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PREFACE.

TH18 book is designed to be used quite as much in the la-
boratory or with specimens in hand, as in the class-room. If
Zoology is to be studied as a mental discipline, or even if the
student desires simply to get at a genuine knowledge, at first
hand, of the structure of the leading types of animal life,
he must examine living animals, watch their movements and
habits, and finally dissect them, as well as study their mode
of growth before and after leaving the egg or the parent, as
the case may be. But the young student in a few weeks’
study in the laboratory cannot learn all the principles of the
science. Hence, he needs a teacher, a guide, or at least a
manual of instruction. This work is an expansion of a
course of lectures for college students, but has been pre-
- pared to suit the wants of the general reader who would ob-
tain some idea of the principles of the science as generally
accepted by advanced zoologists, in order that he may under-
stand the philosophical discussions and writings relating to
modern doctrines of biology, especially the law of evolution
and the relations between animals and their surroundings.

The book has been prepared, so far as possible, on the in-
ductive method. The student is presented first with the
facts; is led to a thorough study of a few typical forms,
taught to compare these with others, and finally led to the
principles or inductions growing out of the facts. He has
not been asssiled with a number of definitions or diagnoses
applicable to the entire group to which the type may belong
before he hsas learned something about the animals typical
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of the order or class ; but these are placed after a description
of one or a few examples of the group to which they may
belong. The simplest, most elementary forms are first no-
ticed, beginning with the Protozoa and ending with the Ver-
tebrates. In working up from the simplest forms to those
more complex, it is believed that this is the more logical and
philosophical method, and that in this way the beginner in the
science can better appreciate the gradual unfolding of the lines
of animal forms which converge toward his own species, the
flower and synthesis of organic life. Still the learner is ad-
vised to begin his work by a study of the first part of Chap-
ter VIII., on Vertebrates, and to master, with a specimen in
hand, the description of the frog, in order that he may have
a standard of comparison, a point of departure, from which
to survey the lower forms.

Particular attention has been given to the development of
animals, as this subject has been usually neglected in such
manuals. Some original matter is introduced into the book ;
a new classification of the Crustacea is proposed, the orders
being grouped into the subclasses Neocarida and Paleocar-
ida. Most of the anatomical descriptions and drawings
have been made expressly for this book, and here the author
wishes to acknowledge the essential aid rendered by Dr. C. S.
Minot, who has prepared the drawings and descriptions of
the fish, frog, snake, turtle, pigeon, and cat.

In compiling the book, the author has freely used the
larger works of Gegenbaur, Huxley, Peters and Carus, Claus,
Rolleston, and others, whose works are enumerated at the
end of the volume, and in many cases he has parauphrased
or even adopted the author’s langnage verbafim when it has
suited his purpose. Besides these general works many mon-
ographs and articles have been drawn upon.

In order to secure a greater accuracy of statement, and to
render the work more authoritative as & manual of Zoology,
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the author has submitted the manuscript of certain chapters
to naturalists distinguished by their special knowledge of
certain groups. The manuscript of the sponges has been
read by Professor A. Hyatt ; of the worms and Mollusca, by
Dr. Charles S. Minot; of the Echinoderms, by Mr. Walter
Faxon; of the Crustacea, by Mr. J. S. Kingsley. Proofs of the
part relating to the fishes have been revised by Professor T.
Gill, whose classification as given in his ‘‘ Arrangement of
the Families of Fishes,” has been closely followed, his defin-
itions having been adopted often word for word. The man-
uscript of the Batrachians and Reptiles has been read by
Professor E. D. Cope, whose classification, given in his
¢ Check-List of North American Batrachia and Reptilia,”
has been adopted. Proofs of the part on birds have been
read by Dr. Elliott Counes, U.S.A., whose admirable ¢ Key
to the Birds of North America” has been freely used, the
author’s words having been often adopted without quotation-
marks. Dr. Coues has also revised the proofs of the pages re-
ferring to the Mammals. To the friendly aid of all these
gentlemen the author is deeply indebted.

As to the illustrations, which have been liberally provided
by the publishers, a fair proportion are original. The full-
page engravings of the anatomy of the typical Vertebrates
have been drawn expressly for this work by Dr. C. 8. Minot;
a number have been prepared by Mr. J. 8. Kingsley ; Prof.
W. K. Brooks has kindly contributed the drawing of the
nervous system and otocyst of the clam, and a few of the
sketches are by the author. !

The publishers are indebted to Prof. F. V. Hayden
for illustrations kindly loaned from the Reports of the U.S.
Geological Survey of the Territories; a few have been
loaned by Prof. 8. F. Baird, U.S. Commissioner of Fish and
Fisheries, and the members of the U.S. Entomological Com-
mission ; a number have been loaned by the Peabody Acad-
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emy of Science, Salem, Mass.; by the publishers of the
American Naturalist, and by the Boston Society of Natural
History, while forty of the cuts of birds have been electro-
typed from the originals of Coues’ Key, and Tenney’s Zoology.

Measurements are usually given in the metric system ; in
such cases the approximate equivalent in inches and fractions
of an inch are added in parentheses.

Should this manual aid in the work of education, stimu-
late students to test the statements presented in it by person-
al observations, and thus elicit some degree of the inde-
pendence and self-reliance characteristic of the original in-
vestigator, and also lead them to entertain broad views in
biology, and to sympathize with the more advanced and
more natural ideas now taught by the leading biologists
of our time, the author will feel more than repaid.

BrowR UNIVERSITY,
Providence, R. 1., October 25, 1879,

PREFACE TO THE THIRD EDITION.

A NUMBER of changes have been made since the issue of
the second edition, consisting either of the correction of
errors, or the insertion of facts mew to science since the
book was written. Ryder’s order Symphyla is admitted as
asuborder of 7hysanura, and the views of Semper and Mose-
ley as to the formation of coral reefs are briefly referred to.
The author would be thankful for the communication of
additional errats, and for suggestions from teachers tending
towards the improvement of the book ; and here acknowl-
edges, with thanks, kind aid from several naturalists in
revising the second edition.

June, 1881.
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ZOOLOGY.

INTRODUCTION.

Definition of Zoology.—That science which treats of liv-
ing beings is called Biology (Bios, life ; Adyos, discourse).
1t is divided into Bofany, which relates to plants, and Zo-
ology {Swov, animal ; Adyos, discourse), the science treating
of animals.

It is difficult to define what an animal is as distinguished
from a plant, when we consider-the simplest forms of either
kingdom, for it is impossible to draw hard and fast lines in
nature. In defining the limits between the animal and
vegetable kingdoms, our ordinary conception of what a
plant or an animal is will be of little use in dealing with
the lowest forms of either kingdom. A horse, fish, or
worm differs from an elm tree, a lily, or a fern in having
organs of gight, of hearing, of smell, of locomotion, and
special organs of digestion, circulation, and respiration, but
these plants also take in and absorb food, have a circulation
of sap, respire through their leaves, and some plants are me-
chanically sensitive, while others are endowed with motion
—certain low plants such as diatoms, etc., having this
power. In plants, the assimilation of food goes on all over
the organism, the transfer of the sap is not confined to any
one portion or set of organs as such. It is always easy to
distingnish one of the higher plants from one of the higher
animals. But when we descend to animals like the sea-ane-
mones and coral-polyps which were called Zoophytes from
their general resemblance to flowers, go striking is the exter-
nal gimilarity between the two kinds of organisms that the
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early observers regarded them as ‘‘ animal flowers ;’” and in
consequence of the confused notions originally held in regard
to them the term Zoophytes has been perpetuated in works
on systematic zoology. Even at the present day the com-
pound Hydroids, such as the Sertularia, are gathered and
pressed as sea-mosses by many persons who are unobservant

* of their peculiarities, and unaware of the complicated anat-

omy of the little animals filling the different leaf-like cells.
Sponges until a very late day were regarded by our leading
zoologists as plants. The most accomplished naturalists,
however, find it impossible to separate by any definite lines
the lowest animals and plants. So-called plants, as Bacte-
rium, and so-called animals, as Profamaba, or certain mo-
nads, which are simple specks of protoplasm, without gen-
uine organs, may be referred to ecither kingdom ; and, in-
deed, 3 number of naturalists, notably Haeckel, relegate
to a neutral kingdom (the Proéista) certain low-
est plants and animals. Even the germs (zo-
ospores) of monads like Uvella (Fig. 1), and those
of other flagellate infusoria, may be mistaken
for the spores of plants ; indeed, the active fla-
Fig. 1.—Uvel. ge]lat‘ed spores of plants were described as in-
la.a flageliste fugoria by Ehrenberg ; and there are certain so-

monag. with called fiagellate infusoria so much like low

e tThed plants (such as the red snow, or Profococcus),
3?&1}’ l,:..'gi in the form, deportment, mode of reproduc-
pified. tion, and appearance of the spores, that even
now it is possible that certain organisms placed among them
are plants. It is only by a study of the connecting links
between these lowest organisms leading up to what are un-
doubted animals or plants that we are enabled to refer these
beings to their proper kingdom.

As a rule, plants have no special organs of digestion or
circnlation, and nothing approaching to a nervous system.
Most plants absorb inorganic food, such as carbonic acid
gus, water, nitrate of ammonia, and some phosphatcs, silica,
etc. ; all of these substances being taken up in minute quan-
tities. . Low fungi live on dead animal matter, and promote
the process of putrefaction and decay, but the food of these
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organisms is inorganic particles. The slime-moulds called

Myzomycetes, however, envelop the plant or low animals, -
much as an Ameba throws itself around some living plant

and abeorbs its protoplasm ; but Myzromycetes, in their man-

ner of taking food, are an exception to other moulds. The

lowest animals swallow other living animals whole or in

pieces ; certain forms like Amaeba (Fig. 2) bore into minute

slge and absorb their pro-
toplasm ; others engulf sili-
cious-shelled plants (diatoms)
absorbing their protoplasm,
No animal swallows silica,
lime, ammonia, or any of
the phosphates as food. On
the other hand, plants manu- gt —Amebe. s Profosoen. Theright:
factur-e or produce from in- T8t wdeLln the e wnin e ody
organic matter starch, sugar mase.

and nitrogenous substances which constitute the food of
animals. During assimilation, plants absorb carbonic acid,
and in sunlight exhale oxygen ; during growth and work
they, like animals, consume oxygen and exhale carbonic acid.

Animals move and have special organs of locomotion ;
few plants move, though some climb, and minute forms
have thread-like processes or vibratile lashes (cilia) resem-
bling the flagella of monads, and flowers open and shut, but
these motions of the higher plants are purely mechanical,
and not performed by special organs controlled by nerves.
The mode of reproduction of plants and animals, however,
is fandamentally identical, and in this respect the two king-
doms unite more closely than in any other. Flants also,
like animals, are formed of cells, the latter in the higher
forms combined into tissues.

As the lowest plants and animals are scarcely distinguish-
sble, it is probable that plants and animals first appeared
contemporaneously ; and while plants are generally said
to form the basis of animal life, this is only partially true;
s large number of fungi are dependent on decaying animal
matter; and most of the Profozoa live on animal food, as
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do a large proportion of the higher animals. The two
kingdoms supplement each other, are mutually dependent,
and probably appeared simultaneously in the beginning of
things. It should be observed, however, that the animal
kingdom overtops the vegetable kingdom, culminating in
man.

In speaking as we have of low animals and high animals,
We are comparing very unequal quantities; the distance be-
tween monad and man is well-nigh infinite. But there is a
series or chain, sometimes broken and often with lost links,
connecting the extremes ; and as there are wide differences
in form, so there are great extremes in the organs and de-
gree of complication of function of the simple as compared
with the more complex forms. The improvised stomach of
an Amaeba is not comparable with the stomach of an hydra,
nor is the stomach of the latter creature with that of a
horse ; there is a gradual perfection and elaboration or spe-
cialization of the stomach as we ascend in the animal series.
So it is with organs of locomotion ; the pseudopods and cilia
of the Protozoans are replaced in the star-fishes and worms
by hollow tentacles or various fleshy soft appendages; in
crabs and insects by stiff, jointed limbs, with different lev-
erage systems; and these are replaced in vertcbrates by
genuine limbs supported by bones. A comparative view of
the origin and structure of organs succeeds in this book the
systematic account of the animals themselves.

We thus see that the organs of the higher animals are
merely modifications of organs often having the same
general functions as in the lower animals; the lower or
simpler have preceded in geological history the higher or
more specialized forms, and thus we are, in ascending the
animal series, going from the simple to the complex. For
this reason the plan of this work has been to lead the stu-
dent from the simpler forms of animal life to the more
complex ; and though the vertebrate animals, such as fishes
and dogs, arc more familiar and interesting to us, the seri-
ous student of zoology will feel that it is more logical and
better ir the end to study the animal world in the order in
which the different forms have appeared—as we believe,
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through the orderly operations of physical and biological
laws, under the guidance of an Infinite Intelligence—a
Creator whose modes of working are revealed to us’in what
we call the laws or processes of nature.

Zoology is subdivided thus :

i Morphology or gross Anatomy, and minute
Anatomy (Histology).
Physiology and Psychology.
Zoology. { Reproduction and Embryology.
Systematic Zoology or Classification.
Palzontology.
Zoogeography.

Morphology.—In order to properly understand Zoology,
one should first study Morphology—i.e., the general struc-
ture of animals. The student should first thoroughly ac-
quaint himself with the anatomy of a vertebrate animal,
such as a frog, as compared with that of a toad or salaman-
der. The examination and comparison of the organs of
animals belonging to distinct groups, is called Comparative
Anatomy. The study of Morphology also includes the rela-
tion of the different organs to one another, and of all to the
walls of the body. Finally, we need also to study the com-
position of the tissues of the different organs ; each kind of
tissue being formed of different kinds of elements or cells.
This department of Comparative Anatomy is called Histol-
ogy (Greek, fords, web or tissue ; Adyos, discourse). It
treats of the cell, and the combination of cells into germ-
layers, tissues, and organs.

The Cell.—The primary elements of the bodies of animals
are called cells. They are microscopic portions of proto-
plasm either with or without a wall. Protoplasm largely
consists of protein, which is a8 complex compound of car-
bon, hydrogen, oxygen, and nitrogen, aseociated with a large
proportion of water. Cells are originally more or less
spherical sacs, and the protoplasm forming the cell-mass is
the dynamic part of the cell. The protoplasm of animal as
well ag vegetable cells, the protoplasm of eggs and of the
cells forming the different tissuos of the animal body, as
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well as the entire Ameba or monad, is all alike, being per-
fectly homogeneous to the chemist or microscopist of our
day. Yet potentially the protoplasm of different cells exerts
widely different forces and capabilities. ~An egg-cell be-
comes a man, whose brain-cells are the medium of the intel-
lectual power which enables him to write the history of
his own species, and to be the historian of the forms of life
which stand below him. The cell is the morphological .
unit of the organic world. With cells the biologist can
in the imagination reconstruct the vegetable and animal
worlds.

The primitive form of a cell, when without a nucleus or
nucleolus, is called a cylode ; genuine cells have a nucleus,
the latter containing a nucleolus. Animals composed of but a
single cell, such as the Ameba or an Infusorian, are said to be
unicellular. Cells grow by absorbing cell-food—i.¢., by the
assimilation of matter from without, and this matter may be
in masses of considerable size when seen under the microscope.
Cells multiply by self-division. The egg-cell undergoes
division of the yolk into two, four,
eight, and afterward many cells; the
“cells thus formed become arranged into
= two layers or sets called germ-layers.
] The outer is called the ecfoderm and
"g‘:q* the inner the endoderm. A third germ-

layer arises between them, called the

Fig. 3—Germ of Sagitia mesoderm or middle germ-layer. From
gg‘,’;";{,‘:‘ ‘,o",',-n';."‘," oderm: these germ-layers, or cell-layers, the
cleated cells, tiasues of the body are formed, such as
muscle, bone, nerve, and glandular tissue. These tissues
form organs, hence animals (as well as plants) are called or-
ganisms, because they have certain parts formed of a partic-
ular kind of tissue set apart for the performance of a special
sort of work or physiological labor. This separation of
parts for particular or special functions is called differentia-
tion ; and the highest animals are those whose bodies are
most differentiated, while the lowest are those whose bodies
are least differentiated ; hence Aigh animals are specialized,
and, on the other hand, low animals are simple. Thus dif-
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ferentiation of organs involves the division of physiological
labor.

Tissues.—Of the different kinds of txssues there is, first,
epithelial tissue (Fig. 4) consisting of cells with a nucleus and
nucleolus, and placed side by side, forming a layer. All the
organs develop originally from epithelium, which is the prim-
itive cell-structure and forms the tissues of the germ-layers.
Epithelial cells form the skin of animals, and also the lining
of the digestive canal. The cells of the latter may, as in
sponges, bear a general resemblance to a flagellate infuso-

» A"'..c.\g
."&"A’ S

% .—Vertical section through the skin of an embryonic shark, showing at X the
&! l}':lucells. forming pavement epithelium ; and at e, columnar eplthelinm —After
nbaur. .

rian, as Codosiga, or they may each bear many hairs, called
cilia, which by their constant motion maintain currents of
the fluids passing over the surface of the epithelium. The
tissue forming glands is simply modified epithelium.
Connective tissue is formed by isolated rounded or elon-
gated cells with wide spaces between them filled with a ge-
latinous fluid or protoplasm, and occurs between muscles,
ete. This tissue forms in the vertebrates the ¢ notochord *’
—i.e., a rod supporting the bodies of vertebrate embryos.
Gelatinous tissue is a variety of connzctive tissne found in
the umbrella of jelly-fishes (Aurelia, ete.). Fibrous and
elastic tissue are also varieties of connective tissue.
Cartilaginous tissue is characterized by cells situated in a
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still firmer intercellular substance ; and when the intercel-
lular substance becomes combined with salts of lime form-
ing bone, we have bony tissue.

The blood-corpuscles originate from the mesoderm as
independent cells floating in the circulating fluid, the blood-
cells being formed contemporaneously with the walls of the
vessels enclosing the blood. In the invertebrates the blood-
cells are either strikingly like the Am@ba in appesrance, or

i = are oval, but still capable of

'-'f'a‘fﬁl’-";F,"-l‘ - " = "‘* changing their form. Thus blood-

corpuscles arise like other tissues,

of WD Sirinted muscular fbrilla (f;xcept that the blood-cclls are
ree.

Muscular tiszue is also composed of cells, which are at
first nucleated and afterward lose their nuclei. From being
at first oval, the cells finally become elongated and more or
less spindle-shaped, forming fibres ; these unite into bundles
forming muscles. Each fibre is ensheathed in a membrane
called sarcolemma. Muscular fibres may be simple or striuted
(Fig. 5). The contractility of muscles is due to the con-
tractility of the protoplasm
originating in the cells forming
the fibres.

Nervous tissue is made up
of nerve-cells and fibres pro-
ceeding from them ; the for-
mer constituting the centres
of nervous force, and usually
mussed together, forming a
ganglion or nerve-centre from X
which nerve-fibres pass to the Fig.6—a ganglion in the clam, wits
periphery and extremities of PerYo* (¢ ¢. ) proceeding from it
the body, and serve as conductors of nerve-force (Fig. 6).

Organs and their Functions.—Having considered the
different kinds of cells and the tissues they form, we may
now consider the origin of organs and their functions. The
Protamabs may be considered as an organless being. In
Amaeba (Fig. 11) we first meet with a specialized portion of
the body, sct apart for the performance of a special function.
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Such is the nucleus ; so that Ammba is a genuine organism.
Ascending to the flagellate Infusoria (Fig. 1), we have the
flagella developed as external, permanent organs of locomo-
tion. In the Hydra (Fig. 36) the tentacles are organs
whose functions are generalized. Inthe worms we have or-
gang arranged in pairs on each side of the body, and in gen-
eral among the higher invertebrates, especially the crusta-
ceans and insects, and markedly in the vertebrates, we have
the bilateral symmetry of the body still farther emphasized
in the nature and distribution of the appendages.

Of the internal organs of the body, the most important is
the digestive cavity, which is at first simple and primitive in
the gastrula or embryo of all many-celled animals, and as we
ascend in the animal series we witness its gradual special-
ization, the digestive tract being differentiated into dis-
tinct portions (i.e., the esophagus, stomach, and intestine),
each with separate functions and with organs of respiration,
digestion, secretion, and excretion set apart as offshoots or
outgrowths from the main alimentary tract. In like man-
ner the skeleton is at first simple and afterward is extended
into the different organs, the various parts of the ap-
pendicular skeleton corresponding to the increased flexi-
bility and diversified leverage power ; so that limbs become
subdivided into joints, and these joints still further subdi-
vided as we go from the points of attachment to the peri-
phery or extremities, as seen in the tendency to an irrelative
repetition of joints in the limbs and feelers of crustaceans
and insects, and the digits of the lower vertebrates.

Correlation of Organs.—Cuvier established this princi-
ple, showing that there is a close relation between the forms
of the hard and soft parts of the body, together with the
functions they perform, and the habits of the animal. For
example, in a cat, sharp teeth for eating flesh, sharp curved
claws for seizing smaller animals, and great muscular activ-
ity coexist with a stomach fitted for the digestion of animal
rather than vegetable food. So in the ox, broad grinding
teeth for triturating grass, cloven hoofs that give a broad
support in soft ground, and a several-chambered stomach
coexist with the habits and instincts of a ruminant. Thus
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the form of the teeth presupposes either a ruminant or carni-
vore. Hence this prime law of comparative anatomy led to
the establishment by Cuvier of the fundamental laws of
palzontology, by which the comparative anatomist is en-
abled to restore from isolated teeth or hones the probable
form of the original possessor. Of course the more perfect
the series of bones and teeth, or the more complete the re-
mains of insects or mollusks, the more perfect will be our
knowledge, and the less room will there be for error in re-
storing extinct animals.

Adaptation.—An organ with a certain normal use or
function may be adapted, in consequence of a change in the
habits of the animal, to another use than the original one.
To take an extreme case, the Anabas, or climbing fish, may
use its fins to aid it in ascending trees. On the other hand,
by disuse organs become aborted or rudimentary. The
tecth of the whalebone whale are rudimentary in the young,
and are replaced by whalebone, which is more useful to the
animal ; the eyes of the blind-fish are rudimentary, func-
tionless. Those of certain cave-insects are entirely wanting,
being lost through disuse, owing to a change of life from
the light, outer world to totally dark caverns, and the con-
sequent disuse of their eyes. Nature is economical. Every
thing that is not of use as a rule disappears. It would be a
waste of material to nourish and care for an organ in a cave-
animal, or a parasitic insect or crustacean, which would be
of no use to the animal. On the other hand, if the leg or
tail of a newt is snipped off by some rapacious fish, it
grows out again.

Moreover, the animal organism is far more pliable than is
generally supposed. Not only is nature continually repair-
ing wounds and waste, not only is the body being contin-
ually made over again, but certain animals undergo a
change of form, either generally or in particular parts. If
the environment is unchanged, the animal remains true to
ite species. The dogma of the invariability or stability of
species is a fallacy. Change the climate, moisture or dryness,
the nature of the soil ; introduce the natural enemies of the
animal or remove them ; destroy the balance of nature, in
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other words, and the organism changes. The plants and
animals of the mummies and monuments of Egypt are prob-
ably the same as those now living in that country, because
the climate and soil have remained the same.

The assemblages of life that have successively peopled the
sarface of the earth, and which are geological time-marks,
have probably become extinct because they could not adapt
themselves to more or less rapid oscillations of continents
and islands, to consequent changes of climate and the in-
coming of destructive typesof life. This probably accounts
for the origin, culmination, and extinction of different
types of life. The earth has been, and still is, in a state of
unstable equilibrium. Organic life has been and is even
now, in a degree, being constantly readjusted in harmony
with these changes of the earth’s surface and climate. Thus
this adaptation of organs to their uses, of animals to their
environment, the laws controlling the origination of new
forms of life and the extinction of those which have acted
their part and are no longer of service in the economy of
nature, is part of the general course of nature, and evinces
the Infinite Wisdom and Intelligence pervading and contin-
ually operating in the universe.*

Coupled with variability is the law of inkeritance and
transmission of variable parts, and the habits thus induced
by the variation of parts. It should be observed that the
portions which vary most are the peripheral parts—i.e.,

fingers and toes, tentacles and antenne, the skin and scales
and hair ; it is by modifications and differences brought
sbout in those parts mest used by animals that the multi-
tudes of specific forms have resulted. There is, a8 Darwin
states, a general tendency of organisms to vary ; the laws
accounting for this tendency to vary have yet to be formu.-
lated ; though the attempts of Lamarck in this direction
laid the way for the discovery and application of the funda-

* That animals and plants are self-evolved, that the world has made
iteelf, and that all is the result of so-called physical and biological laws
operating from within outward, is as inconceivable as the medieval
dogma that animals and plants and the earth they inhabit were made
in the twinkling of an eye. See the concluding chapter on Evolution.
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mental laws of evolution. On the other hand, pure Dar-
winism—yviz., natural selection—accounts rather for the
preservation than the origination of the forms of life.

Analogy and Homology.—When we study the Inverte-
brates alone we see that it is often easy to trace a general
identity in form between the more important parts. The
parts of the sting of a bee are originally like the feet or jaws
of this insect, though the functions of these parts may be
quite unlike ; these are therefore examples of a general
identity in structure or homology between two organs. A
closer homology implies a more apparent identity of form,
as seen in the resemblance in structnre of the fore-limbs of
a whale and a seal, or the pectoral fins of fishes and the
arms of man, or the wing of a bird and the human arm.

Analogy implies a dissimilarity of structure of two organs
with identity in use, as the wing of an insect and of a bird ;
the leg of an insect and the leg of a frog; the gill of a
worm and the gill of a fish.

Homology implies blood-relationship ; analogy repudiates
any common origin of the organs, however physiologically
alike. The most general homologies are those existing in
organs belonging to animals of different branches ; the most
special between those of the same orders and minor groups.
Thus it is fundamentally a question of near or remote con-
sanguinity.

Physiology treats of the mode in which organs do their
work ; or, in other words, of the functions of different or-
gans. Thus the hand grasps, the finsof a fish are its swim-
ming organs ; the function of the nose is to smell, of the
liver to secrete bile, of the ovary to secrete protoplasm
which forms eggs.

Psychology is the study of the instincts and reasoning
powers of animals; how they act when certain parts are
irritated ; so that while this term is generally applied to
man alone, Comparative Psychology deals both with the
simplest automatic acts and the whole series of psychic pro-
cesses—from those exercised by the Protozoans, such as
Amaba, up to the complicated instinotive and rational acts
of man.
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Reproduction.—The simplest form of reproduction is
cell-divigion, one cell budding or separating from another.
This mode of growth is called self-division or fission.
Where one cell separates from another, the separating part
being smaller than the original cell, or where a number of
cells separate or bud out from a many-celled animal, such as
a Hydra, the process is called gemmation. A third mode of
reproduction is sexual, the sperm-cell of the male coalescing
with the nucleus of the egg ; the commingling of the pro-
toplasm of the two nuclei resulting in a series of events
leading to the formation of a germ or embryo.

Embryology is, strictly speaking, a study of the develop-

ment of animals from the beginning of life of the egg up to
the time the animal leaves the egg or the body of the parent
—namely, up to the time when it begins to shift for itself ;
but the term embryology may also be applied to the grow-
ing animal from the egg to the adult condition. Many of
the lower animals undergo a mefamorphosis, suddenly as-
suming changes in form, accompanied by changes in habits
and surroundings ; so that at different times it is, so to
speak, a different animal. For example, the caterpillar
lives on solid food, crawls on the ground, and has a worm-
like form ; it changes to a chrysalis or pupa, lying quies-
cent, taking no food ; then it changes to a butterfly and
flies in the air, either taking no food or sipping the nectar
of flowers : in all these three stages it is virtually different
animals with different surroundings. Many animals besides
insects have a metamorphosis, and their young are called
larvee ; thus there are larval polyps, larval star-fish, larval
worms—these larve often differing remarkably in form,
liabits, and in their environment or surroundings, as com-
pared with the mature or adult forms.

Classification.—After thoroughly studying a single ani-

mal, its external form, how it acts when alive, its external
and internal anatomy after death, and the development of
other individuals of its own species, the student is then ready
to study the classification of animals.

The best method of studying classification, or Systematic

Zoology, is to make an exhaustive examination of one an-
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imal, and then to stads m the same thorough manner an
allied form, and. finally, to compare the two. For example,
take a froz and compare it with a toad, and then with a
newt, or 2 land salamander ; thus. by a study of the different
types of Batrachians, one may arrive at a knowledge of the
sffinities of the different species of the class. The methods
of research are, then, néserration and comparison. The
best and most philosophic observers are those who compare
most. Then, paasing on to other animals, the student will
place in one group animals that are alike. He will find that
many agree in certain general characters common to all
He will thus form them into classes. and those that agree in
less general characters into orders, and so on until those
agreeing in still less important characteristics may be placed
in categories or groups termed families, genera and species,
varieties and races. For example, the cat belongs to the
following groups :
Kingdom of Animals ;
Bub-kingdom, or branch, Vertebrates ;
Class, Mammalia ;

Order, Carnivora ;

Family, Felide ;

Genus, Felis ;

Species, Felis domesticus Linnseus ;
Variety, Angorensis.

But these different groups are insufficient to represent the
almost endless relationships and series called the System of
Nuture, which our classifications attempt to represent.
Hence we have sub-species, sub-genera, sub-families and
super-faumilies, sub-orders and super-orders, and sub-classes
and super-classes, and the different assemblages may be
grouped into series of orders, families, etc.

