinoderms); or as celome
pouches—pocket-like outgrowths from the endodermic lining
of the gastrula-cavity (e.g., in Sagitta, Balanoglossus, Am-
ﬁ"{”’f“?‘ﬂi or by combinations of these and other modes of
origin.  The mesoderm lies or comes to lie between ectoderm
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and endoderm, and it lines the body-cavity, one layer of
mesoderm (parietal or somatic) clinging to the ectodermic
external wall, the other (visceral or splanchnic) cleaving to
the endodermm gut and its outgrowths.

Origin of Organs.—From the outer ectoderm and inner
endoderm, those organs arise which are consonant with the
position of these two layers, thus nervous system from the
ectoderm, digestive gut from the endoderm. The middle
layer, which begins to be developed in ‘ worms,” assumes
some of the functions, e.g., contractility, which in Sponges
and Ccelenterates are possessed by ectoderm and endoderm,
the only two layers distinctly represented in these classes.

In a backboned animal the embryological origin of the
organs is as follows :—

(a) From the Ectoderm or Epiblast arise the epidermis
and epidermic outgrowths, the nervous system, the
most essential parts of the sense-organs, infoldings at
either end of the gut (fore-gut or stomatodeum and
hind-gut or proctodaeum), and probably the segmental
or primary excretory duct.

(6) From the Endoderm or Hypoblast arise the mid-gut
(mesenteron) and the foundations of its outgrowths
(e.g., the lungs, liver, allantois, etc., of higher Verte-
brates), also the axial rod or notochord which pre-
cedes and is replaced by the backbone in all higher

~ Vertebrates and persists in a few of the lower.

(¢) From the Mesoderm or Mesoblast arise all other struct-
ures e.g., dermis, muscles, connective tissue, bony
skeleton, the lining of the body-cavity, and most
probably the vascular system. This layer aids in
the formation of organs originated by the other
two. With it the reproductive organs are assoc-
1ated.

Physiological Embryology.—Of the physiological condi-
tions of development, we know relatively little.  To investi-
gate them, is one of the tasks of the future. Why does an
egg-cell form polar-bodies, how 1s the sperm attracted to the
ovum, why does the fertilised egg-cell divide, how does the
yolk affect segmentation, what are the conditions of the
infolding which forms the endoderm, and of the outfold-
ing which makes the ccelome pouches, and what do the
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numerous larval stages mean? About these and many
other questions the student should think.

Generalisations—(1) The Ovum Theory or Cell Theory.—
All many-celled animals, produced by sexual reproduction,
begin at the beginning again. ‘ The Metazoa begin where
the Protozoa leave off "—as single cells. Fertilisation does
not make the egg-cell double ; there is only a more complex
and more vital nucleus than before. Moreover, all develop-
ment means the division of this fertilised egg-cell and its
descendant cells.

(2) The Gastrea Theory.— As a two-layered gastrula stage
occurs, though sometimes disguised by the presence of much
yolk, in the development of almost all animals, Hackel
naturally concluded that it represents the individual’s recapit-
ulation of an ancestral stage. He believes that the simplest
stable, many-celled animal, was like a gastrula, and this
hypothetical ancestor of all Metazoa he calls a gastr@a. The
gastrula is the individual animal’s recapitulation of the
ancestral gastreea. Rival suggestions have been made:
perhaps the original Metazoa were balls of cells like Folvox,
with a central cavity in which reproductive cells lay ; perhaps
they were like the planula-larve of some Ceelenterates—
two-layered, externally ciliated, oval forms without a mouth.
These and other suggestions have been made, but the gastraea
theory holds the field.

The Fact of Recapitulation.—It 1s a matter of experience
that we recapitulate in some measure the history of our
ancestors. Embryologists have made this fact most vivid,
by showing that the individual animal develops along a path
the stations of which represent the steps of ancestral history.

(1) Thesimplest animals are single | (1) The first stage of development

cells. is a single cell.

(2) The next simplest are balls of | (2) The next is a ball of cells
cells. | (blastula or morula).

(3) The next simplest are two- | (3) The next is a two-layered sac
layered sacs of cells. of cells (gastrula).

Von Baer, one of the pioneer embryologists, acknowledged
that with three very young embryos of higher Vertebrates
(e.g., rabbit, dog, man, or even reptile, bird, and mammal),
before him, he could not tell one from the other. Progress
in development, he said, was from a general to a special
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type. In its earliest stage, every organism has a great
number of characters in common with other organisms in
their earliest stages; at each successive stage the series of
embryos which it resembles is narrowed. The rabbit begins
like a Protozoon as a single cell, after a while it may be com
pared to the young stage of a very simple vertebrate, after
wards to the young stage of a reptile, afterwards to the
young stage of almost any mammal, afterwards to the young
stage of almost any rodent, eventually it becomes unmistake.
ably a young rabbit.

Herbert Spencer expressed the same idea, by saying that
the progress of development was from homogeneous to
heterogeneous, through steps in which the individual history
was parallel to that of the race. But Hackel has illustrated
the idea more vividly, and summed it up more tersely than
any other naturalist. His * fundamental biogenetic law ”
reads, ‘“ Ontogeny, or the development of the individual, is a
shortened recapitulation of phylogeny, or the evolution of
the race.”

It i1s hardly necessary to say that the young mammal is
never like a worm, or a fish, or a reptile. It is at most like
the young stages of these.

‘Moreover, the individual life-history is much shortened
compared with that of the race. I do not mean merely that
the one takes place in days, while the other has progressed
through ages, but stages are often skipped, and short cuts
are discovered. And again, many young animals, especi-
ally those “larvaee ” which are very unlike their parents,
often exhibit characters which are secondary adaptations to
modes of life of which their ancestors had probably no experi-
ence. In short, the individual’s recapitulation of racial
history is a general, but not a precise, statement of the facts,

Finally, we do not clearly understand how the recapitu-
lation is sustained. Has the embryo a feeling for history,
or some unconscious memory of the past? Recapitulation is
due to no dead hand of the past, but to physiological condi-
tions which we are unable to discover or express. The fact
of recapitulation has been recently discussed with great care
by Prof. Milnes Marshall,—in his Presidential Address to
the Biological Section of the British Association, 1890,—
published in Nature, September of that year.



64 REPRODUCTION AND LIFE-HISTORY OF ANIMALS.

DIAGRAM III.

THE RepropucTIVE CELLS, MATURATION, FERTILISATION,
AND SEGMENTATION.

At the foot of the page, the maturation of the ovum is shown in A,
B, C. In B, the first polar globule is being formed ; in C, the second.

In the line above, (1) is a mother-sperm-cell, comparable to an ovum.
In (2), it has segmented into a ball of cells or spermatocytes, which in
(3) are becoming differentiated into spermatozoa.

At D, a spermatozoon is represented entering the ovum; in E, the
sperm-nucleus and the reduced nucleus of the ovum are about to com-
bine ; in F, the segmentation-nucleus is formed.

In the upper part of the page, four kinds of segmentation are shown.
In A and B, the segmentation is holoblastic; in C and D, it is mero-
blastie.

A 11is an ovum with diffuse yolk ; A 2 is the external aspect of the
blastosphere ; A 3 is a section of the blastosphere ; A 4 is a section of
the invaginated blastosphere or gastrula.

B 1 is an Amphibian ovum with the yolk towards the lower pole; B 2
is the blastosphere which results from unequal segmentation ; B 3isa
section showing the segmentation-cavity ; B 4 shows the beginning of
the gastrula.

C 1 is an Arthropod ovum with central yolk ; C 2 shows the peri-
pheral or superficial segmentation ; C 3 shows the pyramids into which
the yolk becomes divided; C 4 shows the small invagination which
represents the gastrula,

D 1 is an ovum with much yolk, as in Birds; D 2 shows the discoidal
segmentation ; D 3 shows a more advanced blastoderm ; D 4 gives a
slight hint of the primitive streak which appears on the embryonic area
of Amniota, It corresponds to the gastrula stage.

It will be noted that the figures in each horizontal line, 1, 2, 3, 4,
represent approximately similar stages. The yolk is shaded throughout.
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I1II. Orcanic CONTINUITY BETWEEN GENERATIONS,—
HEREDITY.

Every one knows that like tends to beget like, that offspring
resemble their parents, and sometimes thelr ancestors
(atavism). Not only are the general characteristics trans-
mitted, but minute features, 1diosyncrasies, pathological
conditions, innate or congenital in the parents, may be
transmitted to the offspring.

Many attempts have been made to explain this, but the
first suggestion with any scientific pretensions was that the
reproductive cells, which may become offspring, consist
of samples accumulated from the different parts of the body.

This was a very old idea, but Herbert Spencer and
Charles Darwin gave it new life. According to Darwin’s
“ provisional hypothesis of pangenesis,” the reproductive
cells accumulate gemmules liberated from all parts of the
body. In development these gemmules help to give rise to
parts like those from which they originated. This hypothesis
has been repeatedly modified, but, except in the general
sense that the body may influence its reproductive cells,
“ pangenesis ” 1s discredited by most biologists.

The idea which is now accepted with general favour is,
that the reproductive cells, which give rise to the offspring,
are more or less directly continuous with those which gave
rise to the parent. This idea, suggested by Owen, Heeckel,
Rauber, Galton, Jiger, Brooks, Nussbaum, and especially
emphasised by Weismann, is fundamentally important,

At an early stage in the development of the embryo the
future reproductive cells of the organism are distinguishable
from those which are forming the body. The latter develop
in manifold variety, and as division of labour is established,
lose their likeness to the fertilised ovum of which they are
the descendants. The future reproductive cells, on the other
hand, are not implicated in the formation of the body, but
remaining virtually unchanged, continue the protoplasmic
tradition unaltered, and are thus able to start an offspring
which will resemble the parent, mainly because it is made of
the same protoplasmic material,

A fertilised egg-cell with certain characters (a, 4, o),
develops into an organism in which these characters are

k
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variously expressed ; but if, at an early stage, certain cells
are set apart, retaining the characters, a, 4, ¢, in all their
entirety, then each of these cells will be on the same footing
as the original fertilised egg-cell, able to give rise to an
organism, almost necessarily to a similar organism.

An early appearance or insulation of reproductive cells,
directly continuous and therefore presumably identical with
the original ovum, has been observed in the development
of some *worm-types” (Sagitta, Threadworms, Leeches,
Polyzoa), and of some Arthropods (e.g., Moina among
Crustaceans, Chironomus among Insects, Phalangide among
Spiders), and with less distinctness in some other animals.