The relations of the members of these different groups
may be represented in the same manner as the genealogi-
cal tree of the historian, or like a tree, with its trunk
wnd branches and twigs ; or on a plane by a cross-section
through the tree, the different groups or ends of the
branches resembling s constellation, and embodying one’s
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idea of the complicated relations between animals of differ-
ent groups.

The Animal Kingdom may be divided primarily into
two series of branches ; those for the most part composed
of a single cell, represented by a single branch, the Profo-
z0a, and those whose bodies are composed of many cells
(Metazoa), the cells arranged in three fundamental cell-
layers—rviz., the ecfoderm, mesoderm, and endoderm. The
series of Metazoa comprises the seven higher branches—i.e.,
the Porifera, Cmlenterata, Echinodermata, Vermes, Mol-
lusca, Arthropoda, and Vertebrata. Their approximate
relationships may be provisionally expressed by the follow-
ing
TABULAR VIEW oF THE E1enT BRANCHES oF THE ANIMAL KiNaDOM.

VIIL Vertebrata.
Fishes to Man.

VIL Arlb

Crust

, V1. Mollusca.
Clams, 8nails, Cuttles.

Fiat and Xoinzw s, Pol
Bmmmupdm
I

|

Crinoids, Starfish, etc.
T Srterata.
ydra, Y- II. Hﬂfm
" ! Sponges. -
| |
|

METAZO
Many-celled animals, with 8 cell-layers,

1. ProTozoA.
Bingle-celled animals,

It should be understood by the student that the classifi-
cation presented in this book is a provisional one, bused on
our present knowledge of the structure of the leading types
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of the animal kingdom, and may be regarded as rudely in-
dicating the blood-relationship or pedigree of animals. It
differs in some important respects from the classifications
given in the hooks ordinarily in use by American students.
It iz & question whether the Twunicata should not form a
ninth branch, and stand next below the Vertebrates.

Some authors retain the four types of Cuvier, but it
shounld be remembered that since Cuvier’s clasgification was
proposed in 1812 our knowledge has been greatly extended.
The microscope has revealed an immense mass of new mi-
croscopic forms, and many facts regarding the structure and
development of the larger forms. The embranchments of
Cuvier are in all cases, except the Vertebrates, unwieldy, het-
erogeneous, and, in the light of our present knowledge, un-
natural assemblages of animals. New discoveries do away
with old systems, and the classifications adopted by differ-
ent authors represent the standpoint from which they re-
gard the system of nature. Itisnot of so much consequence
to the student to know what the system may be, as to learn
the leading facts of animal morphology and development.

Paleontology.—With a thorough knowledge of the anat-
omy of animals and their classification, the student is pre-
pared to study the remains of extinct animals, to restore so
far as possible their forms, and to classify them. With a
knowledge of the hard parts of existing animals, and of the
interaction of the tendons, ligaments, muscles, and bones,
the paleontologist can, in accordance with the law of cor-
relation of parts, refer fossils to their respective orders,
families, genera, or species.

Zoogeography, or geographical distribution, is the study
of the laws of distribution of animals over the surface of
the earth or over the bottom of the sea. The assemblage
of animals inhabiting any area is called a fauna. Thus we
have an arctic fauna, a tropical fauna, a North American
fauna, or Australian fauna. The fauna of the ocean is sub-
divided into different subordinate faunse.



CHAPTER 1.

BRANCH I.—PROTOZOA.

General Characters of Protozoans.—We can imagine no
more elementary forms of life than certain members of this
branch, whose bodies in the simplest forms are merely
masses of albumen, without any distinct permanent organs,
or portions set apart for the performance of any special
fanction. Yet the primary acts of animal life, such as tak-
ing food, its digestion and assimilation, and reproduction,
are carried on as effectively by these lowest as by the high-
est forms. The simplest Protozoans are like minute drops
of protoplasm or albumen, having a gliding motion, and
constantly changing their forms, throwing out temporarily
root-like projections called
pseudopodia, which serve to
gather food-particles. Fig.
7 illustrates a typical Proto-
wan. It is the common
Ameba of standing water.
Most Protozoans are provid-
ed with a central organ or
nucleus, which corresponds
to the reproductive organs of the many-celled animals.
The Protozoa are one-celled in distinction from all other
animals, from the sponges to man, which are many-celled,
though it is claimed that a few shelled forms (Rhizopods) are
composed of several indistinct cells. Thus a Protozoan cor-
responds to an egg or to any one of the cells composing the
bodies of higher animals. They may be naked, asin Prota-
meba or Amamba, or may secrete a silicious or calcareous
shell. The Infusoria, forming the highest class, are quite
complicated, with permanent cilia, 8 mouth, throat, repro-

Fig. 7. —Amceha, the nucleur not shown.
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duective nucleus, and several contractile vesicles, rudely an-
ticipating the heart of higher animals. Protozoans repro-
duce by self-division and the formation of motile germsa
(zoospores), and in the Infusoria of ciliated young. There
is thus a great range of forms leading from the most primi-
tive type (Protamwba) to the most specialized forms, such
as the bell animaloule ( Vorticella.)

Crass I.—MoNERA (Moners).

General Characters of Moners.—This group comprises
the simplest forms of Protozoans, whence the name Monsra
(uovnpes, simple). The lowest forms are almost identical
in appearance with the lowest plants, and they can only

Fig. 8.—Protomonas amyli, greatly magnified. A, when encysted; x, germs or zo-
ospores ; v, food-mass. B, germ freed from the parent-cyst. ¢, D, older %crms. E,
adult encysted ; g, food ; &, projection inward of the cell-wall ; z, wall of the cyst; ¢,
germs.—After Glenkowski.

be claimed to be animals from their resemblance to higher
forms léading to 4meba, which, in turn, is connected by a
series of forms leading to undoubted animals, such as the
shelled Rhizopods (Fig. 14).

The Monera differ from the Rhizopods (Amamba, ete.) in
wanting a nucleus and contractile vesicles. Their body-
substance is homogeneous throughout, not divided into a
tenacious outer and softer inner mass, as in Amaba. They
move by the contraction of the body, and the irregular pro-
trusion of portions of the body forming either simple pro-
cesses (pseudopodia) or a network of gelatinous threads.
The food, as some diatom, desmid, or protozoan, is swallowed
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whole, being surrounded and engulfed by the body, and the
protoplasmic matter is then absorbed, serving for the nour-
ishment and growth of the Moner.

The simplest form known, and supposed to be really a living
being, is Haeckel’s Profamemba. 1t may best be described
by stating that it is like an Amaba, but without a nucleus
and vacuoles (or little cavities). It reproduces by simple
self-division,, much as in 4mamba (Fig. 11).

In Protomonas the body is very changeable in form, the
pseudopods often being very slender, thread-like. Fig. 8,
A represents this Moner during the formation of the young
wwospores) in the cyst-like body, or resting-stage of the
creature ; B, one of these germs freed from the cyst and
capable of moving about by the two thread-like pseundopo-
dia; ¢ D, the Ameba-like form which the young after-
ward assumes, and which at maturity passes into the en-
cysted or.resting-stage Z.

A still better idea of what a Moner is may be seen by
studying the Protomyza aurantiaca Haeckel.

This Moner was discovered at the Canary Islands. It is
from half to one millimetre in diameter, and is a perfectly
simple mass of orange-red jelly. When hungry numerous
root-ghaped threads (pseudopodia) radiate from the central
mass, Fig. 9, & represents the Profomyza after having
absorbed into its body-mass a number of shelled Infusoria.
When about to become encysted (A4 B) it rejects the shell
of its vietims, retracts its false feet, and soon becomes fast-
ened as minute red balls to the surface of some dead shell.

The ball becomes enclosed by a thick covering (4), and
then the contents become divided into several hundred small,
round, thoroughly structureless spheres, which become germs
(B). The germs finally burst through the cyst-wall, as in
C, a, ¢, d, and assume various monad-like and amoeboid
shapes, and finally attain, by simple additions of the proto-
plasm of its food (dfatoms and infusoria), the adult form

\DE). Other Moners exist in fresh water.

We have been dealing with the simplest living forms, be-
ings showing no trace of organization, much lower and
simpler than the Ammba, with its nuclens. The individual
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Moner—for example, Protammba—is simply a speck or drop
of transparent, often colorless, viscid fluid, scarcely of more
consistency than, and in all apparent physical characters
identical with, the white of ahen’s egg. And yet this drop
of protoplasm has the power of absorbing the protoplasm of
other living beings, and thus of increasing in size—i.e.,
growing ; and in taking its food makes various movements,
one or more parts of its body being more movable than

aurantiaca. A, encysted. B, cyst filled with

ly germs. C, germs
Iasnlng from the cyst. D, a you Protom X8 swullowing a diatom (@).
& t after enclosing or nuuawlng sev: —After Haeckel.

others, the faculty of motion thus being for the moment
specialized ; it has apparently the power of selecting one
kind of food in preference to another, snd finally, of repro-
ducing its kind by a process not only of simple self-division,
but also of germ-production. In short, we may say of the
Moner what Foster says of the Ammba—rviz., (1) it is con-
tractile ; (2) it is irritable and automatic ; (3) itis receptive
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and assimilative ; (4) it is metabolic and secretory in the
sense that the Moner digesis and separates the portions
necessary for food from those which it rejects as waste ; (5)
it is respsrafory, the changes involved in taking food, es-
pecially oxygen, causing the production of and excretion of
carbonic acid ; (6) it is reproductive.

It is difficult to conceive of a simpler form of life than
Protamasba or Protomonas. Are the Moners animals or
plants, or do they represent a neutral division or group of
forms ? It was formerly thought that Ammba was the sim-
plest possible form of life, but we shall see that that animal
is an undounbted organism, possessing a permanent organ,
the nuecleus. Moreover, the Ammba intergrades with the
other Rhizopods which are undoubted animals, while the
simplest Monera have no characters which absolutely sepa-
rate them on the one hand from the plants or on the other
from the animals. Their relation to the plants is seen in
the fact that, besides the resemblance to the lowest plants,
the eyst of Profomonas is composed of cellulose, while the
granular contents of the body become colored with chlo-
vophyll. *

For these reasons, Haeckel, the discoverer of the Monera,
regards them as neutral beings, neither plants nor animals.
But by comparison with other Profozoa, we shall see that
the Monera only differ from the monads and Amaebea by the
absence of a nuclens. This may yet be found to occur in
the Monera, and from this fact we separate the group only
provisionally from the Rhizopoda. The Gregarina also pass

throngh a true Moner-stage. This indicates that the
HMonera are allied rather to animals than plants. Another
point of difference from plants is the fact that, like the
Amamba, they engulf living plants (desmids, etc.) and ani-
mals (Infusoria), the only plants known to do this being the
singular Myzomycetes, whose position is uncertain, some
naturalists (Allman) regarding it as an animal.

It is probable that the Monera were the earliest beings to

® On the other hand, cellulose occurs in the integument of Tunicates,

and various parts of Articulates and Vertebrates, while chlorophyll
occurs in the Infusoria and Hydra.
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appear, and that from forms resembling them all other organ-
isms have originated. We can conceive at least of no simpler
ancestral form; and if organized beings were originally pro-
duced from the chemical elements which form protoplasm,
one would be naturally led to suppose that the earliest form
was like Protamabda. 1t would follow from this fact that the
Monera are as low as any plants, and that animals appeared
contemporaneously with plants.

Having studied a few typical forms of Monera, we are
prepared to briefly define the group and tabulate the sub-
divisions of the class.

Crass I.—MONERA HAECEKEL.

Beings consisting of transparent protoplasm, containing granules, some-

times forming a net-work, but with no nucleus® or contractile eacuole ;

capable of automatically throwing out pseudopodia, and reproducing by

simple self-division of the body-mass snlo (wo tndsviduals, or by division

tnto a number of germ-liks or sporelike young, which sncreass sn siss by

absorption of the protoplasm of other organisme.

Group 1. Gymnomonera, comprising the genera Protamceba, Protogenes,
and Myxodictyum, which do not become encysted.

Group 2. Lepomonera, which become encysted and protected by s
case, as in the genera Protomonas, Protomyxa, Vampy-
rella, and Myxastrum.

Crass II.—RR1zoropA (Root Animalcules).

General Characters of Rhizopods.—An idea of the form
and internal structure of this group can be obtained by a
stady of Amamba, which may be found sliding over the sur-
face of the leaves of plants growing in pools or ponds of
fresh water. Our common Amamba has been studied by
H. J. Clark. Fig. 10 represents this animal in the three
more usual forms which it assumes. From time to time
the sides of its body project either in the form of simple
bulgings, or suddenly it throws out foot-like projections

# Should a nucleus be found hereafter to occur in the Monera, the
group should be merged into the Rhizopoda, and placed next to
Amada.
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(peadopodia) from various parts of the body, as if it
vere falling apart ; then it retracts these transparent feet
and becomes perfectly smooth and rounded, resembling a
drop of slimy, mucous mat-
ter. The body-mass is di-
vided into a clear cortical and
s medullary, granular mass;
the outer highly contractile,
the inner granular portion
acting virtually as a stock of '
food These granules, like oG X s e Sl man fors: b
the grains of chlorophyll in g% oo 2 » the brosd, a1 preadopodie ;
vegetable cells and in dia- o of the the grasales. —After Clark.
toms and desmids, circulate in regular, fixed currents, the
arrows in the figure indicating the course of the circulating
food. The act of circulation is probably assisted by a con-
tractile vesicle ‘or
vacuole)  usually
present. There is
besides a distinct
organ always pres-
ent, the nucleus (see
Fig. 11), so that the
Ameba earns the
right to be called
an organism. Its
food consists of one-
celled alge, diatoms,
desmids, zoospores,
and portions of fila-
mentous alge, and it
Ppossesses the power
fivision, ©f discrimination in
b ) k‘ﬂ‘i resting stage; &ld'zu:tdlm taking its food. The
4, body, nuclens: C, Amebe
amul D. ",mmu-—nd Amcebahasthepov-
Afier Hacckel er of moving in par-
ticnlsr directions, streiching a millimetre in length ; it
wlects appropriate food, and can engulf or swallow, digest
and distribute the food thus absorbed to various portions of
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its body. The Ammba reproduces its kind by simple di-
vision, as seen in Amamba spherococcus Haeckel (Fig. 11).
This species, unlike others, o far as known, becomes encysted
(B), then breaks the cell-wall and becomes free as at 4.
Self-division then begins as at C, the nucleus doubling it-
self, until at D a and D b we have as the result two individ-
unals.

Order 1. Foraminifera.—Besides Amamba, several other
forms, either naked or shelled, produce, by division of an in-
ner portion of the body, numbers of ciliated young, as im
the naked Pelomyza, in certain many-chambered Fora-
minifera, and in Collospha-
ra. An example may be
seen in the European Pelo-
myza palustris Greef (Fig.
12). This creature lives in
the mud at the bottom of
fresh-water pools, and when
first seen resembles little
dark balls of mud a milli-
metre in diameter. Instead
of one nucleus, there are
numbers of them, and nu-
merous contractile vacuoles
confeal porttont b gisioma encloned’in ae filled with a fluid, together
frors the maclel. winich afiet leaviog e bt with spicules. The young
e e ienad like forms, C: g vucleuss gre at first amaeba-like (B),

originating as *‘shining
bodics,’”’ which have resulted from the self-division of the
nuclei. These amoba-like bodies finally assume an active,
monad-like stage C, and move about by means of a cilium
or lash.

We now come to the shelled Ammbs, or genuine Forami-
nifera. A common type is Arcella, which secretes a one-
chambered silicious shell, found in fresh water, and a
representative of the monothalamous, or one-chambered,
Foraminifera; while the many-chambered forms are
marine, of which (lobigerina bulloides (Fig. 13), found
floating on the surface of the ocean, with its pseudopodia
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thrown out in all directions, is a type ; Rofalia veneta (Fig.

14) is another example,

The Foraminifera are nucleated. Diplophrys multiplies

by a ‘¢ process of con-
tinmous  binary fis-
sion.””  Miliola gives
rise to small round,
gharply - defined bod-
ies, in calcareous
shells, with one turn,
but no inner walls,

and with pseudopo-

dia like those of the
adult. Microgromia so-
cialis multiplies by zo-
ospores, which are oval,
with two flagella; or,
in other cases, the

13.—A l"onmlnlf
Fig. ler.  Qlobigerina bulloides,

ters.—From Macallister.

young assume an actinophrys-like form, and move about by
the aid of three or four more or less branched pointed pseudo-

~ //

Wg. 14.—Rotalia. A Rhizopod, showing the pseudopodis.

pods (Hertwig).
In some forms,
as the fossil
2, Nummulites, the

/ chambers

numerous and
regular, the
shells being flat
and consisting
of eight coils sit-
uated in the
same plane. A
recent species ot
Foraminifer
found at Borneo
measures more
than two inches

in diameter, while a common form on the Florida reefs, de-
voured in large quantities by the Holothuria, or sea-cucum-
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ber, measures about one fifth of an inch in diameter. Most
of our native species are much more minute. The Eozoon,
so-called, is supposed by some to be a Foraminifer, but
others regard it as more probably inorganic, and simply a

Fig. 16.—Actino:{))\zzrlum. a, amor-
gel of food drawn into the cortical layer
b; ¢, central parenchymatons mass of
the body ; d, some balls of food-stuff in
the latter; e, pseundopodia of the cortical
lnycr.—A}ter Gegenbaur,

Fig. 15.—B, Collospheera spi-
nosa, with projecting conical
points, containing little sphe-
roids, which pass into monad-
like bodies €. D), probably an

early stage of 0. A4, a n{oung Fig. 17.—Heliophrys variabilis. A sun-
cAn}mule of 0. Huxleyi Miller.— animalcule, showing the peendopods,
ter Clenkowski, nuclei, and vacuoles.—From Macallister.

mineral. Undoubted Foraminifera occur in the Silurian
formation, while large masses of carboniferous and cre-
taceous rocks are formed by their shells.
Order 2. Radiolaria.—These Rhizopods have the general
ture of Amebm, but secrete beautiful silicious shells,
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of varied forms, more or less spherical, perforated for the
protrusion of the pseudopodia, with often spicules or points
radiating from the shell. They reproduce apparently by
self-division of the interior, resulting in a swarm of monad-
like young. The Heliozoa are represented by the fresh-
water A ctinophrys sol, which is round, with numerous stiff
peeudopodia radiating in all directions from the body, and
by Actinospherium (Fig. 16). The true marine Radiolaria
are represented by Collosphara spinosa Cienkowski (Fig. 15).
It possesses a perforated shell beset with small spines, which
encloses a capsule with a protoplasmic wall. In the capsule-
stage (4) it often divides by fission into two halves. After-
ward the older capsule divides into a number of little ronnd
bodies, which develop two lashes as in C.

Crass IL.—RHIZOPODA.

Unicellular organisms consisting of protoplasm, with an outer clear,
ecortical, and an tnner granular mass containing one or more nuclel, and
one or more contractile vacuoles ; moving by means of pseudopodia, and
cither naked or seoreting a one or many-chambered shell ; reproducing by
self-division, or by the production of several or many amaboid or monad-
like young.

Order 1. Foraminifera.—One-celled Rhizopods with one or many nuclei
and contractile vacuoles, secreting chambered calcareous or
horny (chitinous ), rarely arenaceous, shells. (Amaba,
Globigerina, Nummulina.)

Order 2. Radiolaria.—Rhizopods with pointed, branched, usually anas-
tomosing and granular pseudopodia. The body contains
either numerous small heterogeneous nuclei, or a single
larger, highly differentiated vesicular nucleus. The pro-
toplasm of. the body is further separated into a peripheral
non-nucleated and a central nucleated portion by a mem-
branous capsule with porous walls, Reproduction occurs
by the breaking up of the body into monad-like embryos,
with one or sometimés two locomotive lashes (flagella).
There are two divisions : (1) Heliozoa (Actinophrys, Actino-
spheerium), and (2) Radiolaria (ot Oytophora), having as rep-
resentatives Acanthometra, Collozottm, Sphsrozotim, and
Collospheera. .
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Crass III.—GREGARINIDA (Gregarines).

General Characters of Gregarinida.—The largest and
best known species of this group is an inmate of the
intestinal canal of the European lobster, and was named
by E. Van Beneden Gregarina gigantea (Fig. 18). It
is worm-like, remarkably slender, and is sixteen mil-

spheres enlarged. N, cyst fllled with d vloe 0.—After Lieberkuhn. g—l
enlarged. c ona —_ al

moner-like young of’ 'glq d stage. I, J, early nucleated
forms of mden.

limetres (over half an inch) in length, being the largest
one-celled animal known. In this organism an external,
structureless, perfectly transparent membrane with a double
contour can be distingnished. It represents the cell-wall
of the cells in the higher animals. Beneath this outer wall
is & continuous layer of contractile substance, forming a
true system of muscular fibrille comparable to that of the
Infusoria. The body-cavity of the Gregarina contains a
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viscid fluid holding in suspension rounded granules, among
vhich the nucleus rests. This nucleus contains an inner
resicle or nucleolus, which strangely disappears and then
reappears. Van Beneden distingnishes three kinds of mo-
tions in the Gregarin® : 1. They represent a very slow
movement of translation, in a straight line, and without the
possibility of distinguishing any contraction of the walls of
the body which could be comsidered as the cause of the
movement. It seems impossible to account for this kind of
motion. 2. The next kind of movement consists in the
lateral displacement of every part, taking place saddenly
and often very violently, from a more or less considerable
part of its body. Then the posterior part of the body may
be often seen to throw itself out laterally by a brusque and
inslantaneons movement, forming an angle with the anterior
pit. 8. Owing fo the contractions of the body, the gran-
ulés within the body move about.
he life-history of this Gregarina is as follows : It occurs
its normal state in lobstersin May, June, and August, but
iﬁmberbecomes encysted in the walls of the rectum of its
osft, the cysts (Fig. 18, A) appearing like little white grains
of the size of the head of a small pin. When thus encysted
¢ nuclens disappears, and the granular contents of the
ot divide into twenasses (B), like the beginning of the
wgmentation of the yolk of the higher animals. The next
4 i& not figured by Var Beneden, and we therefore intro-
dae some figures from Lieberkuhn which show how the
grannlar mass breaks up into spindle-shaped bodies (called
by some authors ‘‘ pseudonavicellee,”” and by Lieberkuhn
“ prorosperms’”) with hard shells. After the disappearance
of the nucleus and vesicle, and when the encysted portion
has become a homogeneous granular mass, this mass divides
into s number of rounded balls (Fig. 18, C). These balis
consist of fine granules, which are the spindle-ehaped bodies
in their first stage (Fig. 18, N). They then become
wpindle-shaped (O) and fill the cyst (Fig. 18, &), the balls
baving meanwhile disappeared. From these psorosperms -
wre expelled amceba-like masses of albumen (D £), which,
% Van Beneden remsarks, exactly resemble the Prolamabda
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already described. This moner-like being, without a
nucleus, is the young Gregarina.

But soon the Ameba characters arise. The moner-like
young (Fig. 18, D E F') now undergoes a further change. Its
outer portion becomes a thick layer of a brilliant, perfectly
homogeneous protoplasm, entirely free from granules, which
surrounds the central granular contents of the cytode
(Haeckel) or non-nucleated cell. This is the Ammba stage
of the young Gregarina, the body, a8 in the Amamba, con-
sisting of a clear, cortical, and granular
medullary or central portion.

The next step is the appearance of two
arm-like projections (Fig. 18, F'), com-
parable to the pseudopods of an Amamba.
One of these arms elongates, and, sepa-
rating, forms a perfect Gregarina. Soon
afterward the other arm elongates, ab-
sorbs the moner-like mass, and also be-
comes a perfect GreBarina. This elon-
gated stage is called a Pseudofilaria (Fig.
18, @); no nucleus has yet appeared.
In the next stage (Fig. 18, H n, nucleus)
ﬁ}:ﬁﬁﬂ;ﬁz the body is shorter and broader, and the

" 1 Pyounger state, BUcClens appears, while a number of gran-
;('g' *(‘;,’;4:)'; ke Ch‘;';‘d‘““' ules collect at one end, indicating a
plders <. anterlor end: b head. ~ After this the body shortens a
¢, huclgus.—Aftor Gegen' little more (I, J), and then attains the

elongated, worm-like form of the adult
Gregarina (K). Van Beneden thus sums up the phases of

growth :

The Moner phase.

The generating Cytode phase.

The Pseudofilaria phase.

The Protoplast (adult Gregarina).

The encysted Gregarina.

The sporogony phase (producing zoospores).

e

o

The Gregarine and Ameb® constitute Haeckel’s group
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of Protoplasta. Other Gregarins are very minute, and are
parasitic in insects (Fig. 19), etc., and vary greatly in form,
some being apparently segmented, while in a few forms the
body ends anteriorly in a sort of beak armed with recurved
horny spines. We are now prepared to adopt the following
definition of the class :

mm——

Crass III.—GREGARINIDA.

Ameba-like Protosoa, more or less elongated, with a determsnats cell-
wal, with a subcuticular system of muscular fibrille, with a nucleus, but no
contractile vacuole ; reproducing by encysting and subdsvision of the cen-
tral inass of the body, producing shelly peorosperms, from which escape the
moner-liks younyg, which undergo a metamorplosis into the usually worm-
shaped, parasitic adult (Gregarina).

Crass IV.—INFUSORIA,

These organisms can best be understood by studying rep-
resentatives of the three orders forming the class.
Order 1. Flagellata (Monads).—A familiar example of
monads, Oikomonas termo Clark, has been studied by H.
J. Clark. His description will suit our purpose of indi-
cating the form and habits of a typical flagellate animalcule.
1t somewhat resembles our figure of Uvella in its general
thape, being pear-shaped, faint olive in color, and provided
vith a vibratile locomotive lash or flagellum. In swimming,
the monad stretches out the flagellum, which vibrates with
an undulating, whirling motion, and produces a peculiar
graceful rolling motion. When the monad is fixed the fla-
gellum is used to convey food to the mouth, which lies be-
tween the base of the flagellum and beak, or ““lip.”” The
food is thrown by a sudden jerk, and with precision, directly
8gainst the mouth. “ If acceptable for food, the flagellum
Presses its base down upon the morsel, and at the same time
the lip is thrown back so as to disclose the mouth, and then
bent over the particle as it sinks into the latter. When the
liphas obtained a fair hold upon the food, the flagellum
vithdraws from its incumbent position and returns to its
former rigid, watchfnl condition. The process of deglnti,e\,f,.-
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tion is then carried on by the help of the lip alone, which
expands latterly until it
completely overlies the
particle. All this is done
quite rapidly, in a few sec-
onds, and then the food
glides quickly into the
depths of the body, and is
enveloped in a digestive
Fig. %0.—Monads (Todlla).—After Tuttle. .09, whilst the lip as-
sumes its usual conical shape and proportions.’” (Clark.)
All the monads have a contractile vésicle. In Monas
termo, Clark observes that it is ¢‘ so large
and conspicuous that its globular form
may be readily seen, even through the
greatest diameter of the body; and con-
tracts so vigorously and abruptly, at the
rate of six times a minute, that there
seems to be a quite sensible shock over
that side of the body in which it is em-
bedded.”” The contractile vesicle is
thought to represent the heart of the
higher animals. The reproductive organ
may possibly be represented in Monas
termo by a ‘‘very conspicuous, bright,
highly refracting, colorless vil-like globule
which is enclosed in a clear vesicle’ called
the nucleus. This and other monads live
either free or attached by a slender stalk.
As an example of the compound or aggre-
gated monads may be cited Uvella, prob-
ably glauconia of Ehrenberg. Other
forms, as Codosiga, are fixed by a stalk to
some object (Fig. 21, C. pulcherrimus
Clark). In this and allied forms the body M‘ o5l
is surmounted by a collar or calyx out of go fssion, i tns e i
which the flagellum projects. The Co- m,‘&m'mﬁn‘::
dosiga has been observed by Clark to un- **—After Clar
dergo flssion, two independent monads resulting, within the

". space of forty minutes.
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The first sign of fisgsion is a bulging out of the collar,
which becomes still more bell-shaped. The ﬂage]lum next
Then marks- of self-division appear in a nar-
row, slight furrow (Fig. 21, B, ), extending from the front
half way back along the mjddle of the body. Meanwhile
the collar, which had become conical, expands, and, most
siriking change of all, two new flagella appear. Then the
collar splits into two (Fig. 21,C), and svon the two new Codo-
sigee become perfected, when they split asander, and become
like the original Codosiga. Such is the usual mode of mul-
tiplication of the species in the monads,

A few monads have been observed to become encysted, and
to break up into excessively minute bodies, from which new
monads have grown. Two
lﬂiyidnnls of the same form ,,

: ) in certain stages
themselves together,
ger absorbing the
r as if conjugating,
mids, the compound
esulting becoming en-
(3 finally the contents
‘the eyst become divided

@ither large or minute kyr.“-nd ita xoouporea.” 8, style | n. wacks
(z00spores) which as- % Grestly magnified.—After wekd.
the parent form. The researches of Messrs. Dallinger
sdale on Dallingeria Drysdali prove that while
fure forms may be destroyed at a temperature of

the motile germs of this and five other species of Infu-
ed when heated in fluid to from 212° F. to 268° F.

W (Fig. 22) has been proved by Cienkowski to be
an enormons monad. It is a highly phosphorescent organ-
ism, so small as scarcely to be seen with the naked eye, be-
ing from } to 1 mm. (‘01 to ‘04 inch) in diameter. It occurs
in great numbers on the surface of the sea. It has a nearly
spherical jelly-like body, with a groove on one side from
which issunes a curved filament, used in locomotion. Near
the base of this filament is the mouth, having on one side a
tooth-like projection, Connecting with the mouth is an ces-
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ophagus which passes into the digestive cavity, in front of
which lies an oval nucleus. Beneath the outer skin or firm
membrane surrounding the body is a gelatinous layer, con-
taining numerous granules. A network of granular fibres
arises from the granular layer ; these fibres pass into the
middle of the body to the nucleus and digestive cavity. The
young (Fig. 22, n, 8) result from a division or segmentation
of the entire mass of the protoplasm of the body, forming
small oval bodies with a long lash. The zoospores are like
those of other Flagellata, and for this reason and the gen-
eral structure of the adult, Noctiluca is by the best author-
ities associated with the Flagellata. Noctiluca also under-
. goes conjugation, but the zoospores
appear whether conjugation has oc-
curred or not. The Noctiluca on the
coast of the United States has been
observed in abundance on the surface
of the sea in Portland harbor, by Mr.
E. Bicknell. It is phosphorescent,
but whether identical with Noctiluca
miliaris of the European seas is mnot
known. Leptodiscus medusoides Hert-
wig, is discoidal or medusiform in
Wi ity sk atioched 16 4 shsg.pe, the disk one and a half milli-
5-'&'}:& T ik oiman metres in diameter. When disturbed
Aiianer suckers.—From Mac 44 Ja1tg through the water by the con-
tractions of its umbrella-shaped body.

It is allied to Noctiluca and was discovered at Messina.

Peridinium is the type of a third and higher division of
monads, the body being protected by a hard shell, with one
or more flagella, and a row of cilia serving as a locomotive
apparatus, and thus, together with Heleromastiz and Dys-
teria, connecting the Flagellata with the Ciliala or true
Infusoria.

Order 2. Tentaculifera (Acinet®, Suctoria).—An Acineta
(Fig. 23) reminds us at first sight of a Radiolarian, since
the body is provided with filiform, tentacle-like processes
resembling the pseudopodia of a Radiolarian, but the tem-
tacles are in reality rather stiff, hollow, and act as suck-
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ers, so that when the organism has by means of its hollow
arms or tentacles caught some
Infusorian, the arms con-
tract, draw the victim nearer
to the Acineta, and when the
sucking disk at the end of the
arms has penetrated the skin,
the contents of the body of
the Infusorian are sucked into
the food-cavity of the Acine-
ta; on the other hand, in
some Acinete a portion of the
arms are gimply prehensile.
These animals are in . their -
adult phase quite unlike the
Flagellata or Ciliata, but the
young are developed within
the parent and are provided
with cilia, being at first free-
swimming, and afterward
fixed by a long stalk. The
Acinete sometimes self-di-
vide, sending off from the
free end of the body a ciliated
Acinete ; they have also been
seen to conjugate.

Order 3. Ciliata (Infuso-
ria).—A common type of this
group and one easy to obtain
by the student is Parame-
ctum (Fig. 24), observed in
infusions, or moving rapidly - ;
over the bodies of 1arger ani- view from the doresl #idc, magnifcd 30
mals which may be under the fha perem: ey ter thrasts & the pos.
microscope. Figure 24 rep- [ enbeior and oo posirior contracile
;esengh Pafl:mmm;hi cauda- éﬁ:’gjﬁeﬂ;‘gﬁ{m%ﬁﬁg
um Ehrenberg. 8 ani- rib e
malcule is 8 mass of proto- tibtle.—Afier . . Gark:

plasm, representing a single cell. In the body-mass are ex-
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cavated a mouth and a throat leading to a so-called stomach
or digestive cavity. Two hollows in the body form the con-
tractile vesicles, and an-

» other cavity oonstitutes
the reproductive organ.
Prolongations of the body-
mass form the cilia, which
characterize the Infusoria
and give the name to the
present order, Ciliata.
Paramecium has an elon-
gated, oval body “‘with
one end (H ) flattened out
broader than the other,
and twisted about ome
third way round, so that
the flattened part resem-
bles a very long figure 8.””
In this form, as well as in
Stentor (Fig. 25), as Clark
remarks, ‘“we have the
mouth at the bottom of a
broad notch or inocurva-
tion, and the contractile
a vesicle on the opposite
A ) side, next the convex
Fig. 35.—Stenlor polymorphus, maguified 13 back, whilst the general
Ward the ‘obeerver: the mouth . pext the eye, CaVity of the body lies be-
snd th dope ey s i 47 tween these two.” The
ated border of the disk (s); », the larger rigid Arrows in the ﬁgnre repre-

cilia; ev, the contractile vesicle in the extreme

distance,seen through the whole thickness of the -
body; cv', cv3, the f)osterior prolongation of cv, sent the course of the par

in v.f)x'('s distance; », #4, the circular and radiating ¢} indi 1 1
branches of what, by Clark, was supposed to b% tlcleﬂ Of lndlgo WIth Wblch

e merir Tetuies e tht s Jiack fod his apecimens,
fide, at n, posteriorly, but toward the cye at ab. ¢ 88 they are whirled
R — along, by the large vibrat-
ing cilia (v) of the edge of the disk, against the vestibule of
the mouth.”” During the circuit the food is digested, a
mass of rejectamenta is formed near the protuberance, a,

which has appeared a short time before. This finally

Bas

8 o

cv?

)
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opens, allows the rejected matter to pass out, and then
closes over, leaving no trace of an outlet. This and other
Infusoria seem, then, to have a definite digestive tract, hol-
lowed out of the parenchyma of the body.

““ The system,’” says Clark, ‘ which is analogous to the

blood-circulation of the higher animals, is represented in
Paramecium by two contractile vesicles (cv, ev!, 1, 11, 111),
both of which have a degree of complication which, per-
haps, exceeds that of any other similar organ’’ in these ani-
mals. When fully expanded they appear round, asatcv;
but when contracted they appear, observes Clark, as ¢ fine
radiating streaks, and as the main portion lessens they grad-
ually broaden and swell until the former is emptied and
nearly invisible, and
they are extended
over half the length
of the body. In this
condition they might
be compared to the
arterial vessels of the
more elevated classes
of animals, but they
would at the same , Fig. 26.—Process of flssion in Stentor polymorphus.
time represent the %;mwmm?;?&‘t%'ﬁ R Cniractad stater
veins, since they °

terve at the next moment to return the fluid to the main

reservoir again, which is effected in this very remarkable
way.”” The contents of these vesicles is a clear fluid.

The reproductive organ in Paramecium is a small tube
(n), only seen at the reproductive period when the eggs (»)
are fully grown. Clark says that the eggs are arranged in
it *“in a single line, one after the other, at varying dis-
tances.”” It usually lies in the midst of the body, and ex-
tends from one half to two thirds of the length of the ani-
mal. The eggs pass out from the so-called ovary through
an aperture near the mouth. Lasso-cells like those in the
jelly-fishes are said by Bitschli to exist in an infusorian
named by him Polykrikos.

. In the trumpet animaleule (Fig. 25, Stentor polymor-
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phus Ehrenberg) we have a rather more complicated form,
the infusorian attaching itself at one end by a stalk, and
building up a slight tube, into which it contracts when dis-
turbed. The Stentor may be sometimes observed multiply-
ing by self-division. Clark observed Stenfor polymorphus
undergoing the process. The first change observed was the
division of the contractile vesicle into two. The mouth of
the new Stentor was formed in the middle of the under side,

. 2.—Eplst Wmn' a single, many-forked colony of bell animalcules,
slimly magnlﬂes? g. 28, one of thcngnlmnl lcs magnified {m diameters. p, the
stem; d, the flat spiral of vibrating cilia at the of the disk; ms, the muacle; m to
&, the depth of the tive cavity ; m, the mouth ; g, ¢!, the throat, or rudimentary
gl w!i(!lenr c:nal; cv, the contractile vesicle ; n, the reproductive organ or nucleus. —

first appearing as a shallow pit, around which arises a semi-
circle of vibratile cilia. The mouth and throat form in the
new Stentor before any signs of division appear, but in the
course of two hours the body splits asunder, and two new in-
dividuals appear. Fig. 26 illustrates the mode of self-
division seen in Stentor polymorphus Ehrenberg, by Hon.
J. D. Cox. The processin this occupied two hours ; at the
final stage (Fig. 26, f) the connection between the two ani-
malcules parted, ‘“and the two Stentors swam separately
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away, both assuming the common form of the animalcule
when free-swimming, and differing from the original indi-
vidual only in being of smaller size.””

The most complicated as well as most interesting form of
all the Infusoria is the bell-animalcule, Vorticella. It is
very eommon in pools, forming patches like white mould on
the leaves and stems of sabmerged plants. It may, like
Stentor, be observed under low powers of the microscope.
Their motions, as they suddenly contract and then shoot
out their bell, mounted on a long stalk, are very interesting.
The throat (msophagus) is quite distinct, while the nucleus
is the most conspicnous organ of the body. The digestive
cavity is a large hollow in the protoplasm forming the body-
mass, in which the whole mass of food revolves in a deter-
minate channel. Closely allied to Vorficells is Epistylis
(Figs. 27 and 28).

While most ciliate Infusoria, so far as known, multiply
by self-division, in Vagsnicola the process is more like true
gemmation or budding, and is accompanied by a process of
encysting, resulting in the production of a free-swimming
ciliated embryo, the adult Vaginicola being attached. The

Vorticella also becomes encysted, and the nucleus subdivides
until the body becomes filled with monad-like germs, the
result of the simultaneous breaking up of the nucleus. The
Vorticells, then, pass through a flagellate or monad stage,
from which they pass into the Vorficella condition, when
they multiply by self-division and by budding, the last
generation becoming encysted.

Conjugation is a common occurrence in ciliate Infusoria,
and results in the breaking up of the nucleus of each indi-
vidual into a number of fragments, and the appearance in
each of the individuals of the nucleus and nucleolus (either
tingle or multiple) which characterize the species.*

® Balbiani believes that the cillate Infusoria have eggs which are
fertilized by spermatic particles. Morerecently, however, Engelmann,
Batschli, and Hertwig have denied that conjugation is of a truly sexual
character, and that the striated nucleoli of certain individual Infusoria
are spermatozoa. * Nevertheless,” remarks Huxley (Anatomy of In-
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Orass IV.—INFUSORIA.

Flagellate or ciliate (sometimes only cilials in the early slages) Protosoa,
the body not changing in form, having a definite skin, and often wholly or
partly provided with cllia,; usually free, sometimes stalked or attached,; with
a ﬂwuﬂt-opemngandam)hagm and rudiments of digestive, circula-

lory (two or more contractils vesicles), and reproductive organs(nucleus and
nucleolus), but with no distinctively sexual organs.

Order 1. Flagellata.—Rounded, oval, or pear-shaped organisms, usually
exceedingly minute, provided with one or two flagella, with
an oral region, into which particles of food are thrown by
the flagellum ; with a nucleus and contractile vesicles, rarely
stalked, and with a calyx; sometimes aggregated; with a row
of cilia in the highest forms serving as a locomotive appara-
tus ; reproducing by self-division or by segmentation of the
protoplasmic contents of the body, the young being minute
oval bodies, provided withaﬁagellum (Monas, Heteromita,
Noctiluca, Peridinium).

Order 3. Tentaculifera (Suctoria). — Naked, not ciliated, protozoans,
with long, stiff, retractile arms or tentacles, provided with a
sucker at the end, the arms hollow, conveying the food to
the digestive cavity ; originating from ciliated young ; also
by self-division throwing off ciliated forms, and undergoing
conjugation (Acineta).

Order 8. Oiliata (True Infusoria).—Body free and covered with cilia
(Paramecium, Stentor, etc.), or stalked, with the cilia con-
fined to the head end (Vaginicola and Vorticella, etc.); a
well-defined mouth and cesophagus ; a digestive cavity and
vent ; alarge nucleus, and two or more contractile vesicles.
Reproducing by self-division, budding or conjugating, and
producing monad-like young by self-division of the nu-
cleus ; sexuality doubtfully indicated.

The following diagram represents the relative position
of the orders and classes of Protozoa, and in & rude way
their possible genetic relations :

vertebrated Animals, p. 662), *“ it is still possible that the conjugation
of the Infusoria may be a true sexual process, and that a portion of the
divided endoplastules [striated nucleoli] of each may play the part of
the spermatic corpuscle, the conjugation of which with the nucleus of
the ovum appears, from recent researches, to constitute the essence
of the act of impregnation,"
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View oF THE CLASSIFICATION OF THE PROTOZOA.

Ciliata.
(Paramecium.)
Tentaculata.
(Acineta.)
&onu.) ’
|
IRFUBORIA.
Radiolaria.
(Actinophrys.)
Foraminifera.
(Rotalis.)
| I
GneAlmmm. Rmzo:rom.
MoORERA.

Laboratory Work.—None of the Protozoa, except the shells of the
Foraminifera and Radiolaria, can be well preserved after death, and it
is always better to study any animal alive or freshly killed than when
preserved in any sort of fluid. Fresh-water Amabes and Monera
should be looked for on the surface of leaves and the stems of sub-
merged plants in ponds, pools, and ditches. Many fresh-water Rhizo-
pods dwell in sphagnum swamps and in damp moss or in shaded pools.
The marine forms may be gathered with a fine towing net, when the
surface of the ocean is calm. The commoner Foramsingfera will be found
on shells and stones at low-water mark or in shallow water, but most
abundantly at greater depths—i. e., from ten to one hundred fathoms.
On being placed in water they will, after a period of rest, send out
their peeudopodia.

To study their form and development they should be placed in a
drop of water in an animalcule or aquatic box, and kept in this way
for several days and even weeks, the box being examined daily, and
water added if necessary. The shells may be studied by grinding and
slicing into transverss and longitudinal sections. The animals of
Mitiola and other forms (Rotalis, Textillaria), on being treated with
diluted chromic acid and stained with carmine, disclosed to Hertwig a

well.marked nucleus. The nucleus may also be deeply stained by
hematoxylin or carmine, and may be clearly demonstrated by acetic
scid, which tends to destroy the surrounding protoplasm. Much in-
genuity, mechanical skill, and patience is required in the study of the
Prétozoa, and much yet is to be learned regarding their mode of de-
velopment and their structure,



CHAPTER 11,
BRANCH II.—PORIFERA (SpoNGEs).

General Characters of S8ponges.—Although the sponges
were formerly supposed to be compound or social Amaebe,
and more recently monads, from the striking resemblance
of their epithelial cells to certain monads, and have been
generally regarded as Protozoans, later researches have
shown that they are in reality many-celled animals, and that
for a short period of their life they follow the same develop-
mental path as the higher animals. It was also discovered
that they reproduce by eggs, the latter undergoing segmen-
tation and assuming the condition of a three-layered sac,
the three layers being identical with those of the higher
~ branches of the animal kingdom, so that the gap between

the Protozoans and sponges is a wide one, and the latter are
more nearly allied to the Hydra, for example, than to any
one-celled animal.

One of the simplest sponges, such as Ascetta primordialis
Haeckel, is a spindle or vase-shaped cylinder, attached by its
base, with the cellular soft portion smpported by a basket-
work of interluced needles or spicules of silex or lime. The
cells are arranged in three layers, the innermost (endoderm)
being provided each with a cilinm. The spicules, and also
the eggs, are developed in the middle layer (mesoderm)
Moreover, the walls of the body are perforated by multitudes
of small pores (whence the name of the branch, Porifera),
through which the water percolates into the body-cavity,

ing minute forms of life or food-particles, which are
individually thrown into each cell by the action of the single
cilium t} -ust out of the collar of the cell, much as in an in-
dividua! onad such as Codosiga (Fig. 21). Each cell re-
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jects its own waste particle of food, the protoplasm having
been previously absorbed, and the waste from all the epi-
thelial cells is collectively expelled from the single excarrent
orifice (0sculum), there being many pores or mouths, and
but a single outlet for the rejectamenta.

Such is the structure of one of the simplest sponges ; the
larger common sponges differ mainly in having a less defi-
nite form, with numerous sacs or digestive cavities or cham-
bers, and numerous excurrent orifices or oscula. It will be
seen, then, that we have in the sponge a three-layered sac,
its cavity rudely foreshadowing the gastrovascular cavity of
the Hydra, but with no genuine mouth, the pores or so-
called mouths simply allowing the sea-water laden with
sponge-food to flow in, inflowing currents being formed by
the ciliary action of the digestive cells, and the excurrent
orifice permitting its exit.

In the other sponges such as are fignured in this chapter,
the structure is a little more complicated than in the
Ascetta. There is no general body-cavity, with a contin-
unous lining of epithelial cells, but the entire sponge-mass is
permeated by large canals ending in oscula, and there are
innumerable pores (so-called mouths) leading by branching
canals to little pockets or cavities, which are lined with the
flagellate, collared cells developed specially from the inner
cell-layer (endoderm) ; so that the animal is myriad-stom-
ached, so to speak. Moreover, the middle layer of cells is in
many sponges greatly thickened, and nearly the whole
mass, as seen in the common sponge, consists of spicules or
horny fibres, and protoplasm, through which the excurrent
and incurrent channels meander. Thread cells or lasso-
cells like those hereafter to be described in Hydra have
been detected in the sponge named Reniera.

Let us now follow out the life-history of a sponge. The
sponges are further distingunished from the Protozoa in pro-
ducing eggs and spermatic particles, the eggs being fertilized
before leaving the sponge. The egg after fertilization di-
videe in two, four, eight, sixteen, and more spheres, attain-
ing the mulberry or morula * state (Fig. 29). The .result is

* The terms morula and gastruls are used in this boo’"' tmply for
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the formation of atwo and afterward three-layered sac, cor-
responding to the gasfrula of the higher animals. In this
state (Fig. 30) the germ breaks out of the parent sponge into
the sea. Fig. 31 represents the development of the common
little calcareous sponge (Sycon ciliatum), found between
tide-marks. 4 indicates the morula with the segmentation-
cavity (¢), which afterward
disappears as at B. The
gastrula is represented at
C, and consists of ciliat-
ed and non-ciliated large
L= round cells ; the first series

. 9. tation of egg of sponge forming a sort of arch, with
tatiordy~ s G a hollow in the middle,
around which a large number of very fine brown pigment
corpuscles are collected. The next change of importance is
the disappearance of the cavity, the upper or ciliated half
of the body being much reduced in size. Then the large
round cells of the hinder part are united into a compact
mass, leaving only a single row. The ciliated cells are
gradually withdrawn into the
body-cavity. Fig. 31, D, shows
this process going on. At this
period also the larva becomes ses-
sile, and now begins the formation
of the sponge-spicules, which de-
velop from the non-ciliated round
cells, Metschnikoff calls atten-
tion to the fact that at this early
stage the Sycon passes through a :
th which is pemiatent in the Fig. 30.—Gastrula of a eponge (Sy-
genus Sycysaa. The layer of cil- candcra raphanus).—After Schulze,
iated cells are gradually withdruwn into the body-cavity,
until a small opening is left surrounded with a circle of
cilia. These cilia finally disappear, a few more spicules
grow out, and meanwhile the opening disappears. In the
next stage (represented at .D) a considerable body-cavity ap-

convenience to avoid circumlocution. It may be that these conditions
will be found to be essentially modified in different groups of animals.
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pears which may be seen through the body-walls. At this
time the germ consists of two layers, the inner layer of cili-
ated cells (endoderm) forming a closed sac, enveloped in the
spiculiferous layer. Such are the observations of Metschni-
koff on the development of Sycon. According to the ob-
servations of Barrois, the larva or gastrula fixes itself by what
are destined to be the ectodermal cells, and which are the
round non-ciliated cells forming the posterior end (Fig. 31,
C) of the free-swimming gastrula. About this time the
mesoderm separates from the endoderm, either before or
just after the gastrula becomes stationary, according to the
group to which it belongs.

When the young sponge becomes stationary it does not
differ from the gastrula, except that it becomes more or less

¥Fig. 81.—Development of a sponge (Sycon ciliatum).—After Metschnikof?,

irregular in form. Then appear the food or digestive cavi-
ties in the endoderm, in Sycandra becoming radiating tubes
lined with ciliated, collared, monad-like cells ; or in Leucon
and Halickondria, and their allies, forming scattered pock-
ets, called ‘‘ ampullaceous sacs.”” In most sponges (except
some calcareous species) there is no general body-cavity in
the gastrula, nor in the young after the larva becomes sta-
tionary, according to Barrois. After the formation of the
ampullaceous sacs the pores open through the mesoderm
and connect the sacs and ciliated channels, as the case may
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be, with the outer world. These pores may open and then
be permanently closed, new ones opening elsewhere. The
osculum bursts open by the accumulation of water between
the two layers in the same manner as the pores. Finally,
in certain sponges the horny fibres grow out from the onter
cell-layer and extend inward, surrounding the spicules, the
latter developing from the middle cell-layer.

It appears, also, that all sponge embryos form a two and
afterward three-layered sac (gastrula), in which in the sim-
plest sponges there is & primitive body-cavity and a prim-
itive mouth, while in the higher calcareous sponges and in
the silicious forms the body - cavity is only temporarily
open, being afterward filled up by the interior ciliated
cells, and thus forming a compact mass.

In the sponges, also, the larva or free-swimming young
is a three-layered sac, which is either hollow or, more com-
monly, solid, and may attach itself at the end of its free-
swimming life by one end to some fixed object. The body-
cavity may persist in the simpler forms through life, though
in most sponges there is no genuine digestive cavity, but a
large series of minute digestive sacs communicating by canals
with the large ones leading to the ocscula. The more or less
regular spherical form of the young of most sponges becomes
lost as they grow ; they become irregular in form, encrust-
ing rocks, and their development retrogrades rather than
advances.

In the fresh-water Spongilla there is a special provision for
the maintenance of the species. In autumn are formed the
so-called ‘ seed,’”” being capsules in which are enclosed eggs
which in the spring develop young sponges. This cyst or
capsule may be compared to the buds or winter eggs of the
Polyzoa or of the water-flea (Daphnia).

From the members of the next branch, the sponges differ
in the great irregularity of their form, the lack of a definite
digestive cavity and of tentacles.

Order 1. Caloispongi®.—The sponges may conveniently
be divided into two orders. Those belonging to the first
secrete spicules of lime, and there are no digestive or ampul-
laceous sacs, but the minute canals are lined with ciliated cellg.
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The calcareous sponges are few in number and are repre-
sented by a delicate little white sponge called Sycon cilia-
tum Johnston, very common on sea-weeds between tide-
marks.

Order 2. Carneospongim.—In this group the spicules
may either be fibrous and horny or silicious. The middle
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cell-layer is very thick, the endoderm being restricted to the
numerous digestive cavities or so-called ampullaceous sacs.

The freeh-water sponge (iSpongilla) oocurs everywhere
on submerged sticks and stones in running or nearly stag-
nant water, usually branching. With the exception of
Spongilla and another form, Siphydora echinoides Clark,
which grows as large as one’s fist in northern ponds and
streams, all sponges are marine. One of the commonest /
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sponges north of New York is Chalinula oculata (Bower-
bank), which grows in long slender branches on the piles of
wharves and bridgee. Allied to it is Axinells (Fig. 32, 4.
polypoides).

Allied to Tethea, which is sessile, is a deep-sea form grow-
ing on a long stalk, i.e., Stylocordyla boreale (Fig. 33). At
the depth of 100 fathoms in the Gulf of Maine occurs a

mmmh—r—'?dcgmmam half natural size, with stellate and anchor-like spicules,
similar species (S. longissimum Sars). Fig. 34 represents
a fine silicious sponge (Pheronema Anna Leidy) from the
West Indies.© The most beautifal of all silicious sponges is
the Venus’ flower-basket (Euplectellum aspergillum), which
lives anchored in the mud at the depth of about 10 fathoms,
near the Philippine Islands.
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The Cliona bores into shells, cansing them to disinte-
For example, Cliona sulphurea of Verrill has been
found by him boring into various shells, such as the oyster,
mussel, and scallop ; it also spreads out on all sides, envelop-
ing and dissolving the entire shell. It has even been found
to penetrate one or two inches into hard statuary marble.
Of the marketable sponges there are six species, with nu-
merous varieties. They are available for our use from being
simply fibrous, having no silicious spicules. The Mediter-
ranean sponges are the best, being the softest; those of the
Red Sea are next in quality, while our West Indian species
are coarser and less durable. Our glove-sponge (Spongia
tubnlifera Duch. and Mich.) corresponds to Spongia Adriat-
tca Schmidt, which is the Turkey cup-sponge and Levant
toilet sponge of the Mediterranean. Spongia gossypina
Duch. and Mich. the wool sponge of Florida and the Baha-
mas, corresponds to S. equina Schmidt, the horse or bath
sponge of the Mediterranean.

BRANCH IL—PORIFERA.

The sponges are many-celled animals, with thres cell-layers, without a
true digestive cavily, supporied usually by calearsous or silicious spicules,
the body-mass permeated by ciliated passages, or conlaining minule cham-
bers lined by ciliated, collared, monad-like cells. No true mouth-opening,
bt wsually an irregular sysiem of inhalent pores opening into the cell-lined
chambers or passages through which the food is introduced sn currents of
ssa-water, the wasts particles passing out of the body by a single, but more
wsally, many doacal openings (cscula). Sponges are hermaphroditic, mul-
tiplging by fertikiced oggs, the germ passing through a morula and a gasirula
#sgs. (The characters of the Class the same as those of the Branch.)

Order 1. Calcispongia. Animal supported by a framework of calcare:
ous spicules, disposed in lines or columns at right angles to
the walls ; with cell-lined radiating canals. (Sycon.)

Order 2. Carneospongie. Mesoderm exceedingly thick ; the ciliated
cells restricted to cell-lined chambers. Either no solid
framework, as in Halisarca, or usually a well-developed
fibrous or silicious framework. (Spongills, Spongia, Hya-
lonema, Euplectella.)
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View oF THE CLASSIFICATION OF THE PORIVERA.

Crgeomergie N

~
PORIFERA.

Laboratory Work.—SBponges are difficult to preserve alive in aquaria
for study. Finemicroscopic sections of theliving sponge may be made
with the razor or the microtome, and the tissues and eggs as well as the
young be studied, though, from their minuteness, the study of the
young is very difficult. The ciliated young of Sycon ciliatum may be
obtained in the spring and summer by picking a portion of the sponge
to pieces and tearing out small fragments with fine needles, until por-
tions are small enough to be examined under high“powers of the micro-
scope. Researches on the finer structure and mode of growth of the
sponge are difficult, and require much skill and long training in his-
tological methods. The gross structure of sponges may be studied by
cross and longitudinal sections made with a razor or knife.
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CHAPTER III. -

BRANCH IIL.—CELENTERATA (Hyprorps, JELLY-
FisnEs aND PoLyps).

General Characters of Colenteratcs.—In this branch,
which is represented by animals like the /Tydra (Fig. 36) and
Tubularia (Fig. 35), the body consists
of two cell-layers, surrounding a
definite, single, digestive cavity, the
mouth of the cavity being surrounded
by a circle of tentacles, which are hol-
low and connect directly with the
stomach. The latter, however, is only
partly differentiated or set apart from
the body, hence the name Cwlenterata
(Greek, xotdos, hidden, and fvrepov,
digestive tract). From the stomach
often radiate water-vascular canals, no
blood-system yet appearing thus far in
the animal kingdom, the products of
digestion reaching the tissues from
the smaller branches of the primary
water-vascular canals. The nervous
system is either absent, or in different
grades of development, from the iso- :
lated nervo-muscular cells of Hydra > AN
and the scattered nerve-cells of an ¥ig. 36.—A Hydrold, Tubu-
Actinia, to the continuous ganglion- X4rid. m m “"“,;’,?‘;‘;d,i
ated nervous ring of the minute From Teine)'s Joology.
jelly-fish such as Sarsia. These animals display a striking
amount of radial symmetry, the organs and body being dis-
posed in a radiate manner around a central vertical axis, in
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part formed by the digestive tract. The Celenterata pre-
sent striking examples of self-division, gemmation, and
alternate generations, and very great extremes in degree of
complexity of structure.

The different groups have a high geological antiquity;
the species of Hydroid and coral-polyps serving as time-
marks to measure off geological periods.

Crass I.—HyYDROzOA (Hydroids and Acalephs.)

General Characters of Hydrozoa.—An excellent idea of
the general structure of the Hydrozoa may be obtained from
a study of Hydra, the type or example of the whole class, all
the other forms being but a modification and elaboration of
this simple type. The characters of the class as a whole are
based on what is found to constitute the structure of
Hydra.

Order 1. Hydroidea.—The animal next higher in struc-
ture than the sponge is the curious Profokydra discovered
by Greef among diatoms and sea-weeds at Ostend. It is re-
garded by Greef as the marine ancestral form of the Ceelen-
terates. It is the simplest Ccelenterate yet discovered. As
the form of the fresh-water Hydra is familiar, Protokydra
may be best described us being similar to that, except that
it is entirely wanting in tentacles. It is made up of two
layers (an ectoderm and endoderm, no mesoderm having yet
been discovered), with a mouth and stomach (gastro-vascular
cavity).

A more complicated form is the fresh-water Hydra, which
is commonly found on the under side of the leaves of aquatic
plants. There are two varieties of Hydra vulgaris appar-
ently common to the fresh waters of the old and new world ;
they are Hydra viridis and fusca. The somewhat club-
shaped body consists of two layers, the inner (endoderm)
lining the general cavity of the body, which serves both as
mouth and stomach, as well as for the circulation of the
nutritive fluid, and is called the gastro-vascular cavity.
The mouth is surrounded with from five to eight tentacles,



STRUCTURE OF HYDRA. 53

which are prolongations of the body-wall, and are hollow,
communicating with the body-cavity.