I need not explain the hypothesis by which Weismann
gets over the difficulty that the reproductive cells sometimes
appear relatively late in development, after differentiation has
made considerable progress. It is enough to say that all
the cells are descendants of the fertilised ovum, that the
reproductive cells are those which retain intact the qualities
of that fertilised ovum, that this is the reason why they are
able to develop into offspring like the parent.

Finally, it may be noticed in connection with heredity,
that there is great doubt to what extent the “body?” can
definitely influence its own reproductive cells, Animals
acquire individual bodily peculiarities in the course of their
life, as the result of what they do or refrain from doing, or
as dints from external forces. The “ body ” is thus changed,
but there is much doubt whether the reproductive cells
within the “ body ” are affected by such changes. Weismann
denies the transmissibility of any characters except those
inherent or congenital in the fertilised egg-cell, and therefore
denies that the influences of function and environment are,
or have been, of any importance in the evolution of many-
celled animals. Such influences affect the body, but do not
reach its reproductive cells, and are therefore non-trans-
missible. Many of the most authoritative biologists are at
present of this opinion. On the other hand, many still
maintain, as I do, that profound changes due to function or
environment may saturate through the organism, and affect
the reproductive cells, and thus the race. But the whole
question 1s under discussion. (See Article HEREDITY, in
the new edition of Chambers's Encyclopedia.)



CHAPTER V.

PAST HISTORY OF ANIMALS.
(PALAONTOLOGY.)

ONE of the great interests of the study of Morphology is the
light that is thrown by it upon the evolution of the living
world. We learn, as yet only in the most general way, how
the various types are related to each other, and through what
steps they have passed before their present form was arrived
at. The study of form by itself must in time have led to
the doctrine of evolution, and from morphology many con-
clusions as to the course of evolution have been drawn.
These are checked by the study of the development of
individual types, for each individual recapitulates to some
extent in its own life-history the evolution of the race. But
a more satisfactory check would be that furnished by a study
of the races of living beings, which actually preceded those
that now surround us. These creatures have left various
traces of their existence, such as footprints, casts, and often
actual portions of their bodies. As opponents of the
theory of evolution have challenged its supporters to bring
forward traces of former life which should clearly prove that
there have been links between one type and another, it
has to be confessed that the collection of such links 1s
very imperfect. 'We must seek for reasons which shall explain
this.

Reasons for the * Imperfection of the Geological Record.”—
In the first place, we must remember the great limits there
are to the possibility of any animal, or even of traces of any
animal, being preserved. Suppose we take those living
upon the land or in the air. How many of all these will
die and leave their remains in any given area? Of those
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remains, how many will be destroyed by other living creat-
ures of various kinds, or obliterated by other destroying
agents,—the air, and water, and acids. If we think, we
shall see that only bones, or fragments of bone, and espe-
cially teeth which are so hard, will be preserved upon the
land. But what are the rocks in which we seek for remains
of former life? They are the hardened, glued-together
fragments of pre-existing lands, the rocks of which, slowly
worn away by the ceaseless movements of water, have
been carried particle by particle by the rivers to the sea or
to some great lake, there to lie until some earth-movement
raised them above the surface of the waters, only for the
wearing away to begin once more. Thus we see how small
is the chance of any trace of animals that lived upon the
land being preserved ; indeed, we may say that only those
that happened to be drowned, or to fall when dead into
some lake, sea, or river, have other than the remotest chance
of leaving a trace. And further, we may remark how small is
the chance that such remains will be preserved in that
particular place, where, by reason of a cliff, a quarry, or a
cutting, we are able to look for them. It is only those
animals, then, that lived in water, that would be preserved
in any number. These dying would become covered up by
the constantly growing deposits of sand and mud brought
down by the rivers, or if in the deep sea, by the slow growth
of the ooze formed from the remains t::-f the countless tiny
creatures that inhabit the surface waters of the ocean.

But of aquatic animals we might expect a fair collection
of the extinct forms ; yet again we must remember,

(1) That only their hard parts, bones, teeth, and shells,
are likely to be preserved to form * fossils 7 :

(2) That of those that have been preserved, only a very
small percentage can ever be discovered, since it is only
where the rock is exposed that we can get at them :

(3) That many vast areas of land have as yet not been
even seen by any one, while in others no thorough search
for fossils has been made :

(4) That vast areas of rock are at present below the level
of the sea :

(5) That many series of rocks that once existed, have
been entirely destroyed by subsequent denudation :
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(6) That many fossiliferous rocks have been so altered
in their nature that all traces of their origin and their fossils
have disappeared. I

With all these causes operating against the likelihood of
preservation, and of finding those forms that may have been
preserved, it is little wonder if the geological record 1s
incomplete; but such as it is, it is in general agreement with
what the other evidence, theoretical and actual, leads us to
expect as to the relative age of the great types of animal
life. We have reason to wonder, not at the incompleteness
of the geological record, but rather that the traces of past
history are not even more fragmentary than they are.

Probabilities of * fossils” in the various classes of animals.—
But it will be useful to note the probabilities of a good
representation of extinct forms in the various classes of
animals. Thus among the Protozoa the Infusoria have no
very hard parts, and have therefore almost no chance of pre-
servation, and the same may be said of forms like amcebze ;
while the Radiolaria and the Foraminifera, having hard
structures of lime or silica, have been well preserved. The
Sponges are well represented by their spicules and skeletons.
Of the Ccelenterates, except an extinct order known as
Graptolites, only the various forms of coral had any parts
readily capable of preservation, and remains of these are
very abundant in the rocks of many ancient seas. But,
strange as it may seem, some beautiful remains of jellyfish
have been discovered.

Of the great series of “worms,” only the tube-makers have
left actual remains, the others are only known by their
tracks, while of any that may have lived on the land there
is no evidence.

The Echinoderms, because of their hard .parts, are well
represented in all their orders except the Holothurians, where
the calcareous structures characteristic of the class are at a
minimum.

The Crustacea, being mostly aquatic, and in virtue of
their hard skin, are fossilised in great numbers.

The Arachnida and the Insects, owing to their air-breathing
habit, are chiefly represented by chance individuals that have
been drowned, or enclosed within tree stumps and amber.

The Mollusca and Brachiopods are perhaps better pre-
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served than any other animals, since nearly all of them are
possessed of a shell specially suitable for preservation.

Among the Vertebrates, some of the lowest are without
scales, teeth, or bony skeleton ; such forms have therefore
left almost no traces.

The armoured and bony Fishes have left many repre-
sentatives.

The Amphibia have bones and teeth, and those living in
fresh water have left footprints as traces.

The traces of Reptilia depend upon the habits of the
various orders, those living in water being often preserved,
while the monstrous flying Reptiles have left many skeletons
behind them.

Of the Birds, the wingless ones are best represented, and
then those that live near seas, estuaries, or lakes.

The history of Mammals is very imperfect, for most of
them were terrestrial. But the discoveries of Marsh and
others show how much may be found by careful search.
The aquatic Mammals are fairly well preserved.

“ Pal@wontological Series.”—1In spite of the imperfection of
the *‘ geological record,” in spite of the conditions unfavour-
able to the preservation of many kinds of animals, it is
sometimes possible to trace a whole series of extinct forms
through progressive changes. Thus a series of fossilised
fresh-water snails ( Planorbis) has been worked out; the
extremes are very different, but the intermediate forms link
them indissolubly by a marvellously gradual series of trans-
itions. The same factis well illustrated by another series of
fresh-water snails ( Paludina), and not less strikingly among
those extinct Cuttlefishes which are known as Ammonites,
and have perfectly preserved shells. Similarly, though less
perfectly, the modern crocodiles are linked by many inter-
mediate forms to their extinct ancestors, for 1t 1s impossible to
avoid calling them by that name, and the modern horse to
its entirely different progenitors. For a time it was thought
that palaontology yielded somewhat negative evidence in
regard to progressive evolution ; now, with fuller knowledge
of the facts, evolutionists would be almost content to base
the doctrine of descent on the palzontological evidence alone.

In a general way, it is true that the simpler animals
precede the more complex in history as they do in structural
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rank, but it must be remembered that though the oldest
(ﬁrchzezm or Laurentian) rocks bear evidence (e.g, in the
occurrence of marble and carbonaceous material) that forms
of life existed when these rocks were formed, we have
practically no means of knowing what the forms of life were.
The Archazean rocks have been subjected to alterations far
too serious to admit of the preservation of fossils. If this
fact be fairly considered, there 1s no difficulty in under-
standing the presence of fairly complex animals in the rocks
of the next great age, which is usually called Cambrian.

Extinction of Animals.—Some animals, such as some of
the lamp-shells or Brachiopods, have persisted from almost
the oldest ages till now, and most fossilised animals have
modern representatives which we believe to be their direct
descendants. That a species should become extinct need
not in the least surprise us, if we believe in the “trans-
formation” of one species into another. The extinction is
more apparent than real, the species lives on in its modified
descendants, * different species” though they be.

But, on the other hand, there are not a few fossil animals
which have become wholl y extinct, which are, in other words,
without any direct descendants now alive. Such are the
“ancient Trilobites (probably remotely connected with our
king-crab), their allies the Eurypterids, two classes of
Echinoderms {Cystoids and Blastoids), many giant Reptiles,
and some Mammals.

It is almost certain that there has been no sudden
extinction of any animal type. There is no evidence of
universal cataclysm, though local floods, earthquakes, and
volcanic eruptions occurred in the past, as they do still,
with disastrous results to fauna and flora. In many cases, the
waning away of an order, or even of a class of animals, may be
assoclated with the appearance of some formidable new com-
petitors ; for Cuttlefish would tend to exterminate Trilobites,
just as man is rapidly and often inexcusably annihilating
many kinds of beasts and birds. Apart from the struggle
with competitors, it is probable that some stereotyped
animals were unable to accommodate themselves to some
change in their surroundings, and also that some fell victims
to their own constitutions, becoming too large, too sluggish,
too calcareous, in short—too extreme,
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Tabular survey of the appearance of animals in time.—
Such tables as that on the opposite page are apt to be very
misleading, not only because our knowledge is very incom-
plete, but because it is very difficult to express accurately
what we do know. Thus, we cannot readily give on a page
any ldea of the supposed relative length of the different
periods ; nor have we any knowledge of the very earliest ages
when life began. Moreover, we have not attempted, as
might be done by swellings and thinnings of the lines, to
express how the different classes seem to have waxed and
waned in the course of history. But the general result is
clear. Many types of Invertebrates have their first records
in Cambrian rocks, before Fishes appeared. Fishes precede
Amphibians, Amphibians are historically older than Reptiles,
and Reptiles are much older than Birds. There is no
shadow of doubt on the fact that in the course of ages
higher and higher types appeared.