Such is the general structure of the Hydra. In the
ectoderm are situnated the lasso-cells or nettling organs, be-
ing minute barbed filaments coiled up in a cell-wall, which
may be thrown out so as to paralyze the animals serving as
food. While the endoderm forms a simple cell-layer, the
outer layer (ectoderm) is more complex, as just within an
external gimple layer of large cells is a multitude of smaller
cells, some of them being thread or lasso-cells, while still
within are fine muscular fibrille which form a continuous
lsyer. The large cells first named end in fibre-like pro-
cesses, which alone possess contractility, and are thought by
Kleinenberg to be motor-nerve endings. These large cells,
from combining the functions of muscle and nerve, are
termed ‘‘ mervo-muscle cells.”” The little cavities between
the large endodermal cells and the muscular layer (meso-
derm?) which lies next to the endoderm are filled with
small cells and lasso-cells, forming what Kleinenberg calls
the interstitial tissue. From this tissue are developed the
eggs and sperm-cells.

The body being but slightly differentiated or set apart
into special organs, the Hydra, like other low creatures, is
capable to a wonderful degree of reproducing itself when
artificially dissected. Trembley, in 1744, described in his
famous work how he not only cut Hydras in two, but on
dicing them across into thin rings, found that from each
ring grew out a crown of tentacles; he split them into lon-
gitndinal strips, each portion becoming eventually a well-
shaped Hydra, and finally he turned them inside out, and
in a few days the evaginated Hydra swallowed pieces of
meat, though its old stomach-lining had now become its
skin. We shall see that not only many Hydroids, Aca-
lephs, some Echinoderms, and many worms, may reproduce
lost parts and suffer artificial dissection, but that self-

division is a normal though unusual mode of reproduction
smong these animals, as well as in the Profozos, which
may also be made to reproduce by artificial division, as
Ehrenberg cut an infusorian into several pieces, each frag-
ment becoming a perfect individual.
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The process of budding is but a modification of that in.
volved in natural self-division, and it is carried on to a great
extent in Hydra, a much larger number of individuals being
produced in this way than from eggs. Our figure (36)
shows two individuals budding out from the parent Hydra ;
the smaller bud (a) is
a simple bulging out
of the body-walls, the
bud enveloping a por-
tion of the stomach,
until it becomes con-
stricted and drops off,
the tentacles mean-
while budding out
from the distal end,
and a mouth-opening
arising between them,
a8 at ¢. Budding in
the Hydra, the Acti-
nia, and, in fact, all
the lower animals, is
simply due to an in-
crease in the growth
and multiplication of
cells at a special point
on the outside of the
body, while the asex-
ual mode of reproduc-
tion in the Aphis and
a few other insects
results from the mul-
T, it B Jpaa. iPlication of cells at
dung From 1t B, thi Dace: 4. the digetive cavlty. ¢, & particular point (the

tentacles. —From Clark's Mind in Nature, 07&1']) in the 'insi'de of
the body. Thus Parthenogenesis or Agamogenesis is analo-
gousto the ordinary mode of budding. Ehrenberg first showed
that the Hydra reproduces by fertilized eggs. Kleinenberg
describes the testis, which is lodged in the ectoderm, and
P_\\\ which develops tailed spermatozoa like those of the higher

t
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animals. They arise, as in other higher animals, from a
self-division of the nuclei of the testis-cells. There is a true
ovary formed in the same interstitial tissue of the ectoderm,
consisting of a group of cells, which, Kleinenberg states,
differ entirely in their mode of formation from the ovaries
(gonophores) of the marine hydroids, which are genuine
buds.

It thus seems that Hydra is moncecious or hermaphro-
dite—i.e., the sexes are not distinct. The egg of Hydra
originates from the central cell of the ovary.

There is a true segmentation of the egg. The young
Hydra thus passes through a true morula stage: There
is an outer layer of prismatic cells, forming the surface of
the germ, and surrounding the inner mass of polygonal
cells. At first none of these cells are nucleated, but after-
ward nuclei appear, and it is an important fact that these
nuclei do not arise from any pre-existent egg-nucleus.

The next step is the formation of a trme chitinous shell,
enveloping the germ or embryo. After this, Kleinenberg
asserts that the cells of the germ become fused together,
and that the germ is like an unsegmented egg, being a
single continuous mass of protoplasm.

The remaining history of Hydra is soon told. In this
protoplasmic germ-mass there is formed a small excentric
cavity ; this is the beginning of the body-cavity, which
finally forms a closed sac. After several weeks the germ
bursts the hard shell and escapes into the surrounding wa-
ter, but is still surrounded by a thin inner shell. After this
a clear superficial zone appears, and a darker one beneath,
which is the first indication of the splitting of the germ into
the two, afterward three, definitive germ-lamellse, common
to all animals except the one-celled Protozoa.

The embryo soon stretches itself out, a star-shaped cleft
appearing, which forms the mounth. The tentacles next ap-
pear. The animal now bursts open the thin inner shell,

and the young Hydra appears much like its parent form.

There is, then, no metamorphosis in the Hydra ; no cili-
sied planula, as in many other Hydroids. The adult form
ig thus reached by continuous growth,
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It will be seen, to anticipate somewhat, that the Hydra,
exactly as in the vertebrates, including man, arises from an
egg developed from a true ovary, which, after fertilization,
passes through a morula stage ; that the germ consists at
first of two germinal layers, while from the outer layer, as
probably in the vertebrates, an intermediate or nervo-mus-
cular layer is formed, which Allman thinks is the homologue
of the middle germ-lamella of the vertebrates (mesoderm)
supposed to have originally split off from the ectoderm.

In all the other Hydroids the sexes are separate, and we
for the first time in the animal kingdom meet with two
sorts of individuals—t.e., males and females.

Fig. 37.—Colony of Hydractinia echinata on a shell tenanted by a hermit crab,
natural gize.—From Brehm's Thierleben.

The simplest form next to Hydra is Hydractinia, in
which the individual is differentiated into three sets of
zo0tds—i.e.. @, hydra-like, sterile or nutritive zooids ; 4and ,
¢, the reproductive zooids, one male and the other female,
both being much alike externally, having below the short
rudimentary tentacles several spherical sacs, which pro-
duce either male or female meduse. These medusa-buds
(gonophores) are in structure like the free medus® of Co-
ryne. The marine Hydroids, then, are usually sexually dis-
tinct, growing by colonies, which are either male or female.



HYDROID CORALS. 57

Hydractinia echinata (Fig. 37) forms masses (each called a
hydrophyton) encrusting shells.

In Clava the reproductive buds remain permanently at-
tached. It grows in pink masses on Fucoids, about half an
inch high, and is very common on our shores. It is repre-
sented in fresh water by Cordylophora lacustris Allman,
which lives attached to rocks and plants in Europe and this
country.

Here comes in the group of Hydroids represented by
Millepora and Stylaster, which were formerly considered to
be Anthozoan corals. By the researches of L. Agassiz in
1859, and H. M. Moseley
in 1876, Millepora, which
had been confounded
with the coral polyps,
has been proved to be a
Hydroid allied, as Agas-
siz stated, to Hydracti-
nia. Like that Hydroid,
it forms a calcareous
encrusting mass, but of
much greater extent, a
considerable proportion
of the coral in the Flori-
da reefs being formed

by the Millepora. Our = modoss
. e . . 30— a. @ nntrl?ive
American species s Mil- 1o b iaalti 1T dudill

lepora alcicornis Linn.,

while our description is taken from Moseley’s account of
Millepora nodosa Esper. (Fig. 38). Its generic name is de-
rived from the numerous pores or calicles dotting its surface
and arranged in irregular circular groups, consisting of a
central calicle, or cup-like hollow, with from five to eight
smaller calicles arranged around it. The mass of the coral,
or hydrophyton, consists of fibres (or trabecule) of lime,
forming a spongy mass, traversed in all directions by tor-
tuous canals which ¢‘ form regular branching systems with
main trunks, giving off numerous branches, from which
arise secondary branches, and from these again smaller
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ramifications. The whole canal system is connected to-
gether by a freely anastomosing mesh-work of smaller ves-
gels, and communicates freely by numerous offsets with the
cavities of the calicles.”” As the animals increase in num-
bers and die, the coral stock increases in size, the layer con-
taining the living animals forming a thin film only, the
bottom of the little cups or pores forming a table or plst-
form, whence the term Tabulata, originally applied to this
group, the old calicles being divided by a series of trans-
verse plates or lamin, separating them into series of cham-
bers. Moseley shows that the corallum of Millepora is dis-
tingmished from all other coralla by its systems of canals
branching in an arborescent manner, while the tabulate
structure occurs in certain Alcyonaria, Zoantharia, and in
other Hydroida ; hence the group Zabulata, as previously
stated by Verrill, is an artificial one.

The animals of the Millepora are of two kinds ; those in-
habiting the central cup or pore are short, thick zooids,
with a mouth and four tentacles, and only half a milli-
metre in height ; those in the smaller pores are longer and
slenderer, about one and a half millimetres in height, with
from usually five to twenty tentacles, situated at irregular in-
tervals from the base to the summit of the body. The body
cavities of the zooids end in blind sacs at the bottom of the
cup, but are continuous beyond with the canals of the hy-
drophyton, the latter being defined by Allman as forming
in the Hydroids ¢ the common basis by which the several
zooids of the colony are kept in union with one another.’’
As we know nothing of the mode of reproduction of Mille-
pora, we must leave it for the present near Hydractinia, to
which the adult animals are nearest related. Moseley also
discovered that Stylaster, a beautiful pink coral which grows
at Tahiti, with the Millepora, is in reality a Hydroid, and
not a true coral polyp, as has always been supposed. That,
finally, Millepora is a true Hydroid is proved, Moscley thinks,
by the peculiar structure of the hydrophyton, the forms of
the zooids, the absence of all trace of mesenteries, the ap-
parent septa present in the tentacles, and by the presence
of thread-cells of the form peculiar to the Hydrosoa. The
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living Millepors, unless handled with great care, severely

stings the hand of the collector.

We now come to Hydroids which throw off a free naked-
eyed meduss from the hydrarium (Fig.

of the disk. This is
the water-vascular sys-
tem, communicating
directly with the gas-
tro-vascular cavity, or
stomach. Four tenta-
cles hang from the
disk, and simple eye-
spots and otolithic sacs (simple ears) are usu-
ally present and situated at regular inter-
vals around the edge of the disk. Such is
the typical form of all the free-swimming
Hydroida. They are said, in a few cases,
to possess a well-developed continuous ner-
vous system, conmsisting of a nervous ring
around the disk (Romanes). They are bi-
sexual, the ovaries or spermaries being de-
veloped on the radiating canals, the embryo
escaping into the surrounding water by rup-
taring the walls of the ovary.
The young is at first oval, ciliated all
over the surface of the body, and is called a
The planuls, as in Melicertum, a
genus allied to Campanularia, and a type

39). From the centre of these free
bell-shaped, minute jelly-fishes depends
a hollow, open sac called the manu-
brium, the cavity of which (stomach)
opens into usually four canals, which
radiate from the hollow or stomach in
the centre of the disk and commauni-
cate with a canal following the margin

\

. 40.—Free Medo
Fig“ofwme 5

of most marine Hydroids, at first spherical, becomes pear-
shaped, and after swimming about for a time attaches itself
to some object, It then elongates, a horny sheath (peri-
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sarc) forms around it, tentacles arise around the mouth,
finally the stem branches, new Hydroids arise, until a hy-
droid community (consisting of ¢rophosomes and gonosomes)
is formed, and in the following spring medusa-buds (gono-
phores) arise, which become free (medusoids), and thus the
reproductive cycle is completed. The developmental his-
tory of this Hydroid is a good example of what is called
‘‘ alternation of generations.’’ '

Budding occurs in the medusa of Sarsia prolifera, in
Hybocodon prolifer and Dysmorphosa fulgurans. Mul-
tiplication by fission has been observed in the medusa of
Stomobrachium mirabile. The pendent stomach was seen
by Kélliker to divide in two, becoming doubled, which act
was followed by a vertical division of the umbrella, separat-
ing the animal into two independent halves. These again
subdivided, and Kolliker thinks this process went on still
further. Haeckel has found in cutting off a portion of the
edges of the umbrella of certain Thaumantiam, that the frag-
ment in a few days became a complete medusa.

In the Tubularian Hydroids (Zubularia, Hybocodon, Co-
rymorpha, Monocaulus, etc., Fig. 41),
the mode of reproduction is peculiar.
From the medusa-buds (sporosac) is set
free an embryo (actinula), which swims
about or creeps on its tentacles, mouth
downward. It then attaches itself by a
disk-like expansion of the posterior end,
which forms a stem until the original
Tubularia form is attained.

A gigantic Monocaulus having sessile
ovisacs, measuring seven feet four inches
in height, and provided with a ¢rown of
tentacles nine inches across from tip to
tip of the expanded, non-retractile ten-

. 41.—Monocaulus pen- tacles, was dredged by the Challenger
oA Expedition at the depth of four miles.
Allman suggests that such a deep-sea Hydroid could not, on
punt of the darkness and pressure of the water at such a

hpth prodnoe free-swimming medus®. In T¥aropsie
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there is no trace of a nervous system such as exists in
Sarsia, where nerve-fibres extend around the margin and
along the radial tubes (Romanes).

In the groups of Campanulari®, represented by Plums-
laria, Sertularia, Zygodactyla Dynamena, and Campans-
laria, the ectoderm is protected by a horny or chitinous
sheath (perisarc) enveloping the zooids. The Hydroids re-
tract,when distarbed, into emall cells (hydrothecs), arranged
in opposite rows on
the stalk as in Serfu-
leria (Fig. 42), or
singly at the ends of
the stalks, as m Cam-

guished by their
much larger size and
cup-shaped form.
The Sertularians
shound on sea-weeds,
and may be recogniz-
ed from their resem-
blance to mosses.
They are among the
moet common objects
of the seaside. The
meduss of these and g
many other Hydroids £ f:':a_%m e bydranim, with the
can be collected by a
towing-net, and emptied into a jar, where they can be de-
tected by the naked eye after a little practice.
Graptolites.—More nearly allied perhaps to the Sertularian
Hydroids than any other known animals are the Graptolites
(Fig. 43), which were most abundant in the Lower Silurian
period, and lingered as late as the Clinton epoch of the Upper
Silurian. In Graptolithus Logani the hydroid colony (hy-
drosome) is 8 long narrow blade, with a row of cells on one
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side; in @. pristis the hydrosome is broader, more lanceo-
late, and the sharp, tooth-like cells are arranged on both
sides of a median stem. In Phyllograptus typus the hy-
drosome is broad and oval, leaf-like, the serrations of the
leaf marking off the cells, which are apparently supported
on a central axis. The group also has some affinities to the
Polyzoa, and is probably a generalized or synthetic type of
animals.

Order 2. Discophora.—We now come to meduss which
differ from the Hydromeduss in
developing directly from eggs ;
in having usually no velum ; with
branching gastro-vascular canals,
and covered sense-organs. They

B intergrade, however, with the
Hydroidea by the members of the
group or sub-order Trachymedu-
8@, represented by the genera
Lgineta, Geryonia, etc. These
are small jelly-fishes, with often
a remarkably long proboscis
(manubrium), as in Geryonia,
and with either four single radi-
ating canals, or, in addition, as
in Geryonia, & number of smaller
canals on the edge of the disk ;
or, a8 in a still more complicated

A form, Charybdma, the radiating

o P, & Mo e canals are branched, thus con-
necting this group with the true
covered-eyed Acalephs, such as Aurelia.

0. and R. Hertwig have fully confirmed Haeckel’s disocov-
ery of the nature of the nervous system in the Geryonide.
They find that the nervous system is developed in the ecto-
derm and consists of two ‘‘ ring-nerves’’ around the edge
of the disk, formed of two filaments, one lying on the upper,

o - the other on the under side of the velum, immediately at its
on. From this double nervous ring filaments are sent
the ganglia near the sense-organs, This sort of a
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nervous system is present in the Fquoridm and Lginidem,
but is most distinct and best developed in the Geryonidm
(@lossocodon and Carmarina).

The Hertwigs have also observed in these Trachynemidse
organs of taste, consisting of groups of long stiff hairs at
the base of the tentacles. They have been observed in
Rhopalonema velatum, Aglaura nemistoma, and in Cunina,
where the hairs are shorter.

The eggs, in developing, after total segmentation (morula
state) pass into a ciliated planula state as in Aurelia, there
being at first apparently no primitive gastric cavity; the
body of the embryo or planula remains spherical, as in Gery-
onia, there being a slight metamorphosis ; or, as in Poly-
zenia and Fginopsis, where there is a decided metamor-
phosis, the spherical ciliated planula greatly lengthens out
on each side, the body becoming boomerang-shaped, each
end of the boomerang becoming an arm or tentacle. Then
it becomes a gastrula, a central cavity and mouth appear-
ing. At right angles to the two primitive arms bud out
two others, and finally others appear on the lower edge of
the umbrella, and after slight changes the adult form is as-
sumed. Cunina is at first spherical, then, a single arm
developing, it becomes club-shaped ; finally, the fall num-
ber of arms grow out, and the mature form results. It ap-
pears, then, that in the mode of development from eggs,
without passing throngh a hydra-like condition, and in the
structure of the body, the Trachymeduse connect the cov-
ered-eyed medus® with the naked-eyed or Hydroidea. The
American forms are found from Newport southward. A
probably exotic fresh-water form (Limnocodium) lives in a
tank (80° F.) at London. Cunina has been found by
Haeckel growing on the columella of @eryonia, and
MecCrady has found that our native Cunina is parasitio on
Turritopsis, a hydroid medusa.

The Lucernarie, or Calycozoa, which, according to Clark,
form an order of Acalephs, are, with Huxley, regarded as
a suborder of Discophora. With essentially the structure
of the Aurelia and allies, Lucernaria differs in having the
power of attaching itself by a sucker on the smaller end of
its body to sea-weeds, but can detach iteelf at will and swim
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about like the Aurelia by alternate contractions and expati-
sions of the umbrella. We will now enter into a more com-
plete account of this group based on Clark’s characteriza-
tion. The disk is more or less octagonal or circular, um-
brella, funnel or urn-shaped, the end opposite the mouth
ending in a pedicel, by which it is attached temporarily to
sea-weeds. The mouth is square, and between the ectoderm
and endoderm is a jelly-like layer constituting the musculo-
gelatiniform layer (mesoderm) much as in Aurelia. This
layer extends into the tentacles and marginal anchors, as
well as into the pedicel. The cavity of the disk is divided into
four quadrant chambers, separated by as many partitions,
which extend from the mouth into the lobes nearly to the
margin between the tentacles. The latter are arranged in
eight groups or tufts just within the margin of the disk, at
eight points, which alternate with the four partitions and
the four corners of the mouth. The tentacles are hollow,
opening into the radial canals of the general cavity of the
body, and end in a globular or epheroidal expansion, serv-
ing as an organ of touch or prehension. In some forms, as
Haliclystus auricula Clark, marginal anchors are situated
at eight points, exactly opposite the four partitions and the
four corners of the mouth ; they are originally tentaculiform,
but in adult life form organs by which they adhere to or
pull themselves from place to place. The sexes are distinct,
the reproductive glands having the same position in each
sex. Nothing is absolutely known of the mode of growth
of these animals, but development is supposed to be direct.
Our common Lucernarian is Haliclystus auricula Clark.
Its umbrella-shaped disk is an inch in diameter ; including
the tentacles, an inch and a half ; the pedicel half an inch
long. It ranges from Cape Cod to Greenland and south-
ward to the coast of England, and may be found on eel-
grass between tide-marks.

According to A. Meyer, the end of the stalk when cut off
produced a new disk, and even pieces cut off between them
became complete Lucernarim, evincing the extraordinary
powers of reproduction in these interesting jelly-fish.

Coming now to the true Discophors, jelly-fish, sea-
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nettles, sun-fish or Acalephs, of which there are about
nine known species on the Eastern coast of the United
States, we may study as the type of the suborder the
common Aurelia flavidula Péron and Lesueur of our
coast, which is closely allied to the Awurelia aurita of the
European shores. It grows to the diameter of from eight
to ten inches, becoming fully mature in August, the young
appearing late in April in Massachusetts Bay, being then
not quite an inch in diameter. The mature ones may be
eagily captured from a boat or from wharves. On a super-
ficial examination, as well as by cutting the animal in halves
and making several transverse sections with a knife, the lead-
ing points in its structure may be ascertained. Its tough,
jelly-like disk is moderately convex and evenly curved, while
four thickoral lobesdepend from between the four large geni-
tal pouches ; the orallobes unite below, forming a square
mouth-opening, the edge of which is minutely fringed to the
end of the tentacles. On the fringed margin are eight eyes,
each covered by a lobule and situated in a peduncle, and
occupying a8 many slight indentations, dividing the disk
into eight slightly marked lobes. The subdivisions of the
water-vascular canals or tubes are very numerous and anas-
tomose at the margin of the disk, one of them being in
direct communication with each eye-peduncle. When in
motion the disk contracts and expands rhythmically, on the
average twelve or fifteen times a minute ; on the approach
of danger they sink below the surface.

While a distinct nervous system has not been discovered
in Aurelia, Romanes suggests that there are primitive nervo-
muscalar cells, such as those shown by Kleinenberg to exist
in Hydra, and he concludes, after a series of experiments
on Aurelia aurita, that the whole contractile sheet of the
bell presents not merely the protoplasmic qualities of ex-
citability and contractility, but also the essentially nervous
quality of conducting stimuli to a distance irrespective of
the passage of a contractile wave. The later researches of
0. and R. Hertwig show that the nervous system of
Acalephs (Acraspedota or covered-eyed Medus®) is much
more primitive than in the naked-eyed or craspedote forms,
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such as the medus® of the Hydroids and the ZTvrachy-
nemide. In the European Nausithoe albida and Pelagia
noctiluca mo merve-ring is present, for this is impossible
owing to their deeply indented disks. There are instead eight

. 44.—Gastrula of an Aure-
Ha-li he b)lcdum a, lpﬂm&lm histoma of Aurdlc
mout| tro-vaxcular ca ages; magni.
¢, ect,odelgl’l‘\s d, endodermt-y;- ula “ ¢ '
After Metachnikoff.

separate nerve-tracts which unite with the sense-organs in a
special elevation of the edge of the disk, forming so-called
sense-bearers, which alternate with the eight tentacles.
Aurelia aurita has a similar disconunected nerve system.*
Eimer confirms these discoveries, and states that the ner-
vous system in these Hydrozoa arises from the cctoderm.

Fig. 47. — Epl
elrlleat free eon tion of
;4‘:1!“@—- Agus-

Fig. 46.—8trobila of Au-
relia  Aavidula. — After

The Aurelia flavidula spawns in late summer, the females
being distinguishable by their yellowish ovaries, the male
glands being roseate, while the tentacles of the females are

r - ® Jenalsche Zeitachrift, 1877, p. 855.
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shorter and thicker than in the males. The eggs pass out
of the mouth into the water along the channeled arms, and
in October the ciliated gastrula becomes pear-shaped and
attaches itself to rocks, dead shells, or sea-weeds, and then
ssumes 8 Hydra form with often twenty-four very long
tentacles. This stage was originally described as a distinct
animal under the name of Scyphistoma. In this Scyphis-
toma stage (Fig. 45) it remains about eighteen months.
Toward the end of this period the body increases in size
and divides into a series of cup-shaped disks. These saucer-
like disks are scalloped on the upturned edge, tentacles bud

¥ig. 48.—Aurelia favidula.—After Agansis.

out, and the animal assumes the Strobila stage (Fig. 46).
Finally, the disks separate, the upper one becomes detached
and with the other disks swims away in the Ephyra form
(Fig. 47), when about a fifth of an inch in diameter, and
toward tho middle or end of summer becomes an adult
Aurelia (Fig. 48).

Though the Aurelia has lasso-cells it is not poisonous to
bathers. Not 80, however, with the gigantic Cyanea arctica,
whoee long tentacles are poisonous ; fishermen as well as
bathers being often annoyed by them. This giant jelly-fish
sometimes attains a diameter of from three to five feet across
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the disk, though it is produced from a Scyphistoma not
more than half an inch in height. Pelagia campanella and
a few other forms do not undergo this metamorphosis, but
grow directly from the eggs, not having a Strobila stage.

Various boarders or commensals—viz., temporary non-
attached parasites—live in or under the mouth-cavity or be-
tween the four tentacles of the larger Acalephs. Such is the
little Amphipod Crustacean, Hyperia, which lives within
the mouth, while small fishes, such as the butter-fish, swim
under the umbrella of the larger jelly-fishes, Cyanea, etc., for
shelter and protection. Besides small animals of various
classes, the larger jelly-fishes kill by means of their nettling
organs small cuttle-fishes and true fishes, the animals being
paralyzed by the pricks of the minute barbed darts.

Order 3. Siphonophora.—These are so-called compound
Hydroids, living in free-swimming colonies, consisting of
polymorphic individuals, or, more properly speaking, zooids
—that is, organs with a strongly marked individuality, but
all more or less dependent on each other. A Siphonophore,
such as Phlysaliu, for example, may be compared to a so-
called colony of Hydractinia, in which there are nutritive
and reproductive zooids and meduss-buds. In Physalia
there are four kinds of zooids—i.e. (1) locomotive, and (2)
reproductive, with (3) barren medusa-buds (in which the
proboscis is wanting), which, by their contractions and
dilatations, impel the free-swimming animal through the
water ; in addition, there are (1) the feeders, a set of di-
gestive tubes which nourish the entire colony. There are
numerous genera and species (one hundred and twenty are
known), whose structure is more or less complicated and
difficult to understand without many figures and labored
descriptions. We will select as a type of the order our
Physalia Arethusa of Tilesius, or Portuguese man-of-war
(Fig. 49), which is sometimes borne by the Gulf Stream as
far north as Sable Island, Nova Scotia. It is excessively
poisonous to the touch, and in guthering specimens on the
shores of the Florida reefs we have unwittingly been stung
by nearly dead, stranded individuals, whose sting burns like
condensed fire and leaves a severe and lasting smart,
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The colony or hydrosome of the Portugnese man-of-war
consists of long locomotive tentacles, which, when the ani-
mal is driven by its broad sail or float before the wind,
stretch out in large individuals from thirty to fifty feet.
These large Hydra-like zooids are arranged in small groups,

arising from a hollow stem com-
municating with the chymiferous
cavity extending between the in-
ner and outer wall of the float.
The ¢ feeders’’ are of two kinds,
large and small, and are clustered

in branches growing from a com-

mon hollow stem, also communi-
cating with the chymiferous or
body-cavity. L. Agassiz, whose
description of this animal we are
condensing, states that he has
seen these feeders ‘‘ gorged with
food almost to bursting,”” but has
never seen undigested food in
any of the other organs. The
medusa-buds (gonophores) arise
from a third set of very small
Hydras, but form very large clus-
ters suspended between the clus-
ters of feeders. These reproduc-
tive zooids resemble the locomo-
tive zooids, but, like the feeders,
have no tentacles. The medusa-
buds, which are male or female,
arise singly, either from the base
of the reproductive zooids or
from the stems which unite the
latter. These buds, as in Tudu-

<
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Fig. 49.—Ph K’al(a or Pormgu\
man-of-war.—.

laria, wither without dropping from their parent stock. It

appears, then, that the floating

hydrosome of a Siphon-

ophore is like that of the fixed Hydractinia or Coryne, with
the addition of locomotive zooids and a float, as seen in
Physalia, Velells, or tho s\vimming-bells of Halistemma,
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The Siphonophores, as observed in Agalma, Epibulia,
Agalimopsis, and other forms, arise from eggs which pass
through a morula, planula, and gastrula stage. The further
development of Agalmopsis elegans, a Siphonophore native
to the shores of New England, has been described by A.
Agassiz as follows : In the earliest stage noticed the young
looked like an oblong oil-bubble, with a simple digestive
cavity. Soon between the oil-bubble and the cavity arise &
number of medusa-buds, though without any proboscis
(manubrium), since the medusa-buds are destined to form
the ““ swimming-bells,”” which take in and reject the water,
thus forcing the entire animal onward. After these swim-
ming-bells begin to form, these kinds of Hydra-like zooids
arise. In one set the Hydra is open-mouthed, and is, in
fact, a digestive tube ; its gastro-vascular cavity connecting
with that of the stem, and thus the food taken in is circu-
lated throughout the community. These are the so-called
‘“ feeders.”” The second set of Hydras differ only from the
feeders in having shorter tentacles twisted like a corkscrew.
In the third and last set of Hydras the mouth is closed, and
they differ from the others in having a single tentacle in-
stead of a cluster. Their function has not yet been clearly
explained. New zooids grow out until a long chain of
them is formed, which moves gracefully through the water,
with the float uppermost.

All the Hydroids in their free state as medus® are more or
less phosphorescent, and as much or more so after death,
when their bodies become broken up, and the scattered frag-
ments light up the waves whenever the surface of the ocean
is agitated. From this cause the sea is especially phosphor-
escent in August and September, when the jelly-fishes are
dying and disintegrating. These creatures serve as food for
the whalebone whales, which swallow them by shoals.

The smaller species are abundant in the circumpolar seas,
while in the tropics the Siphonophores are especially nu-
merous, none occurring in the Arctic regions. The Hy-
droids are widely distributed, a species of Campanularia be-
ing common to the Arctic and Antarctic seas. The species
occurring on the New England coast are in many cases
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found in Northern Europe, being circnmpolar in their range.
A distinct assemblage of Sertularians, characterized by the
large number of species of Plumularia, inhabits the Florida
seas down to a depth of five hundred fathoms. Among
the Discophora the Lucernari are arctic as well as temper-
ate forms, while Cyanea is peculiar to the Northern Hemi-
sphere. Aurelia and Pelagia are cosmopolites, while Rhaco-
pilus, Placois, and Lobocrocis are peculiar to the SBouthern
Hemisphere. The larger number of species are tropical and
sub-tropical. As regards their bathymetrical distribution,
while several species extend to the depth of five hundred
fathoms, Monocaulus flourishes in gigantic proportions at
the enormous depth of four miles.

The range in geological time of the Discophora extends
to the Jurassic period (middle Oolitic), large species of jelly-
fishes occurring in the Solenhofen slates. The genus Hy-
dractinia first appeared in the Cretaceous period. Grapto-
lites were common in the shales of the Potsdam period, so
that if Graptolites are Acalephs, the latter are probably as
old a type as any, being contemporaneous with trilobites,
brachiopods, mollusks, worms and sponges.

Crass I.—-THE HYDROZOA.

Body in its simplest form a sac atlached by the aboral end, composed of
two cell-layers, with a mouth and gastro-vascular cavity, and in all cases,
except Protohydra, provided with tentacles, which are hollow, forming con-
tinuations of the body-cavity. The body (hydrosome) usually differentiated
tnlo two sorts of gootds, nulritive (polypites) and reproductive (gonosomes),
connected by a common stem or nutritive canal (canosarc), the gonosomes
producing medusa-buds (gonophores), which on being set free are called me-
dusee (or medusoids) and are bisexual.® In these medusm the body is disk
or bell-shaped, the jelly-dike parenchymatous substance composing the disk
constituting the mesoderm. Fyom the gastro-vascular cavity four primary
gastro-vascular canals radiate and anastomoss with a marginal circular
canal. No distinet organs of circulation, the blood being sea-water con-
laining the chyme and a few colorless blood-corpuscles. A true nervous
syslem rarely present, but when developed in certain medusoids, forming o

® Agassiz saw in Rhizogeton, a form allied to Hydractinia, a gonophore which had
diacharged its contents, degenerating into a polypite or hydrs, and its body elongating
and developing tentacles. Allman observed the same thing in Cordylophora.
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thread-ring around the disk, and with ganglia near the sensc-organs. In
Hydra the nervous system is represented by nervo-muscle cells ; sense-

" organs usually present, represented by simple eyes and auditory vesicles
(lithocysts), the two not usually coexisting. Nettling organs (nemaiocysts)
usually present, and especially characleristic of the class, being most abun-
dant on the tentacles.

The sexes rarely united, usually distinet. Often a high degree of poly-
morphism in the individual hydrosome, the animal being differentiated not
only into polypites and gonosomes, but, in the free-swimming forms, into
locomotive zovids. Reproduction takes place by budding, and by fertdized
eggs developed in glands attached to or dependent from the primary ra-
diuting canals. The species undergo either a slight or marked metamor-
phosis, the free gonophores being medusm (or medusoids), which produce
eggs, from which in some Discophora (such as Aurelia) arise successively
a morula, gastrulas, planula, scyphistoma, strobila, and adull medusa,
representing distinct stages of growth.

Order 1. Hydroidea. — The individual either not differentiated into
zooids, as in Protohydra and Hydra, or consisting of nutri-
tive and reproductive zooids forming a compound, station-
ary, branching, moss-like body (hydrosome), the medusa-
buds remaining on the gonosomes or becoming free meduse,
with usually four simple radiating canals, a velum, manu-
brium, and naked eyes. Hydrosome either naked or as in
Sertularia, etc., protected by a horny sheath, or forming, as
in Millepora and Heliolites, a massive corallum. Suborder 1.
Tubularie (Hydra, Clava, Hydractinia, Millepora, Tubularia).
Suborder 2. Campanularie (Plumularia, Dynamena, Cam-
panularia, Zquorea, Zygodactyla).

Order 2. Discophora.—Meduse like those of the Hydroids, but with
the four primary radiating canals usually subdividing into
numerous branches, the eyes more or less covered by a flap ;
the velum often absent ; often four genital pouches, dis-
charging eggs into the gastro-vascular cavity ; usually of
large size, and developing either directly from eggs, or, as
in Aurelia, passing through a gastrula, scyphistoms, and
strobila stage, not being developed from a hydra-like poly-
pite. Buborder 1. Trachymeduss (ZAEgina, Cunina, Gery-
onia, Charybdeea). Suborder 2. Zucernari® (Lucernaria).
Suborder 8. Acalephe (Pelagia, Cyanea, Aurelia, Rhizos
toma).

Order 8. Siphonophora. — Free-swimming, polymorphic hydrosomes,
with nutritive, feeding, reproductive and locomotive zooids. -

H Buborder 1. Physophore (Agalms). 2. Physalie (Physalia).
8. Calycophors (Diphyes). 4. Discoidess (Velella, Porpita).

b

b
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Nore.—8tsphanocyphus mirabilis Allman is the type of a new order
of Hydrozoa called by Allman Thecomeduss. The animnal permeates
and is parasitic in sponges. Although a Hydrozoan, it is not a
Hydmid, and cannot be referred to any of the existing orders of the
Hydrozoa.  The chitinous tubes which permeate the sponge-tissue are
united toward the base of the sponge, and constitute a colony of zooids.
In many respects it is said to resemble the Campanularia.

VIEW oF THE CLASSIFICATION OF THE HYDROZOA.

Biphonophora.
I(,Physalln.)
Y ®.
(Aurelia.)
Hydroidea.
(Eytlirl-)
|
HYDROZOA.

Laboratory Work.—The common Hydroids, such as Coryne, Sertu-
laria, etc., may be collected from sea weeds or the piles of wharves
between tide-marks, while the medus® may be obtained by the
hand-net, or tow net from a boat. The meduse especially abound
in eddies off points of land where different currents of the sea meet.
Towing is most effectively pursued. after sunset and early in the even-
ing, when the sca is calm, and the jelly-fish swim near the surface.
They should be placed in the jars by inverting the net in the water of
the jar, and examined at once, as many will have perished by the next
morning. Jelly-fish can also be reared in roomy aquaria, in which
plenty of air is introduced by running water. '

The larger medusm, such as Auredia and Cyanea, should be sliced
in sections in order to study their gross anatomy, and portions snipped
off with scissors to be examined with the microscope. The animals of
Sertularians, Coryne, ctc., can be studied alive in animalcule-boxes
and growing-cells. The coral stock of Millepora was examined by
Moseley in ground sections. ** Portions of the living coral were placed
in absolute alcohol, chromic acid, and glycerine ; portions were further
treated with osmic acid and transferred to glycerine or absolute alcohol.
Fragments of the hardened coral were afterward decalcified with
hydrochloric acid, and the residual soft structures were either mounted
entire for examination, or cut in the usual manper into fine vertical
and horizontal sections, which werc then stained with carmine or
magenta. The specimens hardened in osmic acid, and decalcified after
subsequent immersion in ahsolute alcohol, yielded the best histological
results.”
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‘While the jelly-fishes should be studied alive, the larger ones can he
preserved in alcohol, after being killed by the gradual addition of
alcohol to the sea-water in which they are living. The small medusse,
as well as Noctsluca and the Ctenophores, have been preserved with suc-
cess by E. Van Beneden, by the use of a solution of osmic acid or of
picric acid. Osmic acid hardens the tissues so that fine sections can
be made, and it colors black the greasy matters, and especially myeline,
a chemical substance usually found in the nervous system, and enables
us to trace well the limits of the cells. The small jelly-fishes may be
placed in & very weak solution of osmic acid (} to 5 per cent. of
water) varying with the size of the animal, for from fifteen to tweaty-
five minutes, when the animal turns brown. This brings out clearly
the gastro-vascular canals. The specimen can then be placed in strong
alcohol, without losing its form and transparence. These animals and
all other transparent animals can be well kept in a concentrated, watery
solution of picric acid. Professor Semper tells us that all soft animals,

.worms as well as hydroids and polyps and mollusks, may be killed ex-
panded in chromic acid (1} per cent), or in acetic acid of variable
strength, and then preserved in alcohol.

Ovrass IL.—THE AcTINOZOA (Sea-Anemones and Coral
Polyps).

General Characters of Actinozoans.—So persistent is the
form and structure of the body in these animals, that a
study of the common sea-anemone will enable the student
to readily comprehend the leading and most fundamental
characteristics of the class.

The common Actinia of our coast (Metridium marginatum)
is to be found between tide-marks on rocks under sea-weeds,
or in tidal pools, but grows most luxuriauntly on the piles of
bridges. It readily lives in aquaria, where its habits may
be studied. An aquarium may be improvised by using a
preserve-jar or glass globe, covering the bottom with sand,
with a large flat stone for the attachment of the sea-ane-
mone. By placing a green sea-weed (ulva) attached to a
stone in the jar, and filling it with sea-water, the animal
may be kept alive a long time. After observing the move-
ments of the crown of tentacles as they are thrust out or
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withdrawn, specimens may be killed expanded by the grad-
usl introduction of fresh water, or by plunging them into
picric acid. They should then be transferred to the strong-
est alcohol, and allowed to soak in it for two or three days
until the tissues become hard enough to cut well. Then
vertical and transverse sections may he made with a sharp
knife. The first fact to observe is, that an alimentary canal
is much more clearly indicated than in the Hydrozoa, there
being a distinct digestive sac, separate from the body-walls,
hanging suspended from the mouth-opening, and held in
place by six partitions or septa (mesenteries), which divide
the body-cavity into a number of chambers. The digestive
sac i8 not closed, but is open at the bottom of the body,
connecting directly with the chambers, so that the chyme,
or product of digestion, passes down to the floor of the
body, and then into each of the chambers; thus, by the
movements of the cilia lining the body-cavity, the chyme,
mixed with the blood, is distributed throughout the body ;
this rade mode of circulation being the only means of dis-
tribution of the nourishment contained in the circulating
fluid, there being no distinct canals, as in the Hydrozoa.
These mesenteries may be best studied in a cross-section of
the animal after being hardened. It will be found that
there are six pairs of complete or primary septa or partitions
(mesenteries) which hold the stomach in place, and a num-
ber of pairs of shorter ones of unequal length between the
complete ones. There are never less than twelve of the
secondary partitions, even in the young, and when more
numerous they occur in multiples of six (Clark). On the
free edges of these shorter mesenteries, which do not extend
out to the stomach, there is a mass of long coiled filaments,
the mesenterial filaments (craspeda, Fig. 50, cr), which con-
tain lasso-cells, situated in a peripheral layer, while the fila-
ment is hollow and containe guanin. In dissecting the
sea-anemone these mesenterial filaments are always more
or less in the way, and have to be carefully removed so as to
expose the ovaries and adjoining parts. They press out of
the mouth and the cinclides (small openings through the
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body-walls), not always present, and end of the tentacles,
and thus come in contact with animals forming their food.
The ovaries and spermaries can be distinguished by their
forming masses of closely convoluted tubes much thicker
than the mesenterial filaments, and situated on the outside
next to the free edge of each mesentery ; they are also of a
pale lilac tint in Metridium marginatum Fig. 50, 0). They
are not easily distinguishable from each other by the naked
eye. The figure shows at the base of the body the free
edges of the mesenteries (m) of different heights, with the
spaces between them through which the chyme passes into
the body-cavity. For the com-
plete passage of the circulating
fluid the six primary mescnteries
are perforated by a large orifice
(op) more or less oval or kidney-
shaped in outline (Fig. 50). The
digestive sac is divided into two
divisions, the mouth and stomach
proper, the latter when the ani-
mal is contracted being much
shortened, and with the walls
vertically folded, as seen in the

Fig. to —Putly disgammati cut.
Wm'?"";",;‘m’ ofan Actinls  In the tentacles are lodged the
proportionately enlarged. 4 stom- Jasgo-cells or nematocysts, and
ach; m, merenleries or septa; O,
ﬂ'l:g-udc g R et the tentacles are hollow, com-
the eepta.—Drawn oy J. 8. Kingsley, municating directly with a cham-
under the author’s tion.

ber or space between the mesen-
teries, and are open at the end. When a passing shrimp,
small fish, or worm comes in contact with these tentacles,
the lasso-cells are thrown out, the victim is paralyzed, other
tentacles assist in dragging it into the distensible mouth,
where it is partly digested, and the process is completed in
the second or lower division of tho digestive canal. The
bones, shells, or hard tegument of the animals which may
be swallowed by the Actinia are rejected from the mouth

the soft parts are digested. Pigment-cells, which are
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supposed to be liver-cells, are said to be situated in the walls
of the stomach, and the mesenterial filaments have been sup-
posed to act as kidneys in taking up and excreting the waste
products of digestion, but this has not been proved and seems
improbable. The blood, or sea-water, mixed with particles
of food (““ chylaqueous fluid ’), the result of digestion, was
supposed by Williams to represent the chyle of higher ani-
mals and to contain white blood-corpuscles, but this has
been denied by Lewes (‘‘ Sea-side Studies’’) on apparent good
grounds. Bilateral or right and left symmetry is faintly in-
dicated in the young and old Actinia, as well as in some
corals, as pointed out by Clark.

‘While no true nervous system is known to exist in the
Actinozoa, Duncan has discovered in the base of the body a
plexus of fusiform ganglionic cells connected by nerve-fibres.
Isolated nerve-cells have been discovered by Schneider and
Rotteken near the pigment-cells or supposed eyes at the
base of the tentacles of the Actinia. In connection with
these nerve-cells are certain round refractive cells (Haimean
bodies) and other long cells, called the Rotteken bodies.
The former are thought by Professor Duncan to carry light
more deeply into the tissues than the ordinary epithelial
cells. This is also the case with the elongated Rotteken
cells and others similar to them, called dacilli. All these,
when brought together in this primitive form of eye,
‘“ concentrate and convey' light with greater power, so
as to enable it to act more generally on the nervous sys-
tem probably not to enable the distinction of objects, but
to cause the light to stimulate a rudimentary nervous sys-
tem to act in a reflex manner on the muscular system, which
is highly developed.”” (Duncan.)

Nearly all the Actinozoa increase by budding, new indi-
viduals arising at the base or edge of the pedal disk of the
old ones. Clark has seen in Melridium marginatum as
many as twenty buds separate from the parent sea-anemone.
“ As in Hydra they arise as simple rounded protuberances,
but in a short time six short tentacles make their appear-
ance at the free end, and a minute oblong aperture, the
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mouth, is found in their midst in such a way that its two
ends have a tentacle opposite each, and the other four dis-
posed two on one side and two on the other. Within, the
organs arise at points corresponding to the pogition of those
outside. The semi-partitions, twelve in number, begin as
mere ridges, which extend in pairs from the anterior end of
the stomach along the oral wall toward its border.”” Adult
Actini sometimes, though rarely, subdivide longitudinally,
but it is not uncommonly observed in the corals, in which
cases only the heads and stomachs divide, the general cav-
ity remaining common to the two.

The development of _4céinia mesemdryanthemum has been
traced by Lacaxe-Duthiers. The young Actinia attains
maturity without any metamorphosis. The egg is supposed
to undergo segmentation within the ovary. In the state in
which the embryo was observed by Lacaze-Duthiers it was
oval and surrounded by a dense coat of transparent conical
spinules. Soon the two primitive germi-
nal layers (ectoderm and endoderm)
were observed. Two lobes next appear
within the body ; these subdivide into
four, eight, and finally twelve primitive
lobes. This stage is represented by the
corresponding stage of the coral (Fig. 55,
B). Not until after the twelve primitive
lobes are fully formed do the tentacles

Fig. 51 -Ciliated larva  begin to make their appearance. When
ﬁ@;:l:lrt'l“l'.o) 3&313‘«? bias. the first twelve tentacles have grown out,
ey 4 e i twenty-four more arise, and so on, until
—After Metscholkof. " with s increasing size the Actinia is
provided with the full number peculiar to each species.
Lacaze-Duthiers observed the same changes in two species
of Sagartia, and in Bunodes gemmacea. Fig. 51 represents
the ciliated gastrula of an unknown polyp allied to Kalliphobe.
While Metridium and Bunodes are types of the ordinary
form of Actinoids, certain forms, like Halcampa producta
Stimpson (Fig. 52), are quite long and live fixed in the
_mud or sand. Allied to Halcampa is Edwardsia, which

-
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lives in deeper water. Its young, however, is at an early
stage of its existence a free-swimming polyp, which was
originally described as an adult animal under the name of
Arachnactis. In Zoanthus the tegument is tough and
leathery, and the different polyps are con-
nected by stolons. Epizoanthus americanus
Verrill lives in deep water, off the coast of
New Jersey and Southern New England, in
about twenty fathoms. Cerianthus, a gigantic
form, a native species of which (C. borealis
Verrill) lives at the depth of one hundred
fathoms in the Gulf of Maine deeply sunken
in the mud, where it secretes a shiny leathery
tube, is perforated at the end of the body ;
the young of a corresponding European
species is also free-swimming, like the young
Edwardsia.

The coral polyps differ from the Actinoids
in secreting in the mesoderm a limestone
base, from which arise in the Zoantharian
corals stony septa serving as a support to the
animal ; these septa are deposited or secreted
in the chambers, so that in the coral polyp
there are soft partitions alternating with the
limestone ones, the latlter ]fomlxled at the base Fig. 88 — Hal
of the polyp, not completely filling the inter- cam; oducta.
mesentg:iZIP chambers.P d & b Pl

Order 1. Zoantharia.—We will now enumerate some of
the leading forms of the first order of Anthozoa, the Zoan-
tharia, to which the sea-anemones and most of the stony
corals belong. The group is called by some recent authors
Hezacoralla, the number of primary chambers and tenta-
cles being six, the latter rounded, conical, or filiform. In
the simple cup-shaped corals, as Deltocyathus and Caryo-
phyllia, the coral forms a cup or Ztkeca, the lamellee which
arise from the base terminate in as many septa, the spaces
between which are termed loculi. A central pillar or col-
umn formed by the union of the septa, or arising indepen-
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dently, is called the columella, while the small separate pillars
between the columella and the septa are termed paluli. In
the compound or tree-like corals, each young coral polyp
forms a calicle, theca, or limestone support of its own, which
unites with the other by calcification of the connecting sub-
stance of the common body. This intermediate layer is
termed cenenchyma (Huxley).

The simpler corals consist of but a single calicle contain-
ing one polyp, as in Flabellum, Deltocyathus, and Caryo-
phyllia. They live free, fixed in the mud in deep water,
and occur in water with a temperature of about 32° Fahr.
Flabellum angulare Moseley has been dredged off Nova
Scotia in 1250 fathoms.

Deltocyathus Agassizii, which is not uncommon in the
Florida channel, at depths varying from sixty to three hun-
dred and twenty-seven fathoms, has been dredged by us at the
mouth of Massachusetts Bay, in one hundred and forty fath-
oms (temperature 39° to 42° Fahr.). An allied form is
Ulocyathus arcticus Sars, said by Duncan to be the same as
Flabellum laciniatum Edwards and Haime, a fossil of the
late tertiary, dredged by us in one hundred and fifty fath-
oms, near St. George’s Banks, Gulf of Maine.

In the family of which Oculina, the cye-coral, is a type,
the polyp stock is compound, branched, increasing by lat-
eral buds. Lophohelia prolifera Pallas (Fig. 53) occurs
in the seas of Norway, and has likewise been found to occur
on the banks off Nova Scotia and Newfoundland, while it
lives in the Florida Straits, in from 195 to 315 fathoms.

In Me@andrina, or the brain-coral, Fuvia, Astrea and As-
trangia, we have representatives of the important group
Astrmacea, in which the corallum is massive, more or less
hemispherical, and the polyp-cells or calicles are distinctly
lamello-radiate within, and generally so without. Budding
is nsually carried on by division of the disks, or by spon-
taneous fission. In Mwssa the polyps are sometimes two
inches in breadth, as large as ordinary Actinie. Diploria
cerebriformis Edwards and Haime is a brain-coral which is
commony in the West Indies and at the Bermudas, some-
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times growing to a diameter of three feet. The common
larze West Indian brain-coral is Meandrina labyrinthica.
In Astrea pallida Dana, of the Feejee Islands, the polyps
are pale, the disks bluish gray, and the tentacles whitish.
The polyps of many corals are beautifully colored. Those

Fig. 53.— Lophakelia profifera.—After Wyvillc-Thompeou.

of Astrangia Dan® Agassiz are white. In this coral, as
\ obeerved by Dana, the polyps stand prominently above the
calicles, as only their bases secrete coral. The tentacles
have minute warty prominences, each full of lasso-cells,
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This coral ranges as far north as Nantucket and Buzzard’s
Bay. In the mushroom corals, Fungia, the large corallum
is the secretion of a single polyp which may be a foot in
length. Large branching corals abound on the reefs of
Florida, the most abundant of which grows nearly two feet
high and branches out like the horns of a deer. Such is
Madrepora cervicornis Lamarck.

While agamogenesis or alternation of generations is rare
among the Actinozoa, Semper has observed two species of
Fungia which he considers to reproduce in this way. The
corals ‘“ bud out from a branched stem, and then become
detached and free, as is the habit of the genus.”” Moseley

Fig. 54.—Coral polyp (Astroides calycularis) expanded.—From Tenney's Zoology.

also describes a similar case of production of three or four
generations in a Tahitan species of Fungia.

As a good example of the mode of development of one of
the suborder Madreporaria, we will, with Lacaze-Duthiers,
study the development of Astroides calycularis Pallas.
The period of reproduction takes place between the end of
May and July, the young developing most actively at the
end of June. Unlike Actinia, which is always” hermaphro-
ditic, this coral is rarely so, but the polyps of different
branches belong to different sexes.

Asin the other polyps, including Actinia, the eggs and

™
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spermatic bodies rupture the walls of their respective glands
sitnated on the fleshy partitions. As in Actinia, Lacaze-
Duthiers thinks the fecundation of the egg occurs before it
leaves the ovary, when also the segmentation of the yolk
must take place. Unlike the embryo Actinia, the ciliated
young of the coral, after remaining in the digestive cavity
for three or four weeks, make their way out into the world
through the tentacles. The appearance of the young, when
first observed, was like that in Fig. 55, 4, being an oval,
ciliated gastrula with a small mouth and a digestive cavity.

The gastrula changes into an actinoid polyp in from
thirty to forty days in confinement, after exclusion from the
parent, but in nature in a
less time, and it probably
does mot usually leave the
mother until ready to fix
itself to the bottom.

Before the embryo be-
comes fixed and the tentacles
arise, the lime destined to
form the partitions begins
to be deposited in the endo-
derm. Fig. 55, C, shows the
twelve rudimentary septa.
These after the young polyp
or ““actinula” has become
stationary, finally enlarge ,JFiz35%-Development of a coml poitp.
and become joined to the g;l»‘jgﬂmﬂdm'lmtg g,g; Joune.
oxterr.ml walls of the cqml lc‘.i;gemmf_ And Umestono septa begin-
now in course of formation
(Fig. 55, C, ¢), forming a groundwork or pedestal on which
the actinula rests. D represents the young polyp resting
on the limestone pedestal.

Lacaze-Duthiers found that the embryo polyp which had
been swimming about in his jars for nearly a month, snd-
denly, within the space of three or four hours after a hot
gsirocco had been blowing for three days, assumed the form
of small disks (Fig. 55, B), divided, as in the Actinia, into
twelve small folds forming the bases of the partitions within. Vail
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The tentacles next arise, being the elongation of the
chambers between the partitions, six larger and elevated,
six smaller and depressed (Fig. 55, D). The definitive form
of the coral polyp is now assumed, and in the Astroides it
becomes a compound polypary.

There are but few facts regarding the rate of growth of
corals. Pourtales states that a specimen of Meandrina
labyrinthica, measuring a foot in diameter and four inches
thick in the most convex part, was taken from a block of
concrete at Fort Jefferson, Tortugas, which had been in the
water only twenty years. Major E. B. Hunt calculated
that the average growth of a Meandrina observed by him
at Key West was half an inch a year. From the observa-
tions and specimens collected by Mr. J. A. Whipple, as
stated by Verrill, a Madrepora found growing on the wreck
of the Severn grew
to a height of sixteen
feet in sixty-four
years, or at the rate
of three inches a
year.

The group Rugosa
of Milne-Edwards
T8 3050, Horlotyle pradess ;b el s nd Haimo contain

a large number of
paleozoic corals, which are mainly characterized by having
four primary septa, the number in most living corals being
six ; and also by intracalicinal gemmation, which also occurs
in g few Caryophyllids and Oculinids.

Pourtales has doubtfully referred to this group his Haplo-
phyllia paradoxza (Fig. 56) which inhabits the Florida
Straits at a depth of over three hundred fathoms. The
nearest known fossil ally of this interesting coral is Calo-
phyllum profundum Germ., which is fossil in the Dyas for-
mation. Duncan describes Guynia annulata, another deep-
sea coral, as a recent Rugose tetrameral coral. Moseley
suggests from a study of Heliopora, together with Crypto-
helia and other Stylasteride, that ‘‘ the marked tetrameral
-.r::ngement of the septa in Rugosa, and the presence in

B
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many forms of tabulw, are certainly characters not opposed
to the alliance of these corals with the Alcyonarians,”” and
gives other reasons of importance in favor of this view.

The group of Antipathea, represented by Antipathes ar-
borea Dana, of the Feejee Islands, produce compound
groups by budding, growing in the form of delicate shrubs.
The polyps have usually six tentacles, though in Gerardia
they have twenty-four.

Order 2. Alcyonaria.—To this group of polyps, which
have eight serrated or feathered tentacles, belong the red
coral of commerce, the sea-fans and sea-pens, in which there
are no calcareous septs, and in which the corallum has, as in
the sea-fans and sea-pens, a bony axis, while the fleshy por-
tion (cenosarc) represents the mesoderm and is filled with
calcareous spicules.

. In the genera Haimea, Alcyonium, Tubipora, etc., the
polyps are encrusting, budding out in different ways, and
adhere to foreign bodies by the cenenchyma. Haimea is
simple, consisting of but a single polyp. In Aleyonium
the cenenchym is much developed, soft, lobulated, and
branching. Our common species is A. carneum Agassiz.
In Tubipora the polyps are compound and secrete solid
calcareous, bright red tubes, arranged side by side, like the
pipes of an organ, and supported by horizontal plates.

In the common red coral (Corallium rubrum) of the
Mediterranean Sea, the solid, nnjointed coral-stock consists
of a crystalline.basal mass, with calcareous splcules solidly
united. The bright red coral is worked into various orna-
ments. The coral fishery is pursued on the coasts of Algiers
and Tunis, where assemble in the winter and spring from
two hundred to three hundred vessels. The coral-fishermen,
with large rude nets, break off the coral from the submerged
rocks. About half a million dollars’ worth of coral is annu-
ally gathered.

. Heliopora, now proved by Mr. H. N. Moseley to be an
Alcyonanan instead of an Actinoid polyp, differs- from
Corallium and Tubtpora “in that the hard tissue of its
corallum shows no signs of being composed of fused spio-
ules.”” This genus, together with Polytremacis and the
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Silarian Heliolites, form, according to Moseley, a new
family of Alcyonarians in which the corallum consists of an
abundant tubular cenenchym, with calicles having an
irregular number of psendo-septa, which do not, however,
correspond with the membranous mesenteries. The polyps
are completely retractile, with the tentacles when retracted
introverted. The mouths of the sacs lining the cenenchy-
mal tubes are closed with a layer of soft tissue, but com-
municate with one another and with the calicular cavities
by asystem of transverse canals (Moseley). Heliopora cosru-
lea grows on coral reefs at the Philippine Islands and at
Singapore.

In the family of sea-fans (Gorgonidm) the coral-stock is
horny or calcareous, branching tree-like, or forming a flat
network. The short calicles of the single retractile polyps
stand perpendicularly to the axis, communicating by longi-
tudinal vessels and branching canals. Gorgonia (Rhipigor-
gia) flabellum Linn. is red or yellow and abundant on the
Florida reefs. In the Arctic seas and the deeper, colder
waters of the Newfoundland Banks and St. George’s Banks,
Primnoa reseda (Pallas) and Paragorgia arborea (Linn.)
grow ; the latter being of great size, the stem as thick
through as one’s wrist, and the whole corallum over five feet
in height. .

In the family of sea-pens (Pennatulidm) the polyp-stock
is free, growing in the sand or mud, usually with a bony
axis supporting the polyps, and capable of moving at the
base. In Pennatula, or the sea-pen, there are secondary
branches in which the polyps are situated ; this polyp is
phosphorescent ; one species (P. aculeata Danielssen) lives
in deep water. An Arctic form, Umbellularia groenlandica,
is a gigantic form, growing about four feet high, in from
three hundred to two thousand fathoms. The species of
Renilla are kidney-shaped, with the polyps placed on one
side. Renilla reniformis Cuvier is a rich purple species,
occurring in the sand at Charleston, 8. C. According to
Agassiz, this animal is remarkably phosphorescent, cmitting
““a golden green light of a most wonderful softness.”’

While coral reefs are in part composed of Alcyonarians,

*
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Polyzoa, and certain plants called Nullipores, the Madrepo-
raria in the main are the true reef-builders. They are con-
fined to waters in which through the coldest winter month

the temperature of the water
does not fall below 68° F.,
though usually the waters are
much warmer than this, the
mean annual temperature be-
ing about 734° F. in the North
Pacific and 70° F. in the
South. Coral reefs are abun-
dant in the West Indies, but
still more 8o in the Central
Pacific, where there are a
much greater number of spe-
cies of corals (Dana). Along
the Brazilian coast, as far
south as Cape Frio, are coral
reefs (Hartt). In depth living
coral-reef-builders do not ex-
tend more than fifteen or
twenty fathoms below the sur-
face.