RELATIVE AGE OF ANIMALS.

b |
Le R

(Juaternary or Post-Tertiary.

Pliocene.
R e 0 S g L e | ot (Y | SRRSO | SRR AR R
SRR PR R [ IR SRR SR LR
e
T o
E L i -J
=2 AMiocene. Man (?)
5.3
o]
E‘-: SRS RN SRR RS IR LS A R et CE R EERE ) ok e PRI 54
F.ocene.
Cretaceous.
a
el ) e SR W RN e | LSS || RS [ (O L] e
= = Jurassic. Birds.
]
Triassic. Mammals.
Permian. I{uptilem
Carboniferous. Amphibians.
e Rt | I | e | e o WL 1 o L S L
L% ]

Primary or Paleo

|||||||||||||||||||||||||||||||||||||||||

Archmean.

..................................................



CHAPFER VL
GEOGRAPHICAL DISTRIBUTION OF ANIMALS.

IF we are to understand animals, we must also consider their
habitats.

(1.) Pelagic Life.—The original cradle of life was probably
in the sea, and there a vast number of animals now live.
Those which inhabit the open sea near the surface are con-
veniently, called pelagic.  Among these are many Protozoa,
e.g., Radiolarians, some Stinging-animals, e.g, the Portu-
guese man-of-war (Physalia), small Crustaceans, an insect
(Halobates), some free-swimming Gastropods, the sea-
butterflies or winged -shells (Pteropods), free-swimming
Tunicates, e.g., the fire-flame (Pyrosoma), many Fishes, e.g.,
herring and mackerel, besides some Birds, and cetacean
Mammals. They often live in shoals, and feed on their
neighbours, or on the * sea soup ” of Algee. Many are noc-
turnal. Most are translucent or brightly coloured, and very
active.

(2.) Littoral Life.—From the open sea primitive animals
probably passed to the shore. This has been the great
school of life. Food is usually abundant, but reproduction
is prolific, and thus there is great competition. Wits are
sharpened, and the vicissitudes of time and tide have surely
been no less influential. It was in the littoral region,”
Moseley says, ‘“that all the primary branches of the
zoological family tree were formed ; all terrestrial and deep-
sea forms have passed through a littoral phase.” The
shore fauna includes many Protozoa, Sponges, Stinging-
animals, such as sea-anemones and zoophytes, *“ worms ” of
all sorts, Starfishes, Crustaceans of many kinds, Molluscs,
sedentary Ascidians, many Fishes, a lizard (Amblyrkynchus),
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‘“ sea-serpents,” some turtles, many Birds, and a few Mam-
mals, such as the Polar bear.

(3.) Deep-Sea Life—From the shore contingents have
doubtless gone out to the open sea whence their ancestors
came, but others have probably followed outward-swept
food down to the great depths. This is the most probable
origin of the deepsea fauna, which includes Protozoa,
numerous horny but especially flinty Sponges, a few corals,
“worms,” all kinds of Echinoderms in abundance, some
Molluscs and remarkable Fishes. That * animal life is pre-
sent on the bottom of the ocean at all depths,” was one of
the important discoveries of the ¢ Challenger” expedition
(1872-6), which, under Sir Wyville Thomson’s leadership,
revealed a new zoological world. The scientific. results,
worked out by numerous experts, and edited by Dr. John
Murray, form a monumental series of volumes, the com-
plete importance of which we have not yet had time to
appreciate, while the expedition was likewise successful in
prompting other nations to similar enterprises.

“ Depths beyond five hundred fathoms are inhabited
throughout the world by a fauna which presents generally
the same features throughout,” for the conditions of life in
the great abysses are very uniform. It must be a weird
strange world of calm silence, without any light but gleams
of phosphorescence, and necessarily without any plants.
The inhabitants live on one another, but in great measure
on the Protozoa and other small creatures which sink from
the surface as they die. This food is probably very abun-
dant, and the struggle for subsistence proportionally slight.
The * ooze ” which covers the floor of the sea, consists in
great part of the shells of Diatoms, Foraminifera, Radiolarians,
and Pteropods, which sink from the surface. At depths
between 400 and 2000 fathoms it usually consists of the
calcareous shells of Foraminifera, like those which form
our chalk cliffs. This calcareous area is richest in animal
life. In greater depths, before reaching which calcareous
shells are dissolved, the flinty shells of Radiolarians abound ;
but in the greatest depths the shell-ooze is more or less
completely replaced by a material usually called * red-clay.”

(4.) Fresh-water Fauna.—Fresh water is the home of a
large number of Protozoa, a sponge (Spongilla), Hydra and
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two or three allies,a medusa (!) (Liémnocodium), many “worms”
(e.g., Planarians, Annelids like Nazs and Tubifex, Rotifers
etc.), many small Crustaceans and the large crayfish,
some Insects, Bivalves like Anodon, Unio, Cyclas ; snails
like Zymneus, Paludina, Planorbis ; many Fishes ; Amphi-
bians, in their youth at least ; some Reptiles, Birds, and
Mammals.

In lakes there are not many different kinds of animals
except near the shore. Neither in the depths nor at the
surface is the animal population diverse. Small Crustaceans,
Rotifers, and Infusorians are commonest, but there are not
many different genera, though Prof. Zacharias and other
enthusiasts are rapidly increasing our appreciation of this
fauna.

A few fresh-water animals have come from the land,
others have gradually spread from the sea up estuaries and
rivers, probably most were originally marine, for many lakes
are the residues of inland seas. The young stages of many
have interesting adaptations, which obviate the risks of being
swept away by currents.

(5.) The terrestrial fauna probably arose by gradual migra-
tions from the shore landwards. It includes some Protozoa
which live in damp earth ; leeches and earthworms ; a few
Crustaceans (land-crabs and wood-lice) ; many Myriopods,
Insects, and Spiders ; snails and slugs ; adult Amphibians ;
besides most Reptiles, Birds, and Mammals.

But some terrestrial animals have become more or less
aérial, notably Insects, Birds, and Bats.

Moreover, not a few animals from the shore, or from
fresh water, or from land have found a very different kind of
habitat as parasites on or in other organisms.

Geographical Areas.—The terrestrial fauna varies in dif-
ferent countries, and has often varied in the same country,
as one kind of climate has succeeded another through the
long past.

From their original homes animals have spread mostly by
active migration, but also with the help of wind and water-
currents and other dispersing powers. As they have spread,
they have varied, according to their nature and the force of
changed circumstances, and the degree of their isolation.

The geographical position of the original birth-places, the
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physical possibilities of dispersal, the climatic, nutritive,
and competitive conditions of different areas, besides the
great changes of the earth’s surface and of consequently
isolated evolution, explain in a general way why the fauna
of Europe is very different from that of South America,
or the fauna of Africa from that of Australia.

In the course of our study we shall notice some of the
more striking facts of geographical distribution, meanwhile
we shall simply define the limits of the great regions into
which the earth is divided by zoologists. Schmarda, Murray,
Wallace, Sclater, and others have established these regions
mainly with reference to birds and mammals, but there is no
doubt that the divisions are in a general way consistent for
most animals,

I shall simply quote a paragraph from Professor Angelo
Heilprin's work—Z%e Geographical and Geological Distri-
bution of Animals (Internat. Sci. Series. London, 1887), a
most valuable book for the student, especially as it considers
distribution in space and time together.

“ By most naturalists the terrestrial portion of the earth’s
surface 1s recognised as consisting of six primary zoological
regions, which correspond in considerable part with the
contmmtal masses of geographers. These six regions are :

The Falearctic, which comprises Europe, temperate
Asia (with Japan), and Africa north of the Atlas Moun-
tains ; also Iceland, and the numerous oceanic islands of the
North Atlantic :

“2 The Ethiopian, embracing all of Africa south of the
Atlas Mountains, the southern portion of the Arabian Pen-
insula, ‘ﬂadag%car, and the Mascarene Islands, and which,
consequently, nearly coincides with the Africa of gec--
graphers :

*“ 3. The Oriental or Indian, which embraces India south
of the Himalaya, Farther India, Southern China, Sumatra,
_]wa Bali, Borneo, and the I:'hlll]]plnﬂs :

¥4, I'hc Arr;.-:‘rm’:a?r comprising the continent of Aus-
tralia, with Papua or Ncw Guinea, Celebes, Lobok, and the
numerous islands of the Pacific:

“s5. The MNearctic, which embraces Greenland, and the
E,reatm portion of the continent of North f‘tmenm (exclud-
ing Mexico) :
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““ 6. The Neotropical, corresponding to the continent of
South America, with Central America, the West Indies, and
the greater portion of Mexico.”

Professor Heilprin makes several modifications on this
scheme of distribution : (@) uniting Palaarctic and Nearctic
in one Holarctic realm ; (&) establishing a special Polynesian
realm for the scattered island groups of the Pacific ; and (¢)
defining three transition regions, (1) around the Mediterr-
anean, intermediate between East Holarctic, Ethiopian,
and Oriental, (2) Lower California between Western Hol-
arctic and Neotropical, and (3) the Austro-Malaysian islands
lying to the east of Bali and Borneo, inclusive of the
Solomon islands, a region intermediate between Oriental,
Australian, and Polynesian.

It may be convenient to map out the divisions as
follows :—

(Arctic. )

NEARCTIC. PALAEARCTIC.

| Holarctic. | |
Transition Transition
to to ORIENTAL.

Transition to Pelynesian
and to
Polynesian—NEOTROPICAL.  ETHIOPIAN.  AUSTRALIAN,

(Antarctic. )



CHAPTER VIL

THE EVOLUTION OF ANIMALS.

(AETIOLOGY.)