Coral reefs are divided by
Dana into outer or barrier
reefs (Fig. 57) and inner reefs.
The barrier reefs are formed
from the growth of corals ex-
posed to the open seas, while
the inner or fringing reefs
(Fig. 57) are formed in quiet

water between a barrier reef :

and the island. As coral
recfs are usually built npon
islands which are slowly sink-
ing, barrier reefs are simply
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ancient fringing reefs formed when the island stood higher
above the sea, hence they are built up as rapidly as the land
sinks, and thus the top of the reef keeps at the level of
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the sea. The reefs are often of great thickness, for, as
Duana says, ** could we raise onc of these coral-bound islands
from the waves, we should find that the reefs stand npon

Fig. 88.—Coral lsland or atoll.—From Brehm's Thicrleben,
Fig. 50.—Scction of a reef.—From Brehm's Thicrleben.

submarine slopes, like massy structures of artificial
; some forming a brond flat platform or shelf
nd the land, and others encircling it like vast

Digitized by GOOg[C
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ramparts, perhaps a hundred miles or more in cirenit.”’
Darwin has estimated that some reefs in the Pacific Ocean
are at least 2000 feet in thickness.

Thus far we have spoken of reefs surrounding mountainous
islands ; coral islands or afolls (Fig. 58) resemble snch reefs,
except that they surround a lako or lagoon instead of a high
island, the coral island itsclf being seldom more than ten or
twelve fect above the sea, and usually supporting a growth of
cocoanut trees, while the sea may be of great depth very near
the outer edge of the atoll, which ¢“ usually seems to stand as
if stilted up in a fathomless sea >’ (Dana). These reefs and
atolls are formed and rzised above tho sea by the action of
the winds and waves, in breaking up the living corals,
comminuting ‘it and forming with the débris of shells and
other limestone-secreting animals and plants, banks or de-
posits of coral mixed with a chalky limestone, as the base of
the reef. When it rises above the waves, cocoanuts and other
seeds are caught and washed up on the top, and gradually
the island becomes large enough to support a few human
beings. The Bermudas are the remnants of a single atoll,
and are situated farther from the equator than any other
reefs. Most barrier reefs and coral islands or atolls are
formed in an area of subsidence, where the bottom of the
ocean is gradually sinking ; this accounts for the peculiar
form and great thickness of many reefs. On thé other
hand, the coral reefs of the West Indies are, generally
gpeaking, in an arca of elevation.

A section of a coral reef is shown by Fig. 59: » is the point
where the shore slopes rapidly down within the lagoon
(which lies to the right), and m is where the reef suddenly
descends toward the open ocean. Between & ¢ and d ¢ lies
the higher part of the reef. The shore toward the lagoon
slopes away regularly from d to » ; while toward the open
ocean there is a broad horizontal terrace (a to b ¢) which
becomes uncovered at low water.

The theory of the formation of barrier reefs is shown by
the diagram, Fig. 60. The island, for cxample, the volcanic
island Coro, which is slowly sinking, at the ancient sea-level
I is surrounded by a fringing recf f f, a small rock-terrace
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at the former level of the sea. Where the island has sunk to
the lovel of the water-line II, the reef appears at the sar-
faco us at &' f, b f. 'There is now a fringing and a barrier
reef, with a narrow canal between them ; &' is a section of
the barrier reef, e' of the canal or lagoon, and f’ of the
fringing reef. After a farther submergence to the sea-level
111, tho canal ¢’ becomes much wider. On one side (f f)
tho reef is present, on the other side it has disappeared, ow-
ing to the agoncy of ocean-currents. Finally, at the water-
lovel IV, there are two small islands surrounded by a wide
lagoon, with two reef-islets ¢, ¢'’, resting upon two sub-
marine peaks. The coral reef has now grown to great di-
mensions, and covered almost the entire original island,
and though the reef-building coral polyps cannot live below

‘m 'no . ST )"’
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Fig. 00.—8chematic section of an island with reefs.

a-point fifteen or twenty fathoms below the surface, yet ow-
ing to the slow sinking of the islund, they build up the
reef as rapidly as the former subsides, and in this way after
many centuries a coral reef sometimes two thousand feet
thick may be built up in mid-ocean.

Semper has called attention to the influence of ocean
currents, and their varying strength and direction, in shap-
ing the forms of coral islands and reefs ; and Moseley holds
nearly the same view ; neither of these authors accepts the
theory of subsidence.

Coral reefs are mainly confined to the Western and Cen-
tral Pacific and the Indian Oceans, and to the Caribbean
Sea. None occur on the west coast of North America or of
Africa, and only limited patches on the eastern coast of
South America. There were pal®ozoic recfs, such as the
fossil coral reef extending across the Ohio River at Louis-
ville.

s
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Crass II.—THE ACTINOZOA.

Calenterates with a digestive sac partially free from the body-cavity open-
$ag into it below and held in place by siz or eight mesenteries radiating from
the digestive cavily and dividing the perivisceral space into chambers. Mouth
surrounded with a cirde of tentacles, which are hollow, communicaling di-
recily wwith the porioisceral chambers. A slightly marked bilateral symmetry.
To the edges of the mescnieries (usually the frec ones) are attached the repro-
ductive glands, both male and female, or of one sex alone ; also the eraspeda,
or mesenteriul filaments, which conlain a large number of lasso-cells. Body
either entirely fleshy, or secreting a calcarsous or horny coral-stock, und
when the species is social connecled by a cenenchyme. In some forms (sea-
pens) the entire colony capable of limited locomotion. No well-marked
nervous system, but a plexus of fusiform ganglionic cells connected by nerve-
fdres in the base of Actinians. Reproduction by self division, gemmation,
or by ova, the sexes being separate or united in the same individual ; the
young undergoing a morula and gastrula condition, and then becoming

Order 1. Zoantharia.—Mesenteries and tentacles usually six or in mul-
tiples of six, corallum with calcareous septa. Mesenterial fila-
ments abundantly developed (Astreea, Madrepora, Actinia).

Order 2. Aleyonaria.—Mesenteries and tentacles always eight in num-
ber. Coral-stock without true septa. Mesenterial fila-
ments not usually numercus. Corallum usually horny, and
the whole colony in the Pennatulacea capable of locomo-
tion (Alcyonium, Gorgonia, Pennatula, Renilla).

View oF THE CLASSIFICATION OF THE ACTINOZOA,

Alcyonaria.
(Alcyonium.)
Zoantharia,
(Actinia.)

o

ACTINOZOA.

Laboratory Work.—Verrill has preserved Actinie completely ex-
panded by slowly adding a saturated solution of picric acid to a small
quantity of sea-water in which they had expanded. When dead they
should be transferred to a pure saturated solution of the acid, and
allowed to remain for from one to three hours, according to size, ete.
They should then be placed in alcohol, which should after a day or two
be renewed. Thus hardened they can be cut into sections. Corals
can be studied by grinding or sawing sections, and, if desirable, treated
as in the case of the corallum of the Millepores. ,-f

‘
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Crass 1IL.—CTENOPHORA (Comb-bearers).

General Characters of Ctenophores.—These beautiful an-
imals derive their namo Clenophora, or ‘‘ comb-bearers,”’
from the vertical rows of comb-like paddles (ctenophores)
situated on meridional bands of muscles which serve as lo-
comotive organs, the body not contracting and dilating as
in the true jelly-fishes. In their organization they are
more complicated than the Acl/inozoa, as they have a true
digestive cavity passing through the body.cavity, with two
posterior outlets (it will be remembered
that Cerianthus has one at the end of
the body). From this alimentary canal
are sent off chymiferous or water-vascu-
lar canals (Fig. 61) which correspond in
their mode of origin with the water-
tubes of the Echinoderms. As regards
the rows of paddles, cach vertical row
consists of & great number of isolated,
transverse, comb-like fringes placed one
above the other, and movable, either
igolatcly or in regular succession or
simultaneously (Agassiz). As these rows
J % of paddles are connected for their whole

Piz. 81— View of e 1€D8tH With a chyn}ifeyous tube, they
uetro-vascular canals of a - probably aid in respiration. These ani-

eurobrachia, from which . .
the two retractile arms mals also stand much higher in the scale
from one side, the month- of life than the other Ceelenterates by
o e oncathend. oo being more truly bilateral, the radial
After Gegenbaur. symmetry so marked in the Actinia or
in the jelly-fish being in these animals less apparent, as the
parts are developed on opposite sides of a median plane.
The nervous system, as originally described by Grant, con-
sists of a ganglion situated at the aboral end (end opposite
to the mouth) of the Pleurobrachia, from which, among
other nerves, eight principal ones are distributed to the
eight rows of paddles. A nerve also proceeds to the so-
called otolitic snc (lithocyst) scated upon the ganglion.
Eimer hus lately shown that the nervous system of the
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Cténophora, as, for example, that of Beroé, agrees in general
with that of the jelly-fishes, with the difference that in the
Ctenophores the nerve-centres are not situated on the edge,
but at the pole of the body opposite the mouth. On the
other hand, the nervous system is not radiated as in the
jelly-fishes or as in the Echinoderms.

Our commonest example of this class is the Pleurobrachia
rhododactylas Agassiz. It is a beautiful animated ball of
transparent jelly moving through the water by means of
eight rows of minate paddles, throwing out from a sac on
cach side of the body two long ciliated tentacles. It is
abundant in antumn ; sometimes thousands may be seen
stranded on the shore at low watcr.

That the Ctenophores have affinities to the sea-anemones
(Actinozoa) is seen in the form and relations of the diges-
tive tract, though it differs in hanging free, not being held
in place by radiating mesenteries, and in this respect they
approach the Echinoderms. From their possessing a dis-
tinct digestive tract, the Ctenophores need not be confounded
with the jelly-fishes (Hydrozoa). On the other hand, they
present some advance over the Acfinozoa, and in some
respects connect the Hydrozoa and Actinozoa with the
Echinoderms. For example, the water-vascular system
arises in the Ctenophores as outgrowths from the digestive
sac, a8 they do in the young star-fish and sea-urchins. This
indicates that in the mode of development of both the di-
gestive tract and the water-vascular system the Ctenophores
are allied to the Echinoderms rather than to the Hydrozoa,
in which the water-vascular tubes arise as simple hollows in

the body-mass. Moreover, they are less radiated than in
the Hydrozoa or Echinoderms. ¢

In Bolina alata Agassiz the body is plainly bilateral and

the water-vascular tubes are very distinct. In Idyia roseola
Agassiz the month is large, the stomach wide, and the
body is of an intense roseate hue. This beautiful species after
death, late in summer, i3 very phosphorescent ; all Cteno-
phores, however, even their eggs and embryos, are phospho-
rescent. In the Ctenophores the ovaries and spermaries occur
in the same individual and form blind sacs attached to the
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water-vascular tubes, and are developed locally, asin Cesttem,
or along the whole length of the tubes, the sexually-differ-
ent glands being placed in Beroé and allies on opposite
sides of the tube.

When ripe the eggs pass into the perivisceral space, and
finally pass out through the openings of the body. The
eggs of Pleurobrachia cscape singly ; in Bolina they are
laid in strings, while those of Idyia are deposited in a thick
slimy mass. They spawn late in the summer and in the
autumn. The young develop in the autumn, becoming
nearly mature in the following spring. Development is di-
rect, the young hatching nearly with the form of the adult,
there being no metamorphosis.

The species are widely distributed, a number being com-
mon to both sides of the Atlantic, and the same specics, ap-
parently, of Pleurobrachia and Idyia occur on the east and
west coast of North America. The most widely distributed
forms are the Beroids. While the genus Merfensia is en-
tirely arctic, the larger number of species are either tropi-
cal or subtropical. The classification of the group isshown
in the following summury.

Crass 11I.—-CTENOPHORA.

Spherical or oval, somewhal biluteral, scareely radiated animals, with
Jelly-like, transparent bodies. The digestive tract opens at the posterior
end into the perivisceral carily ; from the canal pass off eight waler-vas-
cular tubes, which are in close relation with eight vertical meridional series
of comb-like locomotive organs. Usually a pair of tentacles, which may
become withdrawn infh sacs, and are provided with thickset lasso-cells on
the tentacular fringes. Nervous system consisting of an aboral ganglion,
sending off eight nervous filaments to each of the eight rows of paddles.
The sexrual glands seated in the same individual. No melamorphosis,
the young when hatched resembling the adull.

Order 1. Eurystomez.—Body oval, with a large mouth and capacious
stomach. The water-vascular tubes connected with the
ctenophores, and forming numerous ramifications, commu-
nicating by mecans of a circular canal near the mouth

wm (Berot, Idyin).

a
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Order 2. Saccate.—Body more or less spherical, with two long tenta-
cles capable of being wholly retracted in a sac (Pleuro-
brachia).

Order 3. Taniata.—Body ribbon-like, being very much compresqed in
the direction of the lateral diameter (Cestum).

Order 4. Lobate.—Body lateral, compressed, bilobed (Bolina).

ViEw OF THE CLASSIFICATION OF THE CTENOPHORA.

Lobata.
(Balina.)

Trniata.
tCestum.)

Saccata.
(Pleumhlrachh.)

Euﬂylh)

CTENOPHOKA.

Laboratory Work.—The Ctenophore should be studied while alive,
They may be collected with a drag or tow-net from a boat when the
surface of the ocean is calm. For studying the fine anatoiny and
tissues they should be treated by the same methods as the smaller jelly-
fishes,




CHAPTER 1V,

BRANCH IV.—ECHINODERMATA (STAR-FIsH, SEA-
URCHINS, SEA-CUCUMBERS, ETC.)

General Characters of Echinoderms.—We now come to
animals of much more complicated structure than any of
the foregoing branches, and in which the radiated arrange-
ment of the parts of the body is in most cases as marked
as the jointed or ringed structure of worms or insects ; for
not only are the body-walls of the star-fish or sea-urchin, or
even many of the Holothurians (though less plainly), di-
vided into five wedge-shaped portions (spheromeres), or pro-
duced into five arms a8 in the common star-fish or five-
finger, but the nervous system, the reproductive organs,
the blood and water-vascular systems, and the locomotive
appendages of the latter, are usnally arranged in accordance
with the externally radiated form of the body. Still these
animals are in many cases, a3 in the higher sea-urchins,
plainly bilateral, while in the larval forms of all Echino-
derms whose development is known the young are not
radiated, but more or less bilateral, asin the larve of worms
and mollusks. The most trenchant character, however,
geparating the Echinoderms from the Cmlenterates, and ally-
ing them to the worms, is the genuine tube-like digestive
canal which lics free in the body-cavity (perivisceral cavity),
and may be several or many times the length of the body.

-The student can gain a correct idea of the general struc-
ture of the Echinoderms from a careful examination of the
common star-fish (A4sterias vulgaris Stimpson), which is the
most common and accessible Echinoderm to be found on the
New England shores. After placing a star-fish in some sea-
water and noticing its motions, the thrusting out of the am-
bulgeral feet or suckers by which it pulls or warps its clumsy

—
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body over the mussel-beds, or rocks, or weeds, the arms
being capable of slightly bending ; after observing the red
eve-spot at the end of each arm or ray, and the movements
of the numerous spines which are attached to the separate
plates forming the calcareous framework of the body-
walls, and examining the movements of certain modified
spines called pedicellari@, which are pincer-like bodies situ-
ated among the spines, the student will be ready to study
the external and internal anatomy.

First, as to the calcareous framework of the star-fish.
In order to study this, a transverse section should be made
through an arm, and a vertical one through the body and
along the middle of a single arm, and finally the animal
should be divided into two halves, an upper and lower. It
will then be seen that the calcareous framework or so-called
skeleton consists of a great number of limestone plates or
pieces attached by a tough membrane and covered by the
skin. Between theplates are spaces by which the water enters
the body-cavity through the skin. These plates are arranged
s0 as to give the greatest strength and lightness to the body.
There is also to be seen an oral (actinal) side on which the
mouth ig situated, and an aboral (abactinal) side, the re-
spective limits of which areas vary greatly in the different
groups of Echinoderms. Each arm or ray is decply chan-
nelled by the ambulacral furrow containing four rows of
suckers or ‘‘ambulacral feet,”” which are tentacle-like
protrusions of the skin growing out through orifices in
the ‘ambulacral plates, and are a continuation of the water-
gacs or ‘“ampulle’’ within. The madreporic plate is a
flattened hemispherical body situated on the disk between
two of the arms. Tt is perforated by canals.

We are now ready to examine the internal organs and to
study their relations to one another and to the body-walls.
The nervous system may be seen without dissection. By
closely examining the mouth a pentagonal ring is seen sur-
rounding it, each angle slightly enlarging* and sending off

# Owfsiannikoff states that the nervous ring is a flat band, con-

taining no swellings or ganglia, and not differing in structure from the
ambulacral nerves, which latter possess nerve-cells as well as fibres.
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a nervous cord to the cye at the end of the ray. It may be
discovered by pressing apart the ambulacral feet along the
median line of each arm. Fine nerves are sent off to each
sucker, passing through the opening between the calcareous
plates and extending to each ampulla, thus controlling the
movements of the ambulacral feet.
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Fig. 63.—Longitudinal section through the body and one arm of Aslerias vwigaris.
m, mouth; &, stomach; {, lobe of stomach cxtending into the arm; a, anus ; »r, ner-
vous ring ; n, radial nerve ; vr, water-vascular ring, sending a veasel (v) into the
arm ; mp, madreporic plate ; £, stone canal ; A, heemal canal ; ov, oviduct ; o, ovary:
am, ampulle, the ambul 1 fect proj _lng\:elow; b, ceeca or liver.—Drawn
A. F. Gray, under author’s direction.

The mouth (Fig. 62, m) is capacious, opening by a short
asophagus into a capacious stomach (Fig. 62, &) with thin
distensible walls, and sending a long lobe or sac (Fig. 62, /)
into the basc of cach arm ; each sac is bound down by two
retractor muscles attached to the median ridge lying be-
tween the two rows of water-sacs (ampulle, see also Fig. 63).

Fig. 63.—Diagram of the croas-section of an arm. A, of Asterias rudens ; B. of
Ophiura texturata ,'fz. b al feet : p/, ampulle ; ¢, dermal tentaclen ; », nervous
cords ; w,ambulacral plates ;: m, masclen : a. ambulacral vein : 3, ventral plate ; ¢, Jat-
eral plates; d, doreal plate ; £, calcified portion of the integument.—After W. Lange
from Gegenbaur,

The stomach ends in a short intestine, the limits between
the two not distinctly eeen. The intestine suddenly con-
tracts and ends in 4 minute rectum situated in an angle
between two of five fleshy ridges radiating from the centre
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of the aboral disk. The anus (Fig. 62, @) is minute and
dificult to detect, being situated between the short spines,
and is evidently not used in the expulsion of feecal matter
unless the urinary secretions, if there be such, pass out of
it. It would seem us if the opening were rudimentary and
that the star-fish had descended from Echinoderms like the
Crinoids, in which there is a well-marked external terminal
opening of the digestive tract. Appended to the intestine
are the “‘ ceeca ”’ or “‘liver ”” (Fig. 62, 3), consisting of two
long, tree-like masses formed of dense branches of from
four to six pear-shaped follicles, connecting by a short duct
with the main stem. The two main ducts unite to form a
short common opening into the intestine. The ceca are
uzually dark, livid green, and secrete a bitter digestive
fluid, representing probably the bile of the higher animals.

The star-fish is bisexual, but the reproductive glands are
much alike, the sexes only being distinguishable by a micro-
scopic examination of the glands. The ovaries (Fig. 62, o)
are long racemose bodies lying along each side of the in-
terior of the arms, and the eggs are said to pass out bya
short narrow oviduct (ov) through an opening between two
plates on each side of the base of the arms, the opening be-
ing emall and difficult to detect.

The water-vascular system consists of the madreporie
body, the ¢‘ stone-canal >’ (Fig. 62, ¢), the ring or circumoral
canal (vr), and the radial vessels (v) ending in the water-
sacs (am) and ambulacral feet. The stone-canal begins
st the outer and under side of the sieve-like madreporic
body, passing directly forward and downward in a sinuous
course to the under side of the circumoral plates. The
madreporic body (m¥b) is externally seen to be perforated by
linear apertures radiating and subdividing toward the pe-
riphery. The sea-water in part enters the body-cavity
throngh the fissures in the madreporic body, while most of
it enters the stone-canal, which is a slender tube scarcely
one fourth the diameter of the entire madreporic body.
The water entering the stone-canal (Fig. 62, ¢) passes di-
rectly into the water-vascular ring (Fig. 62) and then into
the ten Polian vesicles and the five radial canals, whence
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it is conveyed to each water-sac or ampulla (Fig. 62, am).
These pear-shaped water-sacs, when contracted, are supposed
to press the water into the long slender suckers or ambulacral
feet, which are distended, elongated, and by a sucker-like ar-
rangement at the end of the prehensile foot act in conjunc-
tion with the others to warp or pull the star-fish along.
Besides locomotion the ambulacral feet serve for respiration
and perception (Simroth). Hoffman shows that the feet
of the sea-urchins can be projected or thrust out without
the aid of the ampulla.

It will thus be seen that the water-vascular system in the
star-fish is in its functions partly respiratory and partly
locomotive, while it is in connection with the vascular sys-
tem, and thus partly aids in circulating the blood and
chyle.

Of the true vascular or blood system the student can ordi-
narily only discover one portion, the so-called ‘‘ heart ’’ or
¢ pulsating vessel,”” which we may call the heemal canal (Fig.
62 k), and which runs parallel to the stone-canal from the
madreporic body to near the ring-canal.®* It is nearly as
large as the stone-canal, slightly sinuous, muscular, and with
the latter is surrounded by a loose investing membrane like
a pericardium. Some obgervers deny the existence of a vas-
cular (sometimes called ‘‘ pseudohemal ’’) system, but it has
been recently studied by Hoffman and subsequently by Teu-
scher, who maintains that in all Echinoderme there are two
systems of blood-vesscls, which belong, one to the viscera and
the other to the nervous system, forming an oral or nervous
ring and an anal ring. The two rings are in direct com-
munication in the star-fishes, Ophiurans and sea-urchins,
but not in the Holothurians. The radial nerves are ac-
companied by a vessel which subdivides and distributes
branches to the ambulacral feet in star-fishes, Echini, and
Holothurians. Teuvscher considers that the ‘‘ heart >’ found
in the star-fishes and Echini connecting the msophageal (or
nerve-ring) and anal ring, is neither a gland nor a pulsating
vessel, as different authors have supposed, but perhaps only

* Simroth states that in Ophiurans (Ophiactis) the stone-canal opens
in common with the ‘‘ heart”” into the madreporic plate.
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a relict of an earlier period of development. In the Ophi-
urans the oral canal opens directly into the body-cavity ;
in Echinothriz directly connects with the outer world by
means of the interradial canals. Finally, he regards the
nervous vessel as homologous with the ventral vessel of the
worms. ,

Having made ourselves acquainted with the general struc-
ture of the Echinoderms. as exemplified in the star-fish, we
are prepared to study the modifications of the Echinoderm
plan in the different classes.

B ———

Crass I.—CRINOIDEA (Stone-lilies, Encrinites, etc.)

Order 1. Brachiata.—The living representatives of those
Crinoids which lived in paleozoic and early mesozoic
times are few in number, and for the most part live in deep
water, or, as in the case of Rhizocrinus and its living allies,
at great depths. They are like Limulus and Nebalia, rem-
nants of an ancient fauna. There are but eight genera
known—viz., Holopus, Rhizocrinus, Bathycrinus, Hyocri-
nus, Pentacrinus, Comaster, Actinometra, and .Antedon
(Comatula). Of the first five genera the species are attached

“by a stalk to the sea-bottom, while the last three genera are
in their young state stalked, but finally become detached.
The body of calyx divides into arms bearing pinnule or sub-
branches.

The Pentacrinus lives attached to rocks from twenty to
thirty fathoms below low-water mark in the West Indies.
The stem is about a foot long, the joints pentagonal. send-
ing off at intervals whorls of unbranched cirri. “‘ No dis-
tinct basal piece is known, but the calyx appears to begin
with the first five radialia ”” (Huxley). Pentacrinus ca-
put-meduse Miller (Fig. 64) and P. Muallers Oersted are
West Indian species. P. Wyville-Thompsoni Jefireys was
dredged in deep water on the coast of Portugal. In the
fossil P. subangularis the stalk was more than fifty feet long.
Bathycrinus gracilis Wyville-Thompson is closely allied
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to Rhizocrinus, and was dredged in the Bay of Biscay at
the depth of 2435 fathoms. B. Aldrichianus occurred in
1850 fathoms, latitude 1° 47' N., longitude 24° 26' W., off
the coast of Brazil. With it and also near the Crozet
Islands occurred the interesting Hyocrinus Bethellianus
Wyville-Thompson, which bears in some points resemblance
to the palmozoic genus, Platycrinus.

o o e pap, o™ eisei B, calyx sk soon from

The most widely distributed species is the Rhizocrinus
lofotensis of Sars (Fig. 65), which is closely related to the
Bourguetticrinus of the chalk formation, and forms the
transitional type connecting the Apiocrinide with the
free-moving, unstalked Anfedon. It occurs at the depth of

%
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from one hundred to
one thousand fathoms
in the North Atlantic
and Floridan seas,
and is a characteristic
member of the abyssal
fauna. This crinoidW
consists of a jointed
stalk, a cup-shaped
body (calyz), from
the edge of which
from five to seven
(the number varies)
arms (brachia) radi-
ate, which subdivide
into a double alter-
nate series of pin-
nule. The mouth is
situated in the centre,
while the anus is situ- -
ated on a conical pro-
jection on one side of
the oral disk, between
the bases of two of
the arms. R. Raw-
soni Pourtales occurs
in from eighty to one
hundred and twenty
fathoms at Barba-
does.

In Holopus, ashort,
stont form with no
trne stalk, but at-
tached by abroad en-
crusting base, there
arc ten arms originat-
ing from five axial

joints. ‘‘ When con-

—Rhizocrinus lofotensis & twi natural
tracted the arms are slz?‘—l—After Wyville 'l'hnn?;rmon ars. twice
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rolled in a spiral and press laterally against one another so
as to enclose a hermetically closed cavity.”” The pinnules
are formed of broad flat joints, and are *‘ rolled spirally to-
ward the ambulacral channel of the arms when contracted ”’
(Pourtales). The only specics yet known is H. Rangii
D’Orbigny, from Barbadoes.

In Antedon (Comatula) the body is at first stalked, but
afterward drops off, when it represents the calyx and arins
of the ordinary Crinoids. It thus passes througha Rhizo-
crinus condition, showing that it is a higher, more recent
form. The mouth opens into a short, broad cesophagus,
and a wide stoinach which makes 4 turn and a half, ending
in the anal cone placed between the base of two of the arms.
Within the five triangular plates is a circle of tentacles.
From the space between each pair of oral plates the ambu-
lacral grooves radiate to the arms and their branches. H.
Ludwig maintains that Anfedon possesses a true water-vas-
cular system formed on the typical Echinoderm plan ;
there being a ring-canal, with radial vessels arising from it.
The tentacles of the perisome are connected with the ring-
canal, and the tentacles of the arms and pinnuls are con-
nected with the radial vessel. Ludwig has also discovered
in Anfedon a system of blood-vessels (‘‘ pseudo-hemal >’
system) consisting of an oral ring-canal and five vessels
radiating from it, which send branches to the tentacles, as
in Asterias. He also detected a “‘ dorsal organ,’”’ which
he, contrary to Perrier and P. H. Carpenter, considers to
be the central organ of the whole system of blood-vessels.
Both Ludwig and Carpenter, however, regard it as homolo-
gous with the so-called ‘‘heart’’ or heemal canal of Echini
and Asterias.

The nervous system consists of an oral ring with branches
extending into the arms.

The body-cavity extends into the arms, and the ovaries
for the most part lie in the cavity of the arms, as in Asterias.

The internal anatomy of Rhizocrinus has been investi-
gated by Ludwig, who finds that it agrees very closely with
that of Antedon. The water-vascular system, nervous sys-
tem, alimentary canal and its appendages, have tho same

Bl



DEVELOPMENT OF CRINOIDS. 105

relations as in the unstalked Crinoids (Anfedon and Actin-
ometra), only they are on a simpler plan, there being a
close similarity between Rhizocrinus and the pentacrinoid
stage of A ntedon.

The ovaries of Antedon open externally on the pinnules
of the arms, while there is no special opening for the prod-
ucts of the male glands, and Thompeon thinks that the
spermatic particles are ‘ discharged by the thinning away
and dehiscence of the integument.”” The ripe eggs hang
for three or four days from the opening like a bunch of
grapes, and it is during this time that they are fertilized.
The following account is taken (sometimes word for word)

68.—Development of a Crinold (Anfedon). A. momila; I, frec larva, with
&Mcﬂh; C, young crinoid.—After Wyvﬂlc-‘l‘gwmpson. !

from Wyville-Thompson’s researches on Antedon rosaceus
(Fig. 67) of the European seas. In the first stage the egg
undergoes total segmentation (Fig. 66). A represents the
egg with four nucleated cells, an early phase of the mul-
berry or morula stage. After the process of segmentation
of the yolk is finished, the cells becomoe fused together into
3 mass of indifferent protoplasm, with no trace of organiza-
tion, but with a few fat cclls in the centre. This pro-
toplasmic layer becomes converted into an oval embryo,
whose surface is uniformly ciliated. The mouth is formed
with the large cilia around it before tho embryo leaves the
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egg. When hatched, the lurva is long, oval, and girded
with four zones of cilia, with a tuft of cilia at the end, a
mouth and anal-opening, and is about eight millimnetres
long. The body-cavity is formed by an inversion of the
primitive layer which seems to correspond to the ectoderm.
Within a few hours or sometimes .days, there are indica-
tions of the calcareous areolated plates forming the cup of
the future crinoid. Soon others appear forming a sort of
trellis-work of plates, and gradually build up the stalk, and
lastly appears the cribriform basal plate. Fig. 66, B, c, rep-
resents the young crinoid in the middle of the larva, whose
body is somewhat compressed under the covering-gluss.