I. THE DocTRINE OF DESCENT.

WHEN we ask, as we are bound to ask, how the living plants
and animals that we know came to be what they are—very
numerous, very diverse, very beautiful, marvellous in their
adaptatmns harmonious in their parts and qualities, and
approximately stable from generation to generation,—we may
possibly receive three answers. According to one, the plants
and animals that we know have always been as they are ; but
this is obviously contradicted by the record in the rocks,
which contain the remains of successive sets of plants and
animals very different from those which now live upon the
earth. By another, it 1s supposed that each successive fauna
and flora was destroyed by mundane cataclysms, to be
replaced in due season by new creations, by new forms of
life which arose after a fashion of which the human mind
can form no conception. The third answer is, that the
present is the child of the past in all things, that the plants
and animals now existing arose by a natural evolution from
simpler pre-existing forms of life, these from still simpler, and
so on back to a simplicity of life such as that now represented
by the very lowest organisms.

This third theory is really an old one; it is merely man’s
application of his idea of human history to the world around
him. It was maintained with much concreteness and
power by Buffon (1749), by Erasmus Darwin (1794), and
by Lamarck (1801). But in spite of the labours of these
thoughtful naturalists and of many others, the general idea of
the natural descent of organisms from simpler ancestors,
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was not received with much favour till Darwin, in his * Origin
of Species ” (1859), made it current intellectual coin. By
his work and by that of Spencer, Wallace, Hzckel, and
many others, the doctrine of descent, the general fact of
evolution, has been established, and is now all but universally
recognised.

The chief arguments which Darwin and others have
elaborated in support of the doctrine of descent, according
to which organisms have been naturally evolved from simpler
forms of life, may be ranked under three heads—(a) struc-
tural, (&) physiological, (¢) historical. I shall not restate
the arguments, but content myself with reminding you of
their nature.

Lpidences of Evolution.

(a) Structural.—(1) There are said to be about two
million living animals of different species, that is to say, of
different kinds which are not readily fertile with one another.
These species are connected together by varieties, which
make strict severance often impossible ; they can be ration-
ally arranged in genera, orders, families, and classes, between
which there are sometimes remarkable connecting links ;
there is a gradual increase of complexity from the Protozoa
upwards along various lines of organisation ; it is possible to
rank them all on a genealogical tree. A little practical
experience makes one feel that the facts of classification
favour the idea of common descent.

(2) Throughout vast series of animals, we find in different
guise essentially the same parts, twisted into most diverse
forms for different uses, but yet referable to the same funda-
mental type. It is difficult to understand this “ adherence
to type,” this * homology ” of organs, except on the theory
of natural relationship.

(3) There are many rudimentary organs In animals, espe-
cially in the higher animals, which remain very slightly
developed, and which often disappear without having served
any apparent purpose. Such are the ¢ gill-shits ” or *‘ visceral
clefts” in Reptiles, Birds, and Mammals, the teeth of young
whalebone whales, or of embryonic parrots, the pineal body
(a rudimentary eye) in Vertebrates, etc., etc. Only on the
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theory that they are vestiges of structures which were of
use in ancestors are these rudiments intelligible. They are
relics of past history like the unpronounced letters in many
words.

(&) Physiological.—(1) Observation shows that animals are
to some extent plastic. In natural conditions they vary in
the course of several generations or even in a lifetime. This
is especially the case if one section of a species be in any
way isolated from the rest, or if the animals be subjected
in the course of their wanderings to novel conditions of
life. Even apart from notably changed circumstances,
moreover, animals exhibit variations from generation to
generation.

(2) The evidence from domesticated animals is very pre-
cise and convincing. By careful interbreeding of varieties
which pleased his fancy or suited his purposes, man has
produced numerous breeds of horses, cattle, sheep, and
dogs, which are often distinguished from one another by
structural differences more profound than those which
separate two natural species. In great measure, however,
domestic breeds are fertile with one another, while different
species rarely are. The numerous and very diverse breeds
of domestic pigeons, which are all derived from the rock-
dove (Columba livia), vividly illustrate the plasticity or
variability of organisms.

(3) It sometimes happens that the offspring of an animal
resemble not so much the parent as some other form
believed or known to be ancestral. Thus a blue pigeon like
the ancestral Columba livia may be hatched in the dove-cot,

a foal may appear with zebra-like stripes, and in times of
famlne children may be born who are in some ways ape-like.
Such atavisms or reversions are not readily intelligible except
on the theory of descent.

(¢) Historical.—(1) Among the extinct animals disen-
tombed from the rocks, many form series by which those
now existing can be linked back to simpler ancestors. Thus
the ancient histc:ry of horses, crocodiles, and cuttlefish is
known with a degree of cﬂmp\etcm‘:% which makes it almost
certain that the simpler extinct forms were in reality the
ancestors of those which now live. Moreover, that many
connecting links have been discovered in the r{:u:kea, and that

'I."'
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the higher animals gradually appear in successive periods
of the earth’s history, are strong corroborations of the
theory.

(2) It is less easy to state in a few words, how the facts of
geographical distribution, or the history of the diffusion of
animals from centres '-‘.}'IEI"E the presumed ancestral forms
are or were most at home, favour the doctrine of descent.

(3) The individual life- history of an animal— often strangely
circuitous or indirect—is interpretable as a modified recapitu-
lation of the probable history of the race. Every animal
starts as a Protozoon ; the morula and gastrula stages corres-
pond to the presumable beginnings of multicellular life.
The embryo mammal is at one stage somewhat like a young
fish, at another like a young reptile ; even in details, the
recapitulation, if such we may term it, is sometimes faithful.

II. TuE TuEORY OF EVOLUTION.

The doctrine of descent is now almost universally recog-
nised ; but there is much uncertainty in regard to the way
in which the evolution has been brought about. The fact
of evolution is admitted, while debate goes on with regard
to the factors. With the exception of Alfred Russel
Wallace and a few others, who postulate spiritual influxes
to explain the beginning of consciousness and the higher
human qualities, evolutionists are agreed in trying to explain
the evolution of plants and animals as a continuous natural
process, the end of which was implicit in the beginning.
In so doing they are following the method of analysis,—
trying to explain things in their lowest terms. As the
biologist’s lowest term is living matter, about which our
most certain knowledge is that it can in favourable circum-
stances #unk, there is no reason to call the evolutionist’s
analysis ‘“ materialistic ”—if anything opprobrious be meant
by that adjective. Nay more, even if he knew the chemical
and physical secret of living matter,—an advance not In
the least degree imminent at the present rate of progress,
he would know but a marvellous kind of ethereal motion,
of which again we have surest knowledge in our brains
when we think and feel. In short, the common denomin-
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ator of biologist and physicist alike is as inexpressibly
marvellous as the philosopher’s greatest common measure.
There are at least two great problems in evolution :—
(A) How do changes or variations arise ?
(B) How do these variations become new, well-
adapted, progressive species ?

A. The Primary Factors in Evolution—which will
account for the origin of variations.

It 1s well to recognise that this is the fundamental prob-
lem. Unless we can give some theory of the origin of
variations, we have no material for further construction.
Unfortunately we are very ignorant about the whole matter.
But, in the first place, it is quite certain that the environ-
ment in the widest sense must be the primary cause of
changes in animals. So far almost all naturalists are
agreed. Thus Herbert Spencer says, *“ The action of the
environment is the primordial factor in organic evolution,”
and Weismann traces the origin of variations in the long run
to the action of the environment upon the simplest organ-
isms. By the environment we mean all external influences
—mechanical, chemical, physical ; pressure, moisture,
aération, beat, light, and also food. [It is indeed possible
that there are environmental influences of which our senses
are unaware,—the * spiritual influxes” of which Wallace
speaks, but these are obviously beyond the scope of scientific
analysis.] *

That all variations are ultimately due to the action of
the environment in the widest sense, we regard as an axiom.
But in regard to the direct conditions of organic change,
naturalists are or ought to be very uncertain. I shall state
the possibilities,

* It seems to me desirable to avoid talking about the *¢ principles of
evolution,” #.p., as variability, heredity, and natural selection, or as
variability, heredity, isolation. Not only are words like ** principle ”
used in the loosest possible way, but they suggest a conclusiveness which
certainly does not exist, and they are apt to become intellectual
fetishes. Variability is only a term for the tendency organisms have to
vary, the conditicns of variation being numerous and obscure.  Similarly,
heredity is only a term for the relation of organic continuity between
successive gencrations.
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(1.) Environmental—Variations produced by the direct
action of external influences (emphasised by Buffon,
Treviranus, Semper, and others.)

(2.) Functional. __Variations produced as the results of use
and disuse, or by change of function (emphasised
by Erasmus Darwin, Lamarck, and the * Neo-
Lamarckians”). ;

(3.) Organismal, Constitutional, or Congenital. — Varia-
tions not directly traceable to (1) or (2), but resulting
from the inequilibrium of the protoplasm :

or from the tendency to preponderance of anabolic
or katabolic processes (Geddes) :

or from pathological change (Sutton) :

or from the internal complexity of the organism,
the “struggle of parts within the organism”
(Roux) :

or from the predominance of an accessory over
a principal function (Dohrn) :

or from the rhythm between vegetative and re-
productive preponderance (Geddes) :

or from the stimulus that one part gives to another
(Kleinenberg) :

or from the tendency to “ cumulative growth” in
definite directions (Eimer) :

or from the intermingling of two different living
plasmas in fertilisation (Weismann).

Congenital variations are regarded by most Darwinians as
numerous, zzndefinite, arbitrary, * fortuitous,” *“ spontaneous,”
without any necessary connection with the experience, habits,
needs, or external surroundings of the animal,

Acc&rdmg to a minority, variations occur in a few definite
directions, necessarily determined by the constitution, habits,
and surmundings of the organism or of its ancestors.

B. Zhe Secondary Factors in Evolution, as the result of
which variations become new, well-adapted, and pro-
gressive specles.

~ (1.) Natural Selection.—Though Charles Darwin believed
in the efficacy of external influences and of use and disuse
as factors in evolution, the distinctive contribution which he
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and Alfred Russel Wallace made to the theory of evolu-
tion, was to show how natural selection, acting upon in-
dehmte variations, might give rise to new ';peczes and
adaptations. *Natural selection has been the main, but
not the exclusive, means of modification.”

The Darwinian theory may be thus summarised : All
organisms produce offspring on the whole like themselves,
but also exhibiting new and individual features. As the
result of the severe struggle for existence, only a small per-
centage of offspring survive to become reproductive adults.
The survivors are those whose variations enable them to gain
some advantage over their fellows in the struggle for food,
mates, and other conditions of well-being. A fit variation not
only secures the survival of 1ts possessors, but Is transmitted
from parents to offspring, and is intensified from generation
to generation. By this process of natural selection of ad-
vantageous variations, continued for many generations, the
modification of species has been effected.

There is no doubt that the variations on which Darwin
mainly relied were constitutional or congenital variations,
whose transmissibility is quite certain. He rarely specu-
lated as to their origin, but believed it to be a fact that
“ spontaneous,” “indefinite,” ‘ fortuitous” variations con-
stantly occurred. Darwin also believed in the importance
of sexual selection, in which the females choose the more
attractive males, which, succeeding in reproduction better
than their neighbours, tend to transmit their qualities to
their numerous male heirs. But this and other forms of
reproductive selection may be regarded as special cases of
natural selection, and require no particular emphasis. Nor
is the importance of sexual selection admitted by so great
an authority as Wallace.

(2.) * Zsolation.”—Under this title Romanes, Gulick, and
others include the various ways in which free intercrossing is
prevented, by the geographical separation of the members
of a species, or by a reproductive variation causing mutual
sterility between two sections of a species living ona com.-
mon area. “ Without isolation, or the prevention of free
intercrossing, organic evolution is in no case possible. Iso-
lation has been the universal condition of modification.
Heredity and variability being given, the whole theory of
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organic evolution becomes a theory of the causes and condi-
tions which lead to isolation ” (Romanes).

Cumulative Effect of Definite Variations.

According to some other naturalists (Buffon, Lamarck, Tre-
viranus, Erasmus Darwin, Mivart, Cope, Eimer, and Geddes),
definite variations due to the sustained action of the en-
vironment, or to persistent change of function, or to internal
conditions of growth, may accumulate in the course of
generations, so that new, well-adapted,’ and progressive
species are evolved.

In regard to environmental and functional variations, how-
ever, it is at present difficult to decide as to the degree in
which they are transmissible.

Struggle for Existence.

Geddes especially has protested against exaggerating the
importance of the individual struggle for existence, main-
taining that some of the most important steps in evolution
have been due to the subordination of nutritive to reproduc-
tive activities, of self-preserving to species-maintaining func-
tions, of egoism to altruism. Kropotkin has also shown
with much carefulness that mutual aid 1s exhibited by many
animals, and that it modifies and ennobles the struggle for
material subsistence.

It should be remembered that Darwin intended the
phrase “ struggle for existence ” to be used “1in a wide and
metaphorical sense.” He did not mean it to be restricted
to individualistic competition for food. He meant it to
include all endeavours for the well-being both of the indi-
vidual and the offspring.

Moreover, as natural selection simply means that useful
variations succeed and that.the unfit are eliminated, it
justifies altruistic endeavour no less—in some cases more—
than egoistic struggle.

It seems to me quite possible to combine all the theories
of evolution : the difficulty is to know in what proportions.

Meanwhile I suggest the following balance-sheet of
opinions :—
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Secondary Factors.

THEORY OF EVOLUTION.

SUMMARY OF EVOLUTION THEORIES.

Variations all ultimately due to External Influences.
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The process of natural selection will affect all cases, but is
less essential for those marked *.

Origin of Variations.

Origin of Species.



SOME NOTES ON BOOKS.

Those for whom this volume is primarily intended,—students who
are beginning the study of Zoology as part of a scientific and medical
curriculum, will find the following four books of great service :—F,
Jeffrey Bell's Comparative Anatomy and Physiolovy (Lond. 1887);
C. Lloyd Morgan’s Animal Biology (Lond. 1889); A Course of Ele-
mentary fnustruction in Practical Biology, by T. H. Huxley and H, N,
Martin, revised edition by G. B. Howes and D. H. Scott (Lond.
1888) ; and A Course of Practical Zoology, by A. Milnes Marshall and
C. H. Hurst, 2nd Ed. (Lond. 1888).

Among text-books, Huxley’s two volumes on the Anafomy of fnverte-
brate and Vertebrated Animals (Lond. 1877 and 1871), occupy the
highest plane, but they require to be re-edited. Useful in particular
ways are the works of Claus, Grundsziige der Zoologie, Marburg, 1880-2
(untranslated), and his smaller text-book (trans. by A. Sedgwick, 2 vols.,
Lond. 1884-5), and the text-books of A. S. Packard, and of H. Alleyne
Nicholson. As a modern introduction to the problems of classification,
W. A. Herdman’s Phylogenetic Classification of Animals (Lond. 1885)
will be found at once terse and clear.

Works on Comparative Anatomy :—Gegenbaur’s (trans. by F. Jeffrey
Bell, Lond. 1878); Wiedersheim’s (trans. by W. N. Parker, Lond.
1886), and his unabridged and untranslated volume ; Lang’s re-edition
of Q. Schmidt’s Fergleichende Anatomie (in progress, Jena, and being
translated) ; Hatschek’s smaller work (also in progress, Jena, and un-
translated). A treatise on comparative physiology 1s hardly possible at
present, but the senior student should make himself acquainted with
Krukenberg’s Vergleichend- Physiologische Studien and Vortrdage (Heidel-
berg, 1881-9).

For the practical study of Invertebrates, we have now a complete
manual in French or German, by Vogt and Yung (7raitd &’ Anatomie
comparéds pratigue (Paris 1885-90); or Lehrbuckh der praktischen Ver-
gleichenden Anatomie (Braunschweig 1885-90), which is being continued
by a similar treatment of Vertebrates. W. K. Brooks' Handbook of
Inwertebrate Zoology for Laboratories and Sea-side Work (Boston, 1882),
Is very valuable. T. J. Parker’s Zootomy (Lond. 1884), is indispensable
to those who wish to make a thorough practical study of the commeon
vertebrate types.
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An atlas will help the student greatly, if he does not use it too much.

G. B. Howes, Atlas of Practical Elementary Biology (Lond. 1885).

A. de Vayssiere, Atlas @’ Anatomie comparée des Invertébrés (Paris
1889).

W. R. Smith and J. S. Norwell, /lustrations of Zoology : Vertebrates
and fnvertebrates (Edin. 185g).

Works on Embryology :—

F. M. Balfour, Comparative Embryology (2 vols., Lond. 1880-81).

M. Foster and F. M. Balfour, 7The Elements of Embryology. 2nd
Ed. by A. Sedgwick and W. Heape (Lond. 1883).

A. 'C. Haddon, /mtroduction to the Study of Embryology (Lond.
1887).

C{ Hertwig, Lehrbuch der Entwicklungsgeschichte des Menschen und
der Wirbelthiere. (2 Ed. Jena, 1888., cf. French ed. by Julin.)

E. Korschelt and K. Heider, Lekrbuch der Vergleichenden Entwick-
lungsgeschiclte der Wirbellosen Thiere. (1st part, Jena, 18g0.)

Works on Paleontology :—

H. A. Nicholson and R. Lydekker, Manunal of Palwontology (2
vols., Lond. and Edin. 1889).

K. A. von Zittel's Handbuch der Paleontologie (in progress, Munich
and Leipzig).

M. Neumayr, Die Stimme des Thierreichs (vol. 1., Vienna and
Prag, 1889).

For information as to the geographical distribution of animals see :(—

A. R. Wallace, Geagraphical Distribution (2 vols., Lond. 1876).

A. Heillprin, The Geographical and Geological Distribution of Animals.
(Internat. Sci. Ser. Lond. 1887.)

W. Marshall, in Berghaus’ Physibal Atlas (Leipzig, 1887).

As works of reference, the following are useful :—

Bronn’s Klassen und Ordnungen des Thierreicks ( a series of volumes
still in progress, Leipzig).

Leunis, Synopsis des Thierreichs (Hanover, 1886). (Useful for the
identification of animals.)

The Zoological Articles in the Zncyclopedia Britannica (some of
which by E. Ray Lankester and others are published separately).

W. Hatchett Jackson's edition of Rolleston’s Forms of Animal Life
(Oxford, 1888).

For records of progressive research, I may reler the student to the
Fournal of the Royal Microscopical Society (edited by F. Jefirey Bell),
which is published every other month, and gives summaries of recent
researches ; the annual Zeological Record (edited by F. E. Beddard).
which catalogues all the work of the preceding year; the most
important British Journal,—7e Quarterly Fournal of Microscopical
Sctence (edited by E. Ray Lankester and others), and of course Nature,
in which valuable summaries and discussions are often found.
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Students naturally wish to supplement their knowledge of the
anatomy and physiology of animals with information about their habits,
and for this purpose there are three excellent works,—Cassell’s Natural
History, edited by P. Martin Duncan (6 vols., Lond. 1882); Z7%e
Standard or Riverside Natural History, edited by J. 5. Kingsley (6 vols.,
Lond. 1888), and Brehm’s Ziierieben, of which a new (3rd) edition is
at present in progress (10 vols., Leipzig and Vienna.) Those who read
German will also find in Carus Sterne’s (Emnst Krause's) Werden und
Vergehen (3rd ed., Berlin 1886), the most successful attempt yet made
to combine in one volume, a history of the earth and its inhabitants.

Those interested in the psychology of animals should begin with the
works of G. J. Romanes, Animal Intelligence, and Mental Evolution of
Amnimals, with Sir John Lubbock’s Senses of Animals, and with the

recently published book on Awimal Life and Intelligence, by C. Lloyd
Morgan.

Of introductions to the study of Evolution, there is no better than A,
R. Wallace’s Darwinisme (Lond. 1889), and the philosophic student
should not omit reading P. Geddes’s articles Biology and Ewvolution
in Chambers's Encyclopedia. The great work on the history of
Zoology is that of J. V. Carus, Geschichte der Zoologie (Munich, 1872),
but a short sketch wil be found in E. Ray Lankester’s article Zeology in
the Encyclopedia Britannica.

A guide both to the more popular and to the more philosophical

literature of Zoology will be found in my Study of Animal Life (Lond.
1391.



CHAPTER VIIL
PROTOZOA—THE SIMPLEST ANIMALS.