Fig. 67.—Antedon, stalked und free.—From Macallister.

Next appears a hollow sheath of parallel calcareous rods,
bound, as it were, in the centre by the calcareous plates.
This stalk (B, c) arises on one side of the digestive cavity
of the larva, and there is no connection between the body-
cavity of the larva and that of the embryo crinoid.

Two or threo days after the appearance of the plates of
the crinoid, the larva begins to change its form. The
mouth and digestive cavity disappear, not being converted
into those of the crinoid. The larva sinks to the bottom,

resting on a sea-weed or stone, to which it finally ad-
The Pentacrinus form is embedded in the larval body

h
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(the cilia having disappeared), now constituting a layer of
protoplasm conforming to the outline of the Antedon.

Meanwhile the cup of the crinvid has been forming. It
then assumes the shape of an open bell ; the mouth is
formed, and five lobes arise from the edges of the calyx.
Afterward five or more, usually fifteen tentacles, grow out,
and the young Antedon appears, as in Fig. 66, C. The
walls of the stomach then separate from the body-walls.
The animal now begins to represent the primary stalked
stage of the Crinoids, that which is the permanent stage in
Rhizoerinus, Pentacrinus, and their fossil allies. After liv-
ing attached for a while (Fig. 67), it becomes free (scc right-
hand figure) and moves about over the sea-bottom.

Fg. 8. —A Blastold, Pealremites, seen from the side and from above.—After Litken,

There are two species of Antedon on the New England
coast, one (A. Sarsii) inhabiting deep water in about one
hundred fathoms, and the other (4. Eschrichtii Miller)
shallower water (twenty-five fathoms) in the Gulf of Maine.

Order 2. Blastoidea.—No forms have been discovered
laster than the Carboniferous period. The group began
its existence as species of Pentremites (Fig. G8) in the
Upper Silurian, and culminated in the Carboniferous age.
It connects the Crinoids with the Cystideans ; the species
havé no arms, are supported on a short, jointed stalk, and
the oral plates, when closed, as they are in a fossil state,
make the calyx look like a flower-bud. There is a mouth
and eccentric anal outlet and five radiating grooves, along
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each side of which are attached a row of pinnules. Be-.
sides Pentremites are the typical genera Elmacrinus and
Eleatherocrinus.

Order 3. Cystidem.—This group is likewise extinct. In
the fossil Pseudocrinus there is a short-jointed stalk, while
in Caryocystites (Fig. 69) there iz nostalk and no arms, the

Fig. 71.—Agelacrinvs, a Cystidean, on
(e el of & o o

1y

Fig. 70.— Pseudocri-

nue, a Cystidean.—

After Litken,
body being angulo-spherical, composed of solid plates. The
Cystideans (Figs. 69 to 71) originated in the Cawmbrian for-
mation, attained their maximum development in a number
of species in the Silurian, and became mostly extinct in the
Carboniferous period.

Crass .—CRINOIDEA.

8Sphericol or cup-shaped Echinoderms, without a madreporic plate, uru-
ally attached by a jointed stem, a few free in adult life, with fice arms sub-
dividing into ptnnule; the ambulacral feet in the form of tentacles
arising around the mouth irn the furrows of the calyx or situated on the
Jointed arms.  In the Blustoidea and certain C"ya!idcana the arms are abd-
sent, dut the pinnule are wsually present, though absent tn Caryocystites.
Obeeulatory, water-vascular, and sexual organs much as in other Kchéno-
8erms ; the digestive canal ending in a distinct ecoentric aperture.

™
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Order 1. Brachiata (True Crinoids).—Calyx with large pinnulated
- arms, without dorsal calical pores, mostly stalked (Encri.
nus, Pentacrinus, Apiocrinus, Rhizocrinus, Holopus, Antc-
don, -Actinometra, Phanogenia).
Order 2. Blastoidea.—Armless, but with five series of pinnule, and
with a stalk (Peptremites. No living representatives).

Order 3. Cystiden.—Ususlly armed, with jointed pinnule, and a short
stalk, the latter sometimes absent, as in Caryocystites. (All
fossil forms, as Edriaster, Caryocystites, Sphwronites, etc.)

Laboratory Work.—The living Crinnids are great rarities, and few
students have access cven to alcoholic specimens. The recent re-
searches on their internal anatomy have been made in large part by
cutting thin sections for the microscope, and staining them with car-
mine, etc., after the methods of the histologist.

Crass II.—ASTEROIDEA (Star-fishes).

General Characters of Star-fishes. — Having already
studied the structure of the common star-fish, we are pre-
pared to understand the classification of the class. The
etar-fishes have star-shaped, flattened bodies, with round or
flattened arms, a madreporic plate, and two or four rows of
ambulacral fect.

Order 1. Ophiuridea (Sand-Stars).—This division is
characterized by the body forming a flattened disk, with
cylindrical arms, the stomach not extending into the arms,
and there is no intestine or anal opening. The ambulacral
farrow is covered by the ventral shields of the tegument, so
that the ambulacral feet project from the sides of the arm.
They have no interambulacral spaces or plates. The am-
bulacral feet or tentacles do not have a sucker at the end,
but are provided with minute tubercles. They move faster
than the true star-fishes, the arms being more slender and
flexible. The madreporic body is one of the large circular
plates in the interambulacral spaces around the mouth.
The external openings for the exit of the eggs form distinct
fissures or slits, one on each side of each arm. The ovaries
are situated in the body, not extending into the arms, the
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eggs being expelled into the perivisceral cavity, and thence
finding their way out into the water through the interradial
slits.* The Ophiurans are bisexual, but one species being
known to be unisexual, viz., Ophiolepts squamata, accord-
ing to Metschnikoff. While most Ophiurans pass through
a metamorphosis, the young of Ophiclepis ciliata is developed
within the body of the parent, adhering by a sort of stalk
(Krohn). In Ophiopholis bellis development ‘is direct, there
being no metamorphosis.

An Ophiuran which has accidentally lost its arms can re-
produce them by budding. Litken has discovered that in
species of Ophiothela und Ophiactis the body divides in two
spontancously, having three arms on onec side and three on
the other, while the disk looks as if it had been cut in two
by a knife and three new arms had then grown out from
the cut side. Simroth has made farther cxtended researches
on self-fission in Ophiactis. *

The Ophiurans in most cases undergo a decided meta-
morphosis like that of the star-fish, which will be described
at length farther on. The larva, called a pluteus, is free-
swimming, though in some species the young, in a modified
larval condition, reside in a pouch situated above the mouth
of the parent, finally escaping and swimming freely about
(A. Agassiz).

In Ophiocoma vivipara Ljungman, which occurs in the
South Atlantic, the young at first live in the body of the
parent and afterward cluster on the surface of her disk.
The eggs are hatched successively, the young being found
in a regularly gradated series of stages of growth (Wyville-
Thompson). It appears probable, as in the case of the sea-
urchins, that the Ophiurans of the cooler portions of the
South Atluntic, in most cases at least, have no metamor-
phosis. Scveral native forms are also viviparous,

Our most common samd-star is Ophiopholis bellis Lyman
(Fig. 72), which may be found at low-water mark, and espe-
cially among the roots of Laminaria thrown up on the

# On the other hand, Ludwig denies that the eggs pass into the peri-
visceral cavity, but insists that they collect in pouches formed by an in-
troversion of the integument.

—
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beach. It is variable in color, but beautifully spotted with
pale and brown, its general hue being a brick-red. Am-
phiura squamate Sars has long slender arms and is
white ; it lives below tide-marks. The basket-fish, me-
dusa’s head, or Astrophyton
Agessiziv Stm., i8 of large
size, the disk being two in-
ches across, and the arms
subdividing into a great
number of tendril-like
branches. It lives from ten
to one hundred fathoms in
the Gulf of Maine.
Ophiurans are widely dis-
tributed, and live at depths
between low-water mark and
two thousand fathoms. Fos- rig.72.—ophiophotis beliis, common Sand-
gil Ophiurans do not occur "er—After More.
in formations older than the Upper Silurian, where they are
represented by the genera Protaster, Palmodiscus, Acroura,
and Eucladia ; genuine forms closely like those now living
appear in the muschelkalk beds of Europe (Middle Trias).
Order 2. Asteridea.—In the true star-fishes the arms are
direct prolongations of the disk, and the stomach and

. 78.~Three forms of Star-fish, A, B, C, scen from ahove, showimi the different

t of the ambulacral and interambulacral arcas. The umbulucra ure indi-

el by rows of dots ; 0, mouth; v, urmy; ir, intermdial or interumbulacral areas.
U Pleraster; B, Goniodiscus; A, Asteriscus.—After Gegenbaur,

ovaries or spermaries project into them, and there is a deep
ambulacral furrow, while the interambulacral spaces vary
much in development (Fig. 73); the fect are provided with
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suckers, excepting those at the end of the arms, which are
tentacle-like. We have already described the common star-
fish of our north-eastern coast, Asterias Forbexii of Desor
(Fig. 74). This and the allied varieties are abundant on
mussel and oyster beds, being very injurious to the latter,
which serve them as food. The star-fish projects its capa-
cious stomach, turning it inside out, between the open
valves of the oyster, and sucks in the soft parts, in this way
doing much damage to the oyster-beds of the southern coast
of New England.

Fig. 74.— Asterias Forbesii, natural slze.—After A, Agassix,

The bodies of star-fishes as well as sea-urchins (Echini)
are covered with pedicellarie, which in the former are situ-
ated around the base of the spines on the upper side of the
body. They are pincer-like, consisting of but two prongs.
In the sca-urchins they are three-pronged, and scattered ir-
regularly over the surface of the body. Their use is not
really known.

The devclopment of this species (and its ally or variety,
A. berylinus) has been studied by A. Agassiz. After pass-
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ing through the mornla and gastrula stages, the cephalula
or larval stage is reached, the mouth, digestive sac and its
posterior opening being formed, a cephalic end being dis-
tinguished from a posterior end. Tho larva is now bilater-
ally symmetrical. At this time two lobes arise from each
side of the month. These separate from their attachment
and form two distinct hollow cavities,and by the time the
larva attains the Brachiolaria stage the development of the

A N.—Bnchiolarh
of%ﬂac

Ce
75— with the etar. eveloping &
e i o o ,,_,,g Anel Ao 60, odd term:
protuberancés of the body com al ornln'? { brachio.
red In the in]ng <ty ar arm; ranch of
g.g:'nouth; o, ventof the larv engmg;fn water- t'}xbe (0w leading
of the starfish; A, cillated digestive into s ,,,Odd brachiolat
tract; 4, ambulacral rocette (germ of - arm; f”. surface-warts
the water-veseels). —After Maller, from at base of odd brachiolar
Gegenbaar. . ﬂ J7.—After A. Agas-

body of the star-fish begins, for these two cavities subse-
quently develop into two water-tubes. On one of these cav-
ities the back of the star-fish is afterward developed, while
on the other the under side with the feet or tentacles arise.
The fully-grown larva is called a brachiolaria, as it was
originally described with this name under the impression
that it was an adult animal, as was the case with the plu-
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teus of the sand-stars, the dipinnaria (Fig. 75) of certain
star-fishes, and the awricularia of the Holothurians.

Fig. 76 shows the star-fish developing on the aboral end
of the brachiolaria, whose body it is now beginning to ab-
sorb. The brachiolaria soon shrinks, falls to the bottom,
and attaches itself by its short arms. The star-fish com-
pletely absorbs the soft body of the larva, and is conical,
disk-shaped, with a crenulated edge. In this stage it re-
mains probably two or three years before the arms lengthen
and the adult form is assumed.

In Leptychaster kerguclenensis Smith, of the South Puci-
fic, a form allied to Luidia or Archaster, the young develop
directly in a sort of marsupium, according to Wyville-
Thompson. Pteraster militaris was found by Sars to be
viviparous.

In Brisinga the arms number from nine to twenty, are
long, cylindrical, and, like the body, bear long spines. The
specics are abyssal. B. endecacnemos Asbjornsen lives on
the ‘Iorwegian coast, at a depth of about 200 fathoms, and
was dredged in abundance by the Challenger Expedition in
1350 fathoms, at a station due south of St. George’s Banks,
associated with other specics of star-fish (Zoroasfer and As-
tropecten), and again in eighty fathoms on La Have Bank,
oft Nova Scotia. A common form living in mud in usually
from ten to thirty futhoms is Ctenodiscus crispatus Retzius,
in which the body is almost pentagonal, the arms being very
short and broad. Archaster isa genus of star-fishes occurring
at great dopths, A. vezillifer Wyville-Thompson (Fig. 77),
occurring off the Shetland Islands, in from 300 to 500 fath-
oms. Luidia is called the brittle star-fish, as when brought
up from the bottom and taken out of the water it breaks up
into fragments. It has five long arms. L. clathrafa is com-
mon on the sandy shores of the Carolinas, and ranges from
New Jersey to the West Indics. _Astrope.fen arliculatuns
(Say) has the same range. Asfrogonium phryyianum Parel
is a large pentagonal, bright-red star-fish, living in twenty
to fifty fathoms on rocky bottoms in the Gulf of Maine
and northward ; while Pleraster militaris Maller is an
arctic species which ranges south to Cape Cod. It is sab-
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pentagonal, with five short arms. The fine large Solaster
endeca Retzius has eleven smooth arms; it lives in deep
water. Crossaster papposus (Miller and Troschel) is com-
mon on a rocky bottom, in from twenty to eighty fathoms,
from the Gulf of Maine northward ; it is bright red, and has
thirteen to fourteen spinulated arms. Cribella sanguin-
olenta Liitken is a common species on the coast of New

Fig. 77.—Archaster verillifer, under side : natural size.—After Wyville-Thompeon.

England below low-water mark, and is in some respects like
Crossaster.

More closely allied to Asterias is the Pacific Coast Pycno-
podia helianthoides Stimpson, which ranges from Sitka to
Mendocino, Cal. It is very common in Puget Sound, under
wharves. Asterias vulgaris Stimpson represents, on the
northeastern coast, the A. rubens of Europe. Asterias
polariz (M. and T.) has six arms, and is over twelve inches



116 ZOOLOGY.

in diameter ; it is very common from Labrador north-
ward.

Fossil star-fishes allied in most respects to Asferias occur
in the Lower Silurian rocks, showing the remarkable persist-
ence of this type of the order. Characteristic Lower Silu-
rian forms are Pal@aster and Archasterias. In the Upper
Silurian appeared Palasterina, a genus allied to the living
Astrogonium, ete.

Crass I1.—~ASTEROIDEA.

Echinoderms with a star-like or pentagonal body, with two or four rows
of ambulacral feet or tentacles on the oral side. Body covered with small,
short spines, often arranged in groups. The nervous system pentagonal,
with nerves extending snto the arms ; the waler-vascular und hemal systems
also radiating into the arms. Most of the apecics bisexual ; the young usually
passing through a metamorphosis, the star-fish budding out from the water-
vascular system of the pluteus, bipinnaria or brachiolaria form, which pre-
viouasly passes through a morula, gastrula, and cephalula stage.

Ordor 1. Ophiurides.—Arms round, starting suddenly from a round.
disk-like body. Ambulacral furrow covered by a series of
ventral plates, 2o that the tentacles or ambulacral feet are
thrust out laterally. The ovaries and stomach not extend-
ing into the arms;: no anal-opening, no pedicellarise.
(Ophiura, Ophioglypha, Ophiolepis, Amphiura, Ophio-
coma, Astrophyton).

Order 2. Asteriden.—Body star-like, the arms being gradual extensions
of the disk, and containing the reproductive glands, di-
gestive cceca, as well as the radial nerves and radial heemal
and watcr-vascular canals. A deep ambulacral furrow,
containing two or four rows of ambulacral feet or tenta-
cles, those at the extremity of the arms without suckers
(Brisinga, Ctenodiscus, Luidia, Astropecten, Oreaster, As
trogonium, Pterasier, 8olaster, Crossaster, Cribrells, Pyc-
nopodia, Asterias).

Ladoratory Work.—The larger star-fishes are ecasily dissected ; the
general rclations of the intcgument may be perceived by making
transverse and longitudinal sections, while the viscera may be studied
by splitting the body and arms in two vertically. Thc smaller Ophiu-
rans cqan be hardened in alcohol, and stained sections made for
studying the intricate relations of the water-vascular, hemal, and
nervous systems,
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Crass III.—ECHINOIDEA (Sea-urchins).

General Characters of Sea-Urchins.—A good idea of
the general structure of the members of this class may
be obtained by an examination of the common sea-ur-
chin, Echinus (Fig. 78), of the eastern coast of the United

Fig "8 —The common Sea-urchin, Echinus (Strongylocentrotur) drddachiensis.
d. frame-work of mouth and teeth seen in front; ¢, the same seen sideways; a, b, ride
sad external view of a eingle tooth (pyramid); all natnral size.—Aftcr Morse.
States, Northern Europe, and the Arctic Seas. It is com-
mon among rocks, ranging from low-water mark to fifty or
more fathoms. It eats sea-weeds, and is also a scavenger,
feeding on dead fish, etc. We have observed great num-

bers of them assembled in large groups, feeding on fish offal,
a few fathoms below the sur- :

face, in a harbor on the coast
of Labrador, where fishing-
vessels were anchored.

On placing an Echinus in
sea-water the movements of
the animal, especially its
mode of drawing itself along
by its numerous long tenta-
cles or ambulacral feet, and
how it covers itself by draw-
ing together bits of sea- 4 ‘
weed and gmve], may be nrfill n:?h:\’\r::oujht]l:?wrl;?ltx?)‘]‘xtAft)lrd“:‘rr-l:r;;‘
obecrved. ment of the muscles,—From Macallister,

A habit less easily detected is that of some sea-urchins
burrowing in limestone rocks and coral reefs until the ani-
mal sinks quite far down. How the rock becomes thus
worn away, unless simply by the rotary movements of the
body, is not clearly undarstood.

e
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In order to examine the external anatomy, the shell
should be deprived of its spines in part, meanwhile observ-
ing the mode of attachment of the spines, of which micro-
scopic scctions

z should be made.
< The solid mouth-

parts, the oral
membrane sur-
rounding the five
sharp conical teeth
or ‘‘pyramids,”’
pFig. 80.—Schematic figures of a Scaurchin. 4. from and their mode of
by rows oF dor T aoibutueral; ir, iitemmbuiscnd attachment to the
areas; 0, mouth; @, vent.—After Gegenbaur, “ auricles”’ in the
shell, should be thoroughly investigated, as well as their re-
lations to' the mouth-opening and the digestive canal. The
shell consists of five double rows of ambulacral plates,
perforated for the exit of the
feet, and a series of five dou-
ble rows of interambulacral
plates to which the spines
are attached, and of such
form and arrangement as to
give the greatest possible
strength and lightness to the
shell (Figs. 80, 81, 82). The
outlet of the alimentary canal
is situated on the aboral
(abactinal) or upper end of gy, g1._ Aboral end of the sbell of an
the shell, while the madre- Erhiue with the upper end of the rows of
poric plate is situated upon bucrad acea: g. euital plates; 8‘:,““ M_'

the to d of the shell formingamadropot: piste:2’ sua
orming a = plate; x,

N p Olj end o e she mtbcubonlmnsurmndp cdi)‘lhc
(as the animal moves mouth platcs. The wbercics to which the s

. . are attached ure only drawn on one
downward), being a modifica- ral and onc intemmbulacral arca ; on the
: . ormer are alwo wn 3.1
tion of one of the genital which the suckem protrude, © Afrer Gegen.

plates (Fig. 81, m). Thereare ™™

five large plates, one at each end of the interumbulacral
zones meeting on the aboral end of the body 5 in them are
the ovarian openings through which the cggs escape ; these
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five plates are called the genital plates, while in each of the
five amaller plates at the end of each ambulacral series is an
3 eye-speck. The pedicel-
. lariee are three-pronged,
knob-like spines, scat-
tered over the body, es-
pecially near the mouth,
They partly serve to re-
move the fzcal matter,
but their main function
is not known.

Besides the pedicel-
lariee, Lovén has discov-
ered on most living
Echini, with the excep-
tion of Cidaris, small
button-like bodies called

Pig. 82.—View of the calcareous net-work & haridia, Situat:ed on
hun\:g,ﬂxe of the tntegument of a Sea-urchin short stalk, moving on a
S w o Miraighy tode—After Gegon. slightly marked tubercle.
peur: ‘ They are supposed to be
sensorial, probably organs of taste.

The internal anatomy of the sea-urchin may be best studied

Fig. 83.—8hell of a Sca-urchin (8. ntrotus lividus). @, anus; oe, esophagus;
\, intestine; &, one of the rods of the tooth-apparatus: m, muscles of the iaws; P, ves-
#els of the sucking fect; po, extremity of the water-vessel; ca, ocular plate; v, ovary.

by cutting the shell into two halves, oral and aboral. 'chll::/
ing the ahoral end, the digestive canal may be seen 1n plaes
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It consists of a narrow cesophagus (Fig. 83; ), more or
less pentagonal near the mouth, dilating into the stomach ;
and of a terminal intestine. The long stomach passes from
left to right around the interior of the body, then turns up
toward the aboral end, and curves back in the opposite
course, again passing around the body from right to left,
forming two series of loops partly enclosing the ovaries ; it
is held in place by a broad, thin membrane or ¢ mesentery.’’
The reproductive and other organs are much as described
in the star-fish, there being five ovaries or spermaries, the
sexes being distinct. The nervous ring around the mouth
sends off five nerves along the ambulacra, which are accom-
panied by a water-vascular canal sending branches to the
tentacles, and a psendo-hemal canal, there being an oral and
aboral (anal) heemal ring (their presence is denied by Hoff-
mann), as well as an oral water-vascular ring, with five Polian
vesicles (present only in the true Echini and Clypeastroids),
& stone-canal and a fasiform tube or ‘‘ heart ”’* next to it,
while the alimentary canal is accompanied by two heemal
vessels, one on the ‘‘ dorsal >’ and the other on the free or
ventral side, communicating with a lacunar network in its
walls. '

In Echinus it is difficult to perceive any bilateral sym-
metry, the parts radiating, as in the star-fish, from the cen-
tre ; but in the Spatangus and allied forms it is easy to di-
vide the animal into a right and left side, and the body is
more or less elongated, as in Pourtalesia (Fig. 87), the mouth

_ being situated at one end and the anus at the other.

The mode of development of the common sea-urchin
(Fig. 78) has been discovered by Mr. A. Agassiz. The earli-
est stages are much as described in the star-fish. The form
of the pluteus larva is quite remarkable, there being eight
very long slender arms supported by slender calcareous rods
projecting from the body, and, during the movements of
the animal, opening and shutting like the rods of an um-
brella. The body is provided with a sinuous row of vibra-

* Tt should be observed that the latest and best observers are at vari-

~“mmge regarding the structure and function of the so-called Echinoderm

lart, "

"
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tile cilia. When the larva is twenty-three days old the ru-
diments of the five tentacles of the sea-urchin appear. By
this time the pluteus-form is acquired, and also at this pe-
riod the sea-urchin growing upon the decidnous pluteus
scaffolding has concealed the shape of the digestive cavity
of the larva, and the spines are so large as to conceal the
tentacles. The body of the pluteus is gradually absorbed
by the growing sea-urchin ; the spines and suckers of the
latter increasing in size and number with age, until by the
time the larval body has disappeared the young Echinus is
more like the adult than the star-fish at the same period in

- Eaul:ﬂoly’h.g:pgit h:iéuaen gyg:nng in two of the marsupia.—From
* life. Grube has found that Anochanus sinensis, supposed
to have come from the Chinese or East Indian seas, has
no metamorphosis ; while Hemiaster cavernosus of Chili
was found by Philippi to carry its young in marsupia and to
develop dlrectly

Several species of sea-urchins in the cooler portlons of
the South Atlantic, especially at the Falkland Islands and
Kerguelen Island, also develop directly in marsupia or brood-
hollows, withont passing through a metamorphosis. In Hemi-
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aster Philippii Gray (Figs. 84 and 85), from the latter island,
certain of the ambulacral plates are greatly expanded and
depressed “‘ so as to form four deep, thin-walled oral cups,
sinking into and encroaching upon the cavity of the test,
and forming very eflicient protective marsupia.”” The
spines are so arranged that a kind of covered passage leads
from the ovarial opening into the marsupium, and along
this passage the eggs, which are very large (a millimetre in
diameter) are passed and arranged in rows, each egg being
kept in place by two or three spines bending over it. Here
the eggs develop, and the embryos, after the calcareous

From Wyvine Thcpeous v oage of ﬁf'e"l’:’.’f‘u'uf.‘é'c‘l"“‘““ case. Muchmagnified.—
plates once begin to develop, rapidly assume the parent form ;
when they leave the marsupium they are about two and a
half millimetreslong. In Cidaris nutriz Wyville-Thompson
the eggs are protected in a sort of tent by certain spines
near the mouth. Iere the young develop without a meta-
morphosis. The allies of these forms in the Northern At-
lantic -arc either known or supposed to he metabolous ; and
Sir Wyville-Thompson states that no free-swimmiing Echi-
noderm larvae (pluteus, cte.) were seen by the Challenger
Expedition in the Southern Ocean.
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Taking a rapid survey of the principal forms of sea-
urchins, we may divide the class of Eckinoidea into two or-
ders : the Palechinida, or older sea-urchins, in which the
shell is composed of more than twenty rows of plates ; and
the Aulbechinida with twenty rows of plates.*

Order 1. Pualechinida.—Comprises first the suborder Me-
lonitida, in which there are more than ten rows of ambula-
cral plates, represented by Melonites of the coal formation,
and Protechinus, Palechinus, Archmocidaris, etc. In the
second suborder Evcidarie, there are ten rows of ambulacral
plates. A type of the group, Eocidaris Kaiserlingii, appears
in the Permian formation.

Order 2. Autechinide.—
To this division belong sea-
urchins with twenty rows of
plates. The first suborder is
the Desmosticha, comprising
those sea-urchins with band-
like ambulacra extending
from the mouth to the oppo-
site extremity, and of more
or less regular, flattened,
spherical form. Such are

Cidaris, Echinus, Echinom- . o zinarachnivs parma, com-
etra, C]ypeaster’ and Echi- 1;1;;;1;:?{;1:(1-0;11:;& Natural size. —After A.
nare<hnius. The Echinus ~~

esculentus Linn., of the Mediterranean Sea, is as large as
an infant’s head, and is used as an article of food.

In Clypeaster the body is large and the shell very solid.

C. subdepressus Agassiz is common on the Floridan coast.
An orbicular flattened type are the sand-cakes, of which the
Echinarachnius parma Gray (Fig. 86) is abundant in the
shallower portions of the North Atlantic, from low-water
mark to forty fathoms. It is replaced southward from
Nantucket to Brazil by Mellita testudinata Klein.

The last suborder, Petalosticha, is characterized by the

* These are termns proposed by Haeckel, who regards these divisions
as subclasses, but we think they should more properly be called orders.
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leaf-like ambulacra, and the irregularly heart-shaped, often
elongated, form of the shell, an anterior and posterior end
being well defined. They for the most part live buried in
the sand or sandy mud, not moving about so actively as the
Desmosticha.

Of the family Spatangide the singular genus Pourta-
lesia (Fig. 87, P. Jeffreysii Wyville-Thompson) deserves
notice, the species of which are bottled-shaped, with a thin,
transparent shell. The transition from such a form as this
to the Holothurians is not a very extreme one. This
genus, A. Agassiz states, is the living representative of In-
Julaster of the Cretaceous period. P. miranda A. Agassiz
was dredged in the Florida Straits, in about three hundred

Fig. 87.—Pourtalesia Jeffreysii, slightly enlarged.—After Wyville-Thompeon.

and fifty fathoms, and by British naturalists in the Shet-
land Channel. P. Jeffreysii was dredged in six hundred
and forty fathoms, near the Shetland Islands.
. Spatangus is distinctly heart-shaped, as is Hemiaster.
An interesting deep-sea or abyssal form not uncommon in
deep soft mud, at the depth of one hundred fathoms, off the
coast of Maine and Massachusetts, and extending from Flor-
ida around to Norway, is Schizaster fragilis Agassiz.
Echinoderms range to a great depth in the ocean, and are
largely characteristic of the abyssal fauna of the globe. In
space they are widely distributed, there being but two
Echinid faunse on the eastern coast of the United States,
one arctic, the other tropical. While a large number of
species characterize the arctic or circumpolar regions, the
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larger proportion of species are tropical and subtropical
Mr. A. Agassiz divides the Echinid fauna of the world into
four realms : the American, Atlantic, Indo-Pacific, and
Australian.

Though Crinoids were the predominant type of Echino-
derms in the pal®ozoic rocks, a few star-fish and Ophiurans
appeared in the Upper Silurian period, and with them were
associated omne species of sea-urchin, Paleckinus, though
the genus was more numerously represented in the Coal
period. Some Pal®ozoic forms resembled the living gen-
era Calveria and Phormosoma, and belong to the extinct
Carboniferous genera Lepidechinus and Lepidesthes ; in all
these forms, foseil and recent, the interambulscral plstes
overlapped one another 8o as to give a certain amount of
flexibility to the shell. This feature existed in a less de-
gree in Archaocidaris. The characteristic American car-
boniferous genera are Melonites, Oligoporus, and Lepidechi-
sus. The Permian Eocidaris is nearly allied to drch@oc-
daris, so that it is a trne palozoic type (Nicholson).