MosT of the simplest animals or Protozoa are very small unit
masses of living matter, or single cells, which usually differ
from plants in their way of feeding. Most of them feed on
small plants or other Protozoa, or on the débris of larger
living things, and not a few are parasitic. Most of them live in
water, but many can endure dryness for some time. Inone
set (Rhizopods) the living matter is without any rind, and
flows out in more or less changeful threads and bulgmgs by
the movements of which the animals engulf their food and
glide along. The others have a definite rind, which in a
very large number (Infusorians) bears rapidly motile lashes
or cilia, but in a minority (Gregarines) is without any obvious
locomotor structures. But these three states may occur in
the life of one form ; in fact, each of the three great classes
is marked by the predominant, and not by the exclusive
occurrence of the rhizopod-like, or the infusorian-like, or the
gregarine-like phase of cell-life. Many have an external
framework of lime, flint, or other material, while within the
cell there is a special kernel or nucleus, or there may be
several. There are also other less constant structures. The
Protozoa multiply by dividing into two daughter units, or
into a large number ; and two individuals often unite
temporarily, or p:.rm'mt.ntly, in conjugation, which is ana-
logous to the union of ovum and spermatozoon in higher
animals,

Let us revise these facts in greater detail.

Lrotozoa and Metazoa.—According to the cell theory
or doctrine, first clearly stated by Schwann and Schleiden
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in 18389, all but the simplest plants and animals are built
up of many unit masses of living matter or cells. The
Protozoa are, with few exceptions, unicellular; all other
animals (Metazoa) are multicellular. A Protozoon is there-
fore comparable to a blood-cell, a muscle-cell, or a ciliated
cell,—to enxe of the many units which make up a higher
animal. We may compare a rhizopod with a white blood
corpuscle, an infusorian with one of the ciliated cells
lining the windpipe, a gregarine with a degenerate muscle-
cell.

But there is this difference, a single-celled Protozoon is
an independent organism complete in itself. Within the
compass of its unit mass, all the usual functions of con-
tractility, irritability, digestion, secretion, respiration, and
excretion, are discharged ; while in a higher animal, in which
division of labour has been established, each cell is more or
less dependent upon. its neighbours, and its functions are
restricted or specialised in range. A Protozoon is a cell
which is physiologically complete in itself.

Moreover, it was soon realised, as a corollary of the cell
theory, that every Metazoon begins to develop from the
repeated division of an egg-cell or ovum, which has been
fertilised In most cases by a male-cell or spermatozoon. It
became evident that the Protozoa correspond to these repro-
ductive cells. The Protozoa are comparable to the young
ova, or to the primitive-male-cells of higher animals. But the
primitive-male-cell of a higher animal divides into a number
of spermatozoa, which cling together for a while, separate,
and are liberated from the body, mostly to die; while the
numerous cells into which a Protozoon may divide, go apart
and live independent lives. Or again, the young ovum of a
higher animal increases in size, makes a preliminary attempt
at division on its own account, but dies in most cases unless
it be united with a male-cell, When thus fertilised, it divides
repeatedly, and the result is an embryo of coherent cells ;
whereas the units into which a Protozoon divides usually
part company at once. In short, the Protozoa do not
form a “body”; “they leave off where higher animals
begin.”

It has been necessary to insert many saving clauses in
speaking of the unicellular character of Protozoa, for this
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reason, that some Protozoa divide and yet cohere, forming
loose colonies of cells. In these, there is little or no division
of labour; we can hardly call them “bodies”; yet they
consist of many cells in loose union. Such colonies are
found among some of the very simplest of the Protozoa, as
well as among Rhizopods, and among Infusorians.

Plants and Animals.—Plants live a life fundamentally
similar to that of animals. Like animals, plants breathe
and digest, and they often move and feel ; the higher forms
are built up of many cells, and spring from a fertilised
egg-cell ; the chemist finds many substances in plants,
which occur in animals also.

Thus there 1s no absolute distinction between plants and
animals ; they represent divergent branches of a V-shaped
tree of life. It is easy to distinguish extremes, like bird
and daisy, less easy to contrast sponge and mushroom, well
nigh impossible to decide whether some very simple forms,
which Hackel called “protists,” have a bias towards plants
or towards animals. But the food which most plants absorb
is cruder or chemically simpler than that which animals are
able to utilise. Plants derive the carbon they require from
the carbonic acid gas of the air, whereas only a few green
animals have this power. Almost all animals depend on the
sugar, starch, and fat already made by other animals, or by
plants. As regards nitrogen, most plants derive this from
simple nitrates, absorbed along with water by the roots;
whereas animals obtain their nitrogenous supplies from the
complex proteids formed within other organisms. Most
plants, therefore, feed at a lower chemical level than do
animals, and it is very characteristic of them, that in the
reduction of carbonic acid, and in the manufacture of starch
and proteids, the kinetic energy of sunlight is transformed
by the living matter into the potential chemical energy of
complex food-stuffs. Animals, on the other hand, get their
food ready-made; they take the pounds which plants have,
as it were, accumulated in pence, and they spend them.
[For it is very characteristic of animals that they convert the
potential chemical energy of food-stuffs into the kinetic
energy of locomotion and other activities. In short, the
great distinction—an average one at best—is that most
animals are more active than most plants. But as the



PROTOZOA.

94

_ sassacoad | o1joq
-euE ,, o ‘Suippng-dn ‘SAnomnsuos jo
aouvsapuodaid serrppae v wseidojoad
| 40 Janew Sulal] J19Y] YItm pPRICIoosse
safueyd [ella Yl ul moys pue ‘aals
-sed Lpuemwopaad aie ‘yiom |BULIXD
10 uonow ut £21su 3| Lpaneredwod
puadxas {{p1oe J1uoqaed jo)siadnpal Aje
-ansuIMoEIEYd 21 Aot fsaoueieqns xad
w102 35913 jo A510ud [eatwayd (eruaod
ay oul ySiuns jo AZud u_mﬂ:_u
a1 Maauod KLayy {saoueisqns x|

-wod Fural ojul [euaew-pooj ajduns
Ljeomwayd  ‘apnad dn prng Layg,

BN
e AW B 10)
apdwis awoyg

pajyeu jsea
IARY SIUE|

“ANOGE] JO UOISIATP SS2 Yonu
‘aSvisar ue uo qIYNa S[@2 AL,

.wu....mqu_ﬁ_..u__.u:EE:.E ﬁu:EmEm
Sumop ‘aandnasip jo  aouniapuodal
2ergepae v ‘wisedoload 1o sayew Fupa)
h._u_.._.._ _._u_}._. ﬁunu.ﬁmu_umr..w mﬂMEﬂFﬁU _.h___._._.
I Ul MOLUS pUE ‘IA1I0E .amﬂ_.n:mEaﬂ
-aid  auae ...-.._um__u.mu_"__u_ ._ﬁ___.ﬁum._.mmhuuuﬁpﬁ.,_u

aie Aoyl !NIom [ELIDIXD puEe uon |

-owoso] ul £31aua JnBuy ojul L3I |

[enuajod siyy 2Au0d L)) L spewiue
laqio Aq 1o sjuejd Lq dn paxiom

dpealje (eumEwW-poo) asinn AayT,
*ONSLaIEIRYD 1 S|[2D ay)
Suowe anoqe| jo UMSIAIP payLe]y

PR ———

"oaeys 03 pare
AQeonuayd  eumEw e ‘ason)ad Aq
up pajes aae sjEo juauodwod ayy,

"aso[n||22 jo acua) Lue moys Jaaau
JSOW[E PUE ‘20uULISqus-[[20 Y1 Wolj
JuaLaIp A|qENSUOWP |BLI]EW JO Walyl
2ABY A[21e1 ‘s[pem-[[20 anuysp A1aa

sueIpiase 10 sunbs
-pas uﬁmmnm. ayl jo aPuno
10 J1Un3 AYJ JO ISOW SULLO)
pur ‘SURLIOSNjuU] AWOS Ul
INJ00 0] SWavs ason|[an)

ou ALY UAYo S[[a0 Jusuodwod ayT,

.n_—_.._n-._mEu._.._u ol BABY
mu:mmhﬂuEﬂm_u:ﬂ_M:z.m

saouelsqns xajdwoa dn
Swippng ur pue {uadixo jo uoneiaql|
atm) ploe otuoqaed Sunpat ur ‘s
-Lns Jo ASraus Ayl sasI|In Aagyew-Fuiay)
a1 yorga Jo pre Lq juawdid uasad ap
qiAydosopyo ssassod Suolew ay g,

Tdyd
-o1o[yn fue Lppaes Liaa aaey Layl

‘l1Aydotoy yimm jeanuapt
hﬁuﬂw_ma_m_ﬁhwmf_u_a:mﬁrmwﬂ_
uaaad aaey ‘siprac weplpy
‘aBuods  1a9um - ysay )
‘20Z0J01J WOs T2 Mgy

...._D.m.u_.m.._.,.._._._._ h_u.ﬂu
ut jevondaoxa jed ur aae
sayseted swos pue ‘15ung]
‘syued snotoatured furedy

s1onpoad-a1sem
snouafoanu jo pu 3128 jou op KLayf
‘[os Byl jo sayeanu a1 Aquoadsa
‘spunodwoes snousSonu apdwis wol)
uafosniu asmbar a1 weqo Layy,

sjonpord-asem snouaSolnu jo pur 38
0] UMOUY 218 WA JOISOJY “swsiueFio
1210 Lq apew ‘sprajoad sy ueyy a3yd
-unts j0u spunodwod snousSolliu wody
uafoinu ansimbax sy ureigo Kay1

syue|d

21| paaj 1 2qe L|qeqoid
aie ©0z0j01d 3wos ‘uredy

Ajddns
-uoqded Jo  SaUN0S 1310
puy sapseaed swos pur
‘1dun f 'syued snotoature))

IEM
10 J1e ) ul sed ploe J1uogied wody
uoqtea amsmnbar sy ureiqo Ay

spewiue 2130 q 10 syued
Aq sprw '*02 e ‘1edns ‘yYoiers woay
uoqaea ansmbaz ayy ueigeo Layg

-op
sjue|d se proe J1uoqaed 351N
0] J|qe aq 01 WIIs (; *919)
wozoyoa g uaaad  Awog

*pooj A|qnjos qiosqe A3y,

Py
pilos ss9] 4o asow uo payy Leyf

~qaosqe Ljduns sans
-uied pue vozojold SWOQ

*SNOILJHIXG] AWO0S

SLEYT 40 SOLLSIHELIVHEY HD)

SIVHINY 40 SOLLSTHRELIVHYHT)

SNOILAADIXG A0S




GENERAL CLASSIFICATION., 95

time-honoured “distinctions between plants and animals ”
are apt to be wearisome, I have condensed them in a
table.

General Classification—Since the Protozoa are for the
most part single cells, it is evident that their classification
should be harmonious with that of the units in a higher
animal. There are three series—(a) those in which the living
matter flows out in changeful threads, or “ pseudopodia,”
as in the common Amaba, which we compare with the
white blood-corpuscles or leucocytes, many young ova, and
other * amaboid 7 cells of higher animals ; (#) those in which
the units, bounded by a definite rind, bear motile lashes (cilia
or flagella), as in the common Paramaecium, which we may
liken to the cells of afiafed epithelium, or to the active sperm-
atozoa of higher animals ; (¢) those in which the units, again
with a rind, have no motile processes or outflowings, viz., the
parasitic Gregarines, which we may compare to degenerate
muscle-cells, or to mature ova, or to * encysfed” passive cells
in higher animals.

Moreover, this threefold classification represents the three
physiological possibilities—(a) the amceboid units, neither
very active nor very passive, forming a median compromise ;
(4) the ciliated Infusorians, which are usually smaller, show-
ing the result of a relative predominance of expenditure ;
(¢) the encysted Gregarines representing an extreme of
sluggish passivity.

But, as Geddes and others have shown, the cells of a
higher animal often pass from one phase to another,—the
young ameeboid ovum accumulating yolk becomes encysted,
the ciliated cells of the windpipe often to our discomfort
sink into amceboid forms. The same is true of the Protozoa ;
thus in various conditions the ciliated or flagellate unit may
become encysted or amceboid, while in the very simplest
forms, such as FProtomyxa, there is a “ cell-cycle ” in which
all the phases occur in one life-history.

Therefore our classification must read as follows :—

(a) Rhizopods,—which are predominantly amceboid,

and possess changeful but sluggish outflowing pro-
cesses, either blunt or thread-like. They represent

an equilibrium or mean between the following
extremes.
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() Infusorians,—which are predominantly ciliated. They
exhibit ascendant activity.

(¢) Gregarines,—which are predominantly encysted, and
have no locomotor processes. They illustrate pre-
dominant passivity.

It 1s also important to notice Ray Lankester’'s division
of the Protozoa into naked and clothed forms (Gymnomyxa
and Corticata), the latter with the unit enclosed in a definite
rind, the former with the living matter unensheathed. The
Gymnomyxa include the primitive forms, and the Rhizopods ;
the Corticata include the two extremes—Gregarines and
Infusorians.

CLASSIFICATION OF PROTOZOA.

(CORTICATA.) (GYMNOMYXA.) (CORTICATA. )
Predominantly Predominantly Predominantly
lashed and ameeboid. encysted and
active. passive.
INFUSORIANS. RHIZOPODS. GREGARINIDS.

ACINETARIA. RADIOLARIA.,

FORAMINIFERA.
CILIATA.
LABYRINTHULIDEA.
RHYNCHOFLAGELLATA GREGARINIDA
HELIOZOA.
DINOFLAGELLATA. 0r
LOBOSA.
SPOROZOA.
FLAGELLATA.

ProTEOMYXA and MYCETOZOA.
PRIMITIVE FORMS.
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Ordinary Functions.—The Amadba draws in one part of its
cell-substance and protrudes another,—it is contractile ; it
moves apparently * of itself,” and shrinks from strong hght
and obnoxious materials,—it is ‘‘ anfomatic and irritable”; it
makes up for the energy thus expended by eating and
digesting food- particles,—it is * receptive and assimilative”,
within its cell-substance by-products are made, which are
retained for further use (secreftons), or pass out as waste
(excretions). It is an essential condition of its life, that
oxygen be supplied (for life involves an oxidation of the
living matter), and that the waste carbon dioxide be got rid
of ; in other words, the Amaba respirves. Moreover, when its
income exceeds its expenditure, it grows,; In reverse con-
ditions, or at the limit of growth, it »eproduces. We have
already cited the account of these functions given in the first
chapter of the fourth edition of Foster’s Physiology. There it
is also clearly shown how the Amaba, discharging all its func-
tions within the compass of a cell, differs from a higher animal
in which distinct sets of cells have been specialised for
various activities. The Protozoon is structurally or mor-
phologically simple, but in one sense it is, just because of
this simplicity, physiologically complex. All the functions
are crowded into the activity of a unit mass, whereas a
cell in a higher animal has usually one function dominant
over the others. It is therefore easier to study the phy-
siology of higher animals, while it is difficult to find out
much in regard to the contraction, digestion, and other
functions in the Protozoa.

The blunt or thread-like outflowings of Rhizopods are
usually associated with streaming movements of the cell-sub-
stance, the granules passing inwards and outwards. A some-
what similar streaming may be seen within the cell, both in
Protozoa and in some plants. A defined contraction, like that
of a muscle-cell, is well illustrated in the stalk of Varf:'m’:’:z
and some similar Infusorians. The numerous cilia which
lash most Infusorians through the water are * bent and
straightened alternately,” while the flagellum, which is usually
a single motile thread, * exhibits lashing movements to and
fro, and is thrown into serpentine waves during these move-
ments.”

That intra-cellular digestion occurs, that respiration is

G
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aiged by the bubbles of water which often enter with the
food-particles, that the * contractile vacuoles ” help in excre-
tion, are certain facts, though few details are known in regard
to these or other functions. In some cases a digestive ferment
seems to have been detected, and uric acid is said to occur
as a waste-product.

To stimuli such as light, heat, or chemical reagents, the
Protozoa respond in a manner which shows considerable
sensitiveness, but specially endowed parts, such as plgment-
spots, are rare. The Protozoa sometimes behave in a way
which suggests conscious effort and intelligence, but as
cut-off fragments also act with marvellous reasonableness,
and as the nucleus cannot be regarded as a brain, there
seems no reason to credit them with more than that
diffuse consciousness which is possibly co-extensive with
life. Verworn has decided, after much labour, that the
Protozoa do not exhibit what even the most sanguine could
call intelligence, but this is no reason why he or any other
evolutionist should doubt that they have in them the inde-
finable rudiments of thought.

Structure.—The Protozoa are sometimes called ‘ struc-
tureless,” but they are only so relatively. For though they
have not stomachs, hearts, and kidneys, as Ehrenberg sup-
posed, they are not like drops of white of egg. Our eyes,
when aided by the microscope, can distinguish structure in
these simplest animals. They are simple as an egg 1s simple
when compared with a bird.

In some cases—probably in all—the cell-substance con-
sists of a living network or foam, in the meshes or vacuoles
of which there is looser material. Included with the latter
are granules, some of which are food-fragments in process of
digestion, or waste-products in process of excretion.

The cell-substance includes a nucleus or several nuclei,
essential to the life and multiplication of the unit. There is
no need to preserve the term *“ Monera,” applied to verysimple
Protozoa supposed to be without nuclei, for in some of
these the nuclei have been discovered, and itis very probable
that nuclear material in some form exists in them all. The
nucleus is complex like the cell-substance, for where it is
large enough to be well observed, it is seen to consist of a
nuclear network, or a coil of nuclear threads. In the division




STRUCTURE OF PROTOZOA. a0

of many Protozoa, as in the cells of higher animals, the
nucleus plays an important part. It passes out of a resting
state and becomes active. The nuclear threads or *“ chrom-
atin filaments ” loosen themselves from their coiled state,
and arrange themselves in a star at the equator of the cell,
whence they divide into two groups, which retreat from one
another, and become the daughter nuclei of two daughter
cells.

In naked Protozoa, the outer part of the cell-substance
(“ ectoplasm ) is often different from the inner part (“ endo-
plasm "), as one would expect it to be, but this difference 1s
a physical one of little importance. In the other Protozoa,
there is a more definite rind or thickened margin of cell-
substance. Outside this there may be a * cuticle” distinct
from the living matter, sometimes consisting of chitin, or
gelatin, or in a few of cellulose. The cuticle may form
a cyst, which is either a protection during drought or a
sheath within which the unit proceeds to divide into numerous
spores. Moreover, the cuticle may become the basis of a
shell, formed from foreign particles, or made by the animal
itself of lime, flint, or *“ horny ” material.

In the cell-substance, there may be bubbles of water
taken in with food-particles (food vacuoles), special pulsating
regions which sometimes burst to the exterior like primitive
excretory appliances (contractile vacuoles), fibres which seem
to be specially contractile (in Gregarines), spicules of flint or
threads of horn-like material which may build up a connected
framework, pigment of wvarious kinds perhaps including
chlorophyll. In the Radiolarians and a few Foraminifera,
there are partner plant cells or symbiotic Algae.

Reproduction of Profozoa-—Growth and reproduction are
on a different plane from the other functions. Growth
occurs when income exceeds expenditure, when constructive
or anabolic processes are in the ascendant. Reproduction
occurs at the limit of growth, or sometimes in disadvan-
tageous conditions when disruptive or katabolic processes
gain some relative predominance.

As it is by cell-division that all embryos are formed
from the egg, and all growth is effected, the beginnings of this
process are of much interest. (&) Some very simple Protozoa
seem to reproduce by what looks like the rupture of outlying
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parts of the cell-substance. (&) The production of a small
bud from a parent cell is not uncommon, and some Rhizo-
pods (e.g., Arcella, Pelomyxa) give off many buds at once.
(¢) Commoner, however, is the definite and orderly process
by which a unit divides into two—ordinary cell-division.
(d) Finally, if many divisions occur in rapid succession or
contemporaneously, and usually within a cyst enclosing the
parent cell, 7Z¢, in narrowly limited time and space, the
result is the formation of a considerable number of small
units or spores. Rupture, budding, division, and multiple
division or spore-formation are the methods by which the
Protozoa multiply. In the great majority of cases each
result of division is seen to include part of the parent
nucleus.

A many-celled animal multiplies in most cases by liberat-
ing reproductive cells—ova and spermatozoa—different
from those which make up the “body.” A Protozoon multi-
plies by dividing wholly into daughter cells. This difference
between Metazoa and Protozoa in their modes of multiplica-
tion is a consequence of the difference between multi-
cellular and unicellular life. Each part of a divided Pro-
tozoon is able to live on, and will itself divide after a time,
whereas the liberated spermatozoa and ova of a higher
animal die unless they unite.

By sexual reproduction, we usually mean (@) the liberation
of special reproductive cells from a “body,” and (4) the
fertilisation of ova by spermatozoa. It is obvious that
unicellular Protozoa can show nothing corresponding to
sexual reproduction in the first sense. Moreover, Pro-
tozoa can live on, dividing and multiplying, for prolonged
periods without the occurrence of anything like fertilisa-
tion.

So it i1s often stated as a characteristic of Protozoa that
“ they have no sexual reproduction.” But if this means that
the Protozoa have no special reproductive cells, then it is a
truism. As unicellular animals, they can have neither ova
nor organs. If, however, the statement mean that the Pro-
tozoa are without anything corresponding to fertilisation,
then it is not true. For in the majority of Protozoa, there
occurs at intervals a process of “ conjugation” in which two
individuals unite either permanently or temporarily. This
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is an incipiently sexual process ; it is the analogue of the
tertilisation of an ovum by a spermatozoon.

It is one of the recurrent phases in the life-history of
some of the simplest Protozoa (Proteomyxa and Mycetozoa,
see p. 108), that a number of amceboid units flow together
into a composite mass, which has been called a “ plasmod-
dum.”

It is known that more than two individual Gregarines
and other forms occasionally unite. To this the term
“ multiple conjugation ” has been applied.

Commonest, however, is the union of two apparently
similar individuals, either permanently so that the two fuse
into one, or temporarily so that an exchange of material is
effected. Permanent conjugation has been observed In
several Rhizopods, Infusorians, and Gregarines. Temporary
conjugation is well known in not a few ciliated Infusorians,
and it is possible that a curious end-to-end union established
between certain Gregarines is of the same nature.

Fourthly, there are some cases where one of the con-
jugating individuals is larger and less active than the other.
Thus in Vorticella, a small free-swimming form unites and
fuses completely with a stalked individual of normal size. To
call this *“ dimorphic conjugation ” is hardly necessary, since
it is evidently equivalent to the fertilisation of a passive
ovum by an active spermatozoon, one of the well-known
characteristics of reproduction in the Metazoa.

The conjugation of ciliated Infusorians, such as Parama-
ctum, has been studied with great care by Gruber, Maupas,
R. Hertwig, and others, and though their results are not
quite harmonious, the main facts are secure. In the ciliated
Infusorians there are two nuclear bodies, one large, the
other small. The smaller or micro-nucleus lies by the side of
the larger or macro-nucleus. The micro-nucleus divides into
parts, while the macro-nucleus degenerates. Two indivi-
dual Infusorians (A and B) lie side by side in close contact,
and a portion of the micro-nucleus of A passes into B, and
a portion of the micro-nucleus of B passes into A, or else
two portions of A and B simply come into very close
contact. An Interchange of some sort takes place, the
conjugating individuals separate, a new micro-nucleus and
a new macro-nucleus are established in each.
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That there is in these cases a mutual fertilisation of some
sort we cannot doubt. But the precise interpretation of
the process is to some extent a matter of mere opinion.
We may regard it as a mutual rejuvenescence, each unit
supplying some substances or qualities which the other
lacks ; or we may regard it rather as a process by which the
average character of the specles 1s sustained, peculiarities
or pathological variations of one individual being counter-
acted by other characters in the neighbour (apparently no
near relation) with which it conjugates. But the researches
of M. Maupas have thrown considerable light on the facts,
and some of his results I shall now summarise.

It has been often alleged that the subsequent dividing is
accelerated by conjugation; but Maupas finds that this is
by no means the case. The reverse in fact is true. While

a pair of Infusorians (Onychodromus grandis) were engaged

in conjugation, a single individual had, by ordinary asexual
division, given rise to a family of from forty thousand to
fifty thousand individuals. Moreover, the intense internal
change preparatory to fertilisation, and the general inertia
during subsequent reconstruction, not only involve loss of
time, but expose the Infusorians to great risk. Conjug-
ation seems to involve danger and death rather than to
conduce to multiplication and birth.

The riddle was, in part at least, solved by a long series of

careful observations. In November 1885, M. Maupas iso-
lated an infusorian (Stylonichia pustulata) and observed its
generations till March 1886. By that time there had been
two hundred and fifteen generations produced by ordinary
division, and since these lowly organisms do not conjugate
with near relatives, there had, of course, been no sexual
union.
What was the result ? At the date referred to, the family
was observed to have exhausted itself. The members
were being born old and debilitated. The asexual division
came to a standstill, and the powers of nutrition were
lost.

Meanwhile, before the generations had exhausted them-
selves, several of the individuals had been restored to their
natural conditions, where they conjugated with unrelated
forms of the same species. One of these was again isolated,

hy, BRI .
.
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and watched for five months. The usual number of suc-
cessive generations occurred. On to the one hundred and
thirtieth generation, members were removed at different
stages, and were observed to conjugate successfully with
unrelated forms. - But when the family began to draw near its
end, even removal to fresh conditions was without effect.
About the one hundred and eightieth generation, the
strange sight was seen of individuals of the same family
attempting to unite with one another. The results were,
however, zi/, and the conjugates did not even recover from
the effects of their forlorn hope.

Without the normal sexual union, then, the family becomes
senile. Powers of nutrition, division, and conjugation with
unrelated forms, come to a standstill. This senile degenera-
tion is very interesting. The first symptom i1s decrease In
size, which may go on till the individuals only measure a
quarter of their normal proportions. Various internal struct-
ures then degenerate, “ until at last we see formless abor-
tions, incapable of living and reproducing themselves.” The
nuclear changes are no less momentous. The more important
micro-nucleus may partially or completely atrophy, and con-
jugation is therefore sterile. The larger nucleus may also
become affected; ““the chromatin gradually disappearing.”
Physiologically, tDD the organisms become manifestly
weaker, though there 1s what M. Maupas calls a * surex-
citation sexuelle.” Such senile decay of the individuals and
of the isolated family inevitably ends in death.

The general conclusion is evident. Sexual union in those
infusorians, dangerous perhaps for the individual life, and a
loss of time so far as immediate multiplication is cnncern:.d
is absolutely necessary for the species. The life runs
in cycles of asexual division, which are strictly limited.
Conjugation with unrelated forms must occur, else the
whole life ebbs. Without it, the Protozoa, which some
have called “immortal,” die a natural death. Conjuga-
tion is the necessary condition of their eternal youth
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DIAGRAM 1V.
THE CLASSES OF PROTOZOA.

In the lowest line the life-cycle of Profomyxa is represented. The
median figure ( /.) is a plasmodium ; to the right is the encysted phase
(esze.), within which the protoplasm divides into many units or spores
(sp.). To the left the cyst bursts, liberating flagellate spores (/.), which
sink down into amceboid units (am.), from the coalescence of which a
plasmodium results. The phases of this life-cycle furnish the key to the
whole classification.

In the next line are examples of the three great divisions. In the
middle, is an Amaba (A.), with nucleus (7.), granules (g.), contractile
vacuoles (¢. z.) ; it is about to engulf a small particle of food (f@.). To
the right side, is a Gregarine with its substance divided by a partition (p.),
with a caducous cap (c.) at the anterior end. The next figure (.) to the
right is another Gregarinid, without a partition, but with numerous
transverse fibrils. To the left side, is the cup of Forticella (v.), showing
the anterior cilia, the curved nucleus (#.), the beginning of the stalk (sz.)
with its central axis. Further to the left is Paramacium, with macro-
nucleus (#2.) and micro-nucleus beside it, with mouth (#.) and food-
particles entering, with contractile vacuoles (¢. z.), with food-vacuoles
round the nutritive particles, with cilia {¢) on the surface.

Follow the median division upwards. The young Amada (ye.) grows
larger (gr.), divides into two (di@.). Conjugation (cony.) has been
observed. Encystation occurs (enc. ), and rejuvenescence (7¢. ) when the
cell escapes from its cyst.

Follow the history of a Gregarine. The young forms (yg.) are usually
intra-cellular parasites. Sometimes individuals unite in a strange end-
to-end fashion (conj. ?) ; sometimes two fuse and encyst (cony.). Within
the cyst (enc.) spores are formed (sp.), one or more in each of the many
spore-cases (sp. ¢.). The cyst bursts, the spore-cases open, the young
forms (yg.) may be slightly amceboid, as the topmost line suggests.

Follow the history of Forticella. It divides longitudinally (&%2.), and
the halves separate ; or one-half may divide into 8 minute units (#2:.).
A small individual conjugates with one of normal size (con7.). Encys-
tation (enc.) may occur, and the cup may free itself from its stalk (/).

The young Paramacium (yg.) grows (g».) and divides (d7z.). In
conjugation (cens.) the micro-nucleus divides into 8, the macro-nucleus
(left Light in this figure) degenerates. After conjugation and subsequent
separation (topmost figure) the nuclei are reconstructed.
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SpPECIAL TYPES.

Amaba—a type of Rhizopods, especially of those in which
the outflowing processes of living matter are blunt and finger-
like (Lobosa). _

Description.— Amaba protews and some other species are
found on the muddy bottom of ponds; A. ferricola occurs
in damp earth. Some are just large enough to be seen with
the unaided eye. They glide along the surface of stone or
plant by protruding and retracting blunt processes, and
their changefulness merits the old (1755) popular name of
‘““ Proteus animalcule.” The food, which consists of minute
Alge such as diatoms, or of vegetable débrs, 1s sur-
rounded by the finger-like processes, and engulfed along with
drops of water, which form food vacuoles in the cell-sub-
stance. Round the margin, which sometimes shows an
apparent radial striation, the cell-substance 1s firmer and
clearer than in the interior, where granules and débris often
obscure the normal clearness. A single nucleus lies in
the centre of the cell. Indigestible débris and waste par-
ticles are got rid of, by being left behind in the onward
flowing of the animal, and two contractile vacuoles seem to
aid in the excretion of the finer waste-products.

Life- Hisfory. — In favourable nutritive conditions, the
Amewba grows. At the limit of growth it reproduces by
dividing into two. In disadvantageous conditions, such as
drought, it may become encysted and lie dormant for a
while. The return of prosperity revives it, and it bursts
with renewed energy from the cyst. The permanent conju-
gation of two Amadbe has been observed, and it is said that
a mode of spore-formation occasionally occurs.

Laramacium—a type of Infusorians, especially of those
which are uniformly ciliated.

Description.—Specimens of Paramecium may be readily
and abundantly obtained, by leaving fragments of hay to
soak for a few days in a