In the Mesozoic epoch (Trias, Lias, and Jura) appeared a
more modern assemblage of Spatangide, and genera such as
Hemicidaris and Hypodiadema, closely allied to the Cida-
ride proper, appeared in the Trias. The Jurassic beds are
characterized by genera allied to Diadema, Echinus, Ci-
daris, and a number of species of the families Cassidulidm
and Galeritide. A large number of genera survived in the
Cretaceous period, which, however, is characterized by the
marked development of the Spatangide. In the Upper
Cretaceous the earliest Clypeastride appeared, while the
Tertiary Echinid fauna is quite similar to the present one.
The striking fact in the geological history of the class is
the persistence of many of the cretaceous gemera in the
abyssal or deep-sea fauna of the present time (A. Agassiz).
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Crass III.—ECHINOIDEA.

_ Spherical, heart-shaped, or disk-like Echinoderms, with a solid shell of im-
movable plates, bearing interambulacral spines; with a mouth and anal
opening, the mouth in most of the species armed with five fleeth; am-
‘bulacral feet well developed. The sexes distinet. Development either direct,
or, as §n most cases, by @ marked metamorphosis from a pluteus larvs.

Order 1. Pulechinida.—Shell composed of more than twenty rows of
plates. Suborder 1. Melonitida (Melonites, Protechinus,
Palechinus, Archeeocidaris). Suborder 2. Eocidaria (Eoci-
daris).

Order 2. Autechinida.—Shell composed of twenty rows of plates.
Suborder 1. Desmosticl.a (Cidaris, Echinus, Strongylocen-
trotus, Echinometra, Clypeaster, and Echinarachnius).
Suborder 2. Petalosticha (Echinobrissus, Anochanus, Pour-
talcsia, Spatangus, and Schizaster).

Laboratory Work.—We have already given some hints as to the
mode of dissecting sea-urchins, which should be done under water in
deep pans. Great care must be taken in removing the digestive canal,
which is very delicate in itsclf, and usually filled with sand. In study-
ing the water-vascular and blood-vessels, careful, skilful injections with
carmine are indispensable. The spines may be studied by making thin
longitudinal and transverse sections. The test, or shell, should be de-
‘nuded of the spines in order to study the relations of the ambulscral,
interambulacral, and genital plates,

Crass IV.—HoLoTHUROIDEA (Sea-cucumbers).

General Characters of Holothurians.—Wo now come to
Echinoderms in which the body is usually long, cylin-
drical, with a tendency to become worm-like, and in cer-
tain genera, as Synapta, Chirodota, and Eupyrgus, it is
dificult both in their larval stages (Symapta) and in the
external and internal anatomy of the adults to scpurate
them from worms like Sipunculus; authors have therefore
been led to the adoption of one of two views : first, either
that the worms and Echinoderms have had a common origin,
and the latter, though truly radiate, have no near affinities
(though strong analogics) with the Cwlenterates, or the re-
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semblance between the two branches (Echinoderms and
worms) is one simply of analogy, and involves no blood-rela-
tionship. On the other hand the radiated arrangement of
parts and the development and relations of the water-vas-
cular system ally them, through the Ctenophores, with ths
Actinozoa and Hydroida, and it seems more natural to re-
gard the Echinoderms as forming a branch of animals in-
termediate between the Iydroida and the worms, there
being certain low worms with a water-vascular system.

But the student will be better
able to appreciate these general
questions after a more or less
thorough acquaintance with the
forms and structure of the pres-
ent group.  For this purpose he
should first examine living sea-
cucumbers, and then carefully
dissect them. A detailed study
of the anatomy of a Pentacta or a
Holothuria, ono a northern the
other a subtropical and tropical
form, and of a Synapta, found
everywhere along our coast in sand
below tide-marks, will give the
groundwork ; and this knowledge,
autoptically acquired, can then be
corrected and extended by reading
monographs or compiled state-
ments to be found in the more
authoritative general works on -
comparative anatomy. Fig. 88.—Penlacta frondos:.—

Living Holothurians can be pro- From Tenney™s Zoology.
cared with the dredge or dug out of the sand between tide-
marks. They should be kept in aquaria, and their move-
ments watched as well as their mode of locomotion, and the
action of their branchie or external gills (tentacles).

The common sca-cucumber, north of Cape Cod, and ex-
tending through the Arctic regions around to Great Britain,
is Pentacta frondosa Jacger (Fig. 88, It lives from ex-
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treme low-water mark to a depth of fifty fathoms. It is of
a tan-brown color, from six inches to nearly a foot in
length, and in its form and the corrugations of its tough,
leathery skin resembles a cucumber in nearly all respects
except color. There are five series of ambulacral feet, each
series consisting of two irregular rows. Around the mouth
is a circle of ten much-branched tentacles or gills (homolo-
gous with the ambulacral feet).

On laying the body open by making a cut extending from
the mouth to the vent, the thick muscular walls of the body
may be observed, and the general relations of the viscera to
the body-walls, which have nothing of the radiate arrange-
ment of parts, so clearly marked in the other Echinoderms,
the ambulacra, tentacles, and longitudinal muscles alone be-
ing arranged in a radiate manner.* Unlike other Echino-
derms, the madreporic body is internal, and there is a ca-
pacious cloaca or rectum, and a large vent.

On the inside of the body-walls are numerous small cir-
cular (transverse) muscles forming slight ridges, which serve
to contract the body, and five double large longitudinal
muscles (Fig. 89, /) lying in the ambulacral zones. The
mouth is surrounded by a muscular ring, from which arise
ten large, much-branched tentacles. The pharynx, or the
portion corresponding to ‘‘ Aristotle’s lantern,’’ of the ses-
urchin is broad and short, with five large retractor muscles
(r) originating from the ambulacral or longitudinal muscles
on the anterior third of the body. The stomach is short,
not much wider than tho intestines, with well-marked trans-
verse folds within. The intestinc (¢) is several times longer
than the body, with longitudinal small folds, and held in
place by a large, broad mesentery which accompanies the -
testine through the greater part of its length. The intes-
tine terminates suddenly, in a large cloaca (¢), ‘rom which

* In Eupyrgus and Echinocucumis it is difficult to perceive any radis-
tion in the body except in the unbroken circle of tentacles, while in
Sipunculus and allicd worms (Gephyrea) the tentacles form a complete
circle, and these worms have a ring-canal and an imperfect or rudi-
mentary system of vessels thought by some authors to correspond to
the water-vascular system of Echinoderms.
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on one side arises the ‘‘ respiratory tree,’”’ which has but one
main stem, and is only occasionally held in place by mus-
cular threads. The branches are numerous, and are amaller

Fig. 80.—Pentacta frondosa. , tentacles; I, longitudinal muscles: 7, retractor mus-
cles of the tentacular system; £, intestine; ¢, cloaca; b, respiratory tree; vy, water-
vascular rlng or nng-canal, v, radial water-vascular canal; en. madreporic body; pp,
polian v ; am, pulle: @, a’. do-1 1 contructile vessels (from Carus);
6, ovary; 00, »viduct.—Drawn by J. S.itugsley from a dissection made by the suthor.

and paler than the ovarian tubes. The water enters the
cloaca (c), passes into the respiratory tree (b), oozes out of

gle

Digitized by G()(\é
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the ends of the branches, filling the body, whence it is taken
up by the madreporic body and carried into the water-
vascular system by the narrow duct on the left side of the
pharynx. Besides being respiratory, this organ is supposed
to be depuratory in its function. In some Holothurians
certain organs (the Cuvierian organs), supposed by Semper
to be organs of defence, as they are readily thrown out when
the animal is disturbed, arc attached either to the stem of
the respiratory tree or to the cloaca. The madreporic body
(m) forms a rosette, partly surrounding the membrane at-
tached to one side of the pyloric end of the stomach, and
leads by the madreporic canal, which is closely bound down
to the pharynx, to the ring-canal (¥r). Also connected
with the ring-canal are two enormous Polian vesicles (p, p),
which are nearly two thirds as long as the body ; by slitting
up their base with scissors they can be followed to the ring-
canal. The latter (vr) is a capacious canal surrounding the
mouth, and can be detected by laying open the oral-opening,
and then by cutting across the longitudinal muscles (as at v)
the radial vessels may be followed along the body under the
muscles. Just above the ring-canal is situated the nervous
ring (nr), and its radial nerves (n) can be traced along and
outside of the radial water-vascular canals. The ampullae
(am) are red, conical, flask-shaped, conspicuous organs, lying
irregularly, a row on each side of each longitudinal muscle.
They are filled with water from the small lateral vessels of
the radial water-vascular canals, The single ovary is com-
posed of a large mass of long tubes, which are larger than
and tangled up with the branches of the respiratory tree.
The oviduct is attached by a membrane to the stomach, and
vpens between two of the tentacles on the cdge of the
mouth.

The blood or pscudo-hemal vessels * are difficult, without
very fine dissections, to be made out. The system consists
of a plexus of vessels lying next to the ring-canal, from
which two vessels (@, @') pass along opposite sides of the in-

* These vessels in Fig. 89 have been copied from Carus’ Icones Zo-
otomice ; in other respeets the drawing represents the anatomy of
P. frondosa.

™
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testine. A fluid cortaining nucleated cells fills both the
pseudo-hzmal and water-vascular canals.

Holothuria floridana Pourtales is a large, dark-brown
sea-cucumber, with the feet scattered irregularly over the
body, and with smaller tentacles than in Pentacta, which is
abundant just below low-wuter mark on the Florida reefs,
and grows to about fifteen inches in length. The aliment-
ary canal is filled with foraminifera and pieces of shells,
corals, ctc.; it is about three times the length of the body,
and ends in a much larger ceecum than that of Pentacta.
There are two widely separated branches of the ‘¢ respiru-
tory tree,””> ome being free, and the other, tied to the body-
walls by thread-like muscular attachments, extends to the
pharynx. The pharynx is calcaréous, while in Pentacta it
is myscalar. On the madreporic body is a group of about
thirty pyriform stalked bodies, the longest, including tho
stalk, about a quarter of auw inch in length. Succeeding
these bodies, and situated on the madreporic canal, leading
to the ring-canal, are a large number of Polian vesicles, tho
largest one an inch in length. The duct passes spirally
nearly round the csophagus, and emptics into the ring-
canal by the ducts nearly a quarter of an inch apart. In
connection with the tentacles or branchis are twenty long,
slender tentacular ampulle, not present in Pentacta and
Thyone. The ovarian tubes are very small, some enlarging
and bilobate at the end.

Closely allied in external form to Holothuria floridana,
though belonging to a different family (including Pentacta’,
is Thyone briareus (Lesueur), which lives just below tidal
marks, from Loug Island Sound to Florida. In this genus
the ambualacral feet are not arranged in rows, but scattered
over the surface of the body. This species is very common,
and as it iz more accessible to the student than any other of
the sea-cucumbers, we give some points in its anatomy as
compared with Pentacta, with which it is more closely allied
than to Holothuria. In a spccimen about eight centi-
metres (three inches) long the intestine is over two metres
(sbout seven feet) long, the cesophagus opening into an-
oval stomach less than an inch in length. The tentacles



132 Z0OLOGY.

are capable of heing very dceply retracted, and as in
Pentacta there are no tentacular ampulle. The small
madreporic body is much as in Pentacta, and counects with
a duct (madreporic canal) leading to the ring-canal. There
are three Polian vesicles, one fusiform and an inch in
length, the two others slenderer. The cloaca is of mod-
erate size, a3 in Pentacta, and the respiratory trees divide
at once into two very bushy branches. The ovarian tubes
form a brush or round broom-like mass or tuft, about an
inch long, the tubes small. yellow, and of nearly uniform
length, the oviduct straight and bound down to the walls
of the body.

We might here mention the most aberrant type of Holo-
thurians, the Rhopalodina desciibed by Semper, who states
that the body is flask-shaped, with the mouth and vent sita-
ated near each other on the smaller end of the body. The
mouth is surrounded by ten tentacles, and there are ten
papille around the anus. There is a spacious cloaca or
respiratory tree. ‘‘ Ten ambulacra diverge from the centre
of the enlarged aboral end of the body, and extend like so
many meridians to near the commencement of the neck of
the flask. In correspondence with each ambulacrum is a
longitudinal muscular band ; and it is an especial peculiarity
of Rhopalodina that five of these are attached to the anal
circlet, and five to the circum-cesophageal circlet’” (Huxley).

The earlier stages of development of Holothurians, so far
as known, is like that of star-fishes. The larvawhen fully
grown is called an auricularia. It is transparent, cylindri-
cal, aunulated, with four or five bands of cilia, and usually
with certain ear-like projections, from which it derives the
name originally given to this larval form. Before the auri-
cularia is fully formed the young Holothurian begins to bud
out from near the side of the larval stomach, the calcareous,
cross-like spicules appear, and the tentacles ariee. The ear-
like projections disappear, the auricularia thus becowning
cylindrical. Itissoon absorbed by the growing Holothurian,
which in some genera is strikingly worm-like, and it seems
that the Holothurian is more directly developed from the
larva than in the case of the star-fish and sea-nrchins, the
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metamorphosis being less marked—i.e., growth is more
continuons, as in the Crinoids.

In Holothuria tremula and Synaptula vivipara there has
been observed a very slight metamorphosis, the young de-

veloping directly in a marsupium, a8 in the star-fishes and
sea-urchins.  Cladodactyla croces Lesson, of the Falkland
Islands, according to Sir Wyville-Thompson, carries its
yoang in a sort of nursery, being ‘¢ closely packed in two con-
tinuons fringes adhering to the water-feet of the dorsal am-
bulacra.”” He also found that in Psolus ephippifer Wyville-
Thompson, which is covered with calcareous plates, there is
adorsal group of larger tessellated plates, each supported
by a broad pedicel embedded in the skin. Under these
mushroom-like plates brood-cavities or cloister-like spaces
are left between the snpporting columns, and in this archi-
tectoral marsupium the embryos directly develop into sea-
cucambers. It follows that in all free-swimming Echino-
derm larvse, there is a trne metamorphosis as distinct as in
the butterfly, while in other forms in which development i
direct the embryo is sedentary and lacks the cilia and vari-
ons appendages so characteristic of the ordinary larval
Echinoderms ; thus there are different stages in the differ-
ent classes of Echinoderms between direct development o1
continuous growth, and a complete metamorphosis like that
of the star-fish or sea-urchin, in which the pluteus or larva
is but a temporary scaffolding, as it were, for the building
up of the body of the adult.

Tarning now to the classification of the Holothnrians,
and beginning with the lowest, simplest, most generalized
forms (which are also remarkably worm-like), and ascend-
ing to higher or more complicated forms, we find that there
are two orders, those without feet (Apoda) and those with
ambulacral feet (Pedata).*

* 1t is possible that the Holothurians shouid he divided into two sub-
classes, one Diplostomidea Semper, in which the body is spherical and
the mouth and anus are close together, with ten ambulacral rows, etc.,
and the normal, cylindrical, bipolar Holothurians. Semper’s Dlploclomo-
dea is based on Rhopalodina lageniformis Gray, from the Congo Coast,
and regarded hy Semper as the type of a fifth class of Echinoderms.
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Order 1. Apodu.—The simplest apodous form is the
Eupyrgus scaber Liitken, in which the body shows no
external signs of longitudinal muscles, though there are
five small ones, and is covered with spine-like, goft papille
bearing calcarcous plates. Wo have dredged it
frequently on the coast of Labrador in shoal-
water. It has a circle of fifteen unbranched
tentacles, and is about onc centimetre long.
It also occurs in Greenland and Norwegian
waters. Myriotrochus has a transparent skin
dotted with minute white spots, which, when
magnified, appear to be wheel-like, calcarcous
plates. It has a single Polian vesicle, and there
is no respiratory tree nor Cuvierian appendages
(Huxley). We have dredged this beautiful
form (M. Rinkii Steenstrup) in sand, in shoal-
water, on the coast of Labrador. A very com-
mon Labrador Ilolothurian is Chirodota leve
Grube (Fig. 90). It lives in shallow, sandy,
retired bays, and is whitish-gray, with five dis-
tinct muscular bands and scattered white spots,
which are calcarcous, wheel-like bodies situated
in the skin.

Near Synapta, is Leptosynapte Girardii
(Verrill), our common cast coast species, which
lives in sand at low tide. The body is very
long, and the animal when disturbed constricts
its body and breaks up into several pieces. The
skin contains perforated plates and anchor-like
bodies (Fig. 91). In this genus and those pre-
viously mentioned, constituting the suborder
Apneumone and family Synaptidem, the sexes

Fig. 90.—CM- are united 'in the same individual, and there
rodotalare. Half | . .
natuml rize. ‘g, i8 NO respiratory tree, while the tentacles are
mouth, elosed. simply digitated or lobulated.

The next suborder, Pneumophora, forming the family
Molpadide, is characterized by having a respiratory tree,
In Caudina the skin is rough with calcareous pieces, the
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body ends in a long, tail-like prolongation; C. arenata
Stimpson has fifteen four-pronged tentacles; it is com-
monly thrown up on the beaches

of Massachusetts Bay. A deep-

water form, a member of the
sbyzsal fawna, is Molpadia tur-

@ids Verrill, which we have O%

in over onc hundred QO

fathoms in the Gulf of Maine, & 3
and which ranges southward to g 91. — Hooks snd platen of
Florida. It has a head-end like S"4Pa Girardii—Afier Verril
the neck of a bottle, and the end of the body suddenly con-
tracts into a tail, with a very small anus. There arc fiftcen
tentacles.

Order 2. Pedata, or Holothurians with feet. The mem-
bers of the first family (Dendrochirote) have tree-like,
branching tentacles, retractor muscles, without Cuvierian
organs. It is represented by Thyone and Pentacta, while
here belong also Lophothuria Fabricii Diben and Koren,
Psolus phantapus and P. squamatus, in which the body is
armed with heavy calcarcous plates, and the feet are confined
to a ventral creeping disk.

In the highest family, Aspidochiroi@, there are tentacular
ampulize ; the left respiratory tree is bound to the body-
walls, and there is a single ovary, while Cuvierian organs

are present. Ilolothuria is the type of the group. II. edulis
Legson, of the Moluccas and Australia, and 71, tremule
forms, when dried, the trepang sold in Chinese markets.
Our H. floridana has bheen dried and exported to China as
an article of food.

In their ‘geographical distribution the Apoda are mostly
boreal and arctic. Of the Pedata, the Dendrochirote vre
moetly northern or arctic, while the highest group, Aspi-
dochirotce, are mainly tropical. Certain genera (Holothuria,
Dhyone, Psolus, Pentacta, Chirodota, and Synapta) are almost
coemopolitan.

A few forms attain a great depth, and certain abyssal
forms are often highly colored. One species, Synapta
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similis, lives in brackish water, according to Claus. Sup
posed plates of Holothurians have been found im th

Jurassic rocks.

Crass IV.-HOLOTHUROIDEA.

Worm-like, eylindrical Echinoderms, with a muscular body-wall w.uclly
containing calcaresus bodies ; with a circle of branched tentacles, a terminal
opening of the intestine, madreporic plale internal, and usually a ves-
piratory cecal appendage. Unisezual or bisezual, developing by a metamor-
phosis from cylindrical, auriculated, free-swimmsng larom; or ametabolowa.
Order 1. Apoda.—No ambulacral feet. Family 1. Synaptide (Eupyrgus.

Chirodota, Synapts). Family 3. Molpadide (Caudina, Mol-
padia).

Order 2. Pedata.—Respiratory tree present, and the ambulacral feet.
Bisexual. Family 1. Dendrochirot (Thyone, Psolus, Echi-
nocucumis, Pentacta). kawily 3. Aspsdochirsis (Holothu-
ris). The Elasmopoda are a group of deep-sea forms.

TABULAR VIEW OF THE CLASSES AND ORDERS OF ECHINODERMATA.

Pedata.
(Holothuria.)
Apodn.
(Chirodota.)

Antechinida,
(Echinus.)
HoLOTHUROIDEA. Palechinida.
(ueloinm)

—_——
ECRINOIDEA.

Asteridea.

(Asterins.)
iuriden.

OPhinn-)

S e’ (Encrinas.)
ASTEROIDEA.

(Sphm!né..)

ECHINODERMATA.
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Laboratory Work.—The Holothurians are easily dissected by cutticg
the body open longitudinally, and pinning the specimen down in a
dissecting-pan, with wax on the bottom for holding the pins. The
calcareous plates can be extracted from the body-walls by being placed
in a solution of potash and mounted in balsam as microscopic objects.

e

Encrinus or Stone Lily.



CHAPTER V.
BRANCH V.—VERMES (WoRxs).

General Characters of Worms.—Having studied the
one-celled animals, or Protozoans, and the radiated animals,
or Celenterates and Echinoderms, we pass to an assemblage
of forms which even in the simplest types are seen to have a
dorsal and ventral, a right and left side, and a head and tail
end. It israre that the form of a worm is so modified by its
habits or surroundings but that we are able to call it a worm,
though when we attempt to draw up a definition of the
branch or sub-kingdom Vermes, one which shall exclude the
worm-like Holothurians or the Mollusks, or certain low mites
and crustacea, or cven the Amphiozus, we find it impossible
to lay down a set of characters which shall accurately and
concisely define them. This is due to the fact that the worns
are par excellence a generalized, synthetic type, from which
the other branches of the animal kingdom above the Protozoa
and sponges have probably originated. It will be well for
the student not to trouble himself at first about a definition
of the branch, but to study with care the leading types, and
then, in a review of the group, he will have a more or less
definite idea of the sub-kingdom, and perceive where its bor-
ders, here and there, merge into other branches, and he will
be then able to understand the grounds for the speculations
regarding the phylogeny or ancestry of the other branches,
which have all an apparent starting-point from low or simple
forms resembling such worms as we are next to describe.

As a provisional definition of a typical worm, we may say
that it is a many-celled, three-germ-layered, bilateral animal,
with a well-marked dorsal and ventral side and a head and
tail end, with the body in the higher forms divided at reg-
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ular intervals into segments (somites or arthromeres), with
usually a definite relation of the more important viscera to
the body-walls—i.e., a digestive tract extending from the
head to the end of the body, the nervous system consisting
of a brain, or supraesophageal ganglion, and a single or,
more commonly, double chain of ganglia, resting on the
floor of the body ; a dorsal vessel or heart is usually present
being situated above the digestive tract. True jointed
appendages are never present, and in the embryo the
blastoderm is usually without any ‘¢ primitive streak ’’ (the
Annulata excepted). This definition will exclude the worm-
like Actinozoa and Holothurians.

Before describing the lowest class of worms, we may call
attention to a small aberrant gronp called Mesozoa by K.
Van Beneden, the position ‘of which is doubtful, though the
animals composing it are probably aberrant worms.

In 1830 Krohn observed in theliquid bathing the ‘‘ spongy
bodies,”” or venous appendages, of different species of
Cephalopods certain filiform bodies, covered with vibratile
cilia, and resembling Infusoria. They were afterward named
Dicyema by Kolliker, who with others considered them as
intestinal worms. In 1876 Professor E. Van Beneden gave
a full account of their structure and mode of development.
He states that these organisms have no general body-cavity,
but that the body consists (1) of a large cylindrical or fusi-
form axial cell, which extends from the anterior extremity
of the body, which is slightly enlarged into a head, to the

posterior end ; (2) of a single layer of flat cells forming
around the axial cell a sort of simple pavement epithe-
lium, All these cells aro placed in juxtaposition like
the constituent elements of a vegetable tissue. There is
no trace of a homogencous layer, of connective tissue, of
muscular fibre, of nervous elements, nor of intercellular
substance. Thero is only between the cells a homoge-
neous substance, such as is found between epithelial
cells. The axial cell is regarded as homologous with the
endoderm of the higher animals (Mefazoa). Van Beneden
designates as the ectodermic layer the cells surrounding the
large, eingle axial cell. There exists no trace of a middle
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layer of cells, nor of any organs, all the animal and vegeta.
tive functions being accomplished by the activity of the
ectodermic cells and of the single axial cell. There is no
mesodermic cell or cells. On account of these characteris-
tics, Van Beneden
regards these or-
ganisms as forming
the type of a new
branch of the ani-
. mal kingdom,
= which he distin-
guishes as Mesozoa.
He places the
branch, or sub-
kingdom, between
the Protowa and
all the many-celled
animals (Metazoa),
X, and includes the
o8 hypothetical Gas-
[|&§ traades of Haeckel

\ in the branch.
4} While this position
/9§ may prove to be
‘4 the correct one, we
\  should prefer,while
“\\4\ not overloeking the
|| #/ resemblance of the
Dicyemide to the
Infusoria, and even

Fig. 92.—a, Dicyemella Way ' g, . germigenes ; n, .
nuclens of the axial cell ; b, t ospﬁeﬁml germ of Dicye- the Gregannaa, to
mella, with its striated nucleus ; ¢, the same beginning . .
to undergo self-division ; , final stages of self-division wait for more light
(morula); ¢ and £, infusoriform embryo; A, germs of
the vermiform embryos of Dicyema typus; i, gastrula ON the development

of the same; &, {, m, o, different stages of vermiform ottt
larve of Dicyema typus, all highly magnified.—After £, Of  the  parasitic

R Sheandion. Platyhelminth
worms. It is not improbable, on the one hand, that the
Dicyemide, retaining their parasitic life, are retrograde
forms, which have originated from some low Cestoid or
\ id worm, and bear the same relation to them, the
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Cestoids especially, which have no body-cavity, as the Tar-
digrades or Linguatule do to the higher Aracknida.

Each species of Dicyema and. Dicyemella (Fig. 92) com-
prises two sorts of individaals, differing externally, one (the
Nematogene) producing vermiform embryos, the other
(Rhombogene) infusoriform (but many-celled) young. The
Nematogenes produce germs which undergo total segmen-
tation, and assume a gasfrula condition. After the closure
of the primitive opening, the body elongates, and the worm-
like form of the adult is finally attained, when it passes
through the body-walls of the parent.

The germs of the Rhombogenes arise endogenously in
special cells lodged in the axial cell, and called ‘ germi-
genes.”” The germ-like cells undergo segmentation, and
then form small spheres, which become infusoriform em-
bryos. The worm-like young is destined to be developed
and live in the Cephalopod where it has been born, while
the infusorian-like young probably performs the office of
disseminating the species. It is possible that in those ani-
mals, such as the Cetacea, which feed on cuttlefishes, these
worms (the Nematogenes at least) may pass into a genuine
vermian form.

Crass I.—PLATYHELMINTHES (Flat-worms, Tape-worms,
Fluke-worms, elc.)

Order 1. Turbellaria.—In any pond of standing water
one can find on the under side of sticks or stones, small
dark flat worms. These are Planarian '
worms. The common dark-brown,
slmost black Planaria forva Miller
(Fig. 93) is about six or eight milli- I
metres long, oblong, flat, with two
black eye-spots, with an oblong oval
space in front of each eye. A form
allied to this is a perfectly white Plana- ]
rian called Dendrocolum lacteum Oersted, which lives under

3 . 94,
ﬂ%?ia Dengi‘wdm
lorva. Percamcumn.
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submerge: stones, sticks, and leaves in ponds. The body
is partly transparent, with a dark area representing the
stomach, from which branch out at right angles a multi-
tude of coecal canals (gastric cceca). It has two small
black eye-specks. Closely allied to this flat worm is an eye-
less form inhabiting the streams of the Mammoth and ad-
joining caves, which may be called Dendrocalum percecum
(Fig. 94).

The foregoing forms are easily obtained by the student,
who can study their habits in confinement. They all be-
long to the order Turbellaria, which is characterized by the
flat, oval body, covered with cilia. The ciliary motion can
be detected, as Moseley has done, by placing a little arrow-
root meal or fine bits of paper on the back of the animal ;
these were seen to move in a forward direction on the an-
terior part of the body of Geoplana flava Moseley, a Bra-
zilian land-planarian, and posteriorly they moved backward.

“In all regions of the dorsul surface it moved outward,
as was observed by Fritz Miiller, at the same time as back-
ward or forward, and was thus rapidly thrown off at the
side of the body, the dorsal cilia apparently subeerving
especially this function of the speedy removal of foreign
substances from the surface of the body > (Moscley). The
structure of the flat worms may be understood by referring
to Fig. 95, which illustrates the anatomy of a common
European marine flat-worm. The digestive canal opens by
a mouth situated usually behind the middle of the body,
which leads into a chamber containing a cylindrical or
funnel-shaped proboscis, capable of being suddenly thrust
out. The digestive canal is either a short blind sac, or is
long, forked, and either simple or much branched (Fig.
95, e).

These worms have a so-called water-vascular system, con-
sisting of two lateral canals and numerous branching lat-
cral stems, with a common opening or pore in the skin be-
tween the two main stems, or there may be many pores.
The vessels are ciliated within, and are supposed to have a
respiratory or excretory function. The nervous system con-
gists of a double ganglion situated on the front end of the
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body (Fig. 95, f), from which nerves pass in different
directions, but a trne nerve-cord is not known with cer-
tainty to exist.* The eyes are very simple, indicated by
two or more, sometimes
thirty, dark pigment spots.
In certain forms, such as
Macrostomum, there is a ru-
dimentary ear (otocyst).
Most of the Planarians,
land and aquatic, have organs
of defence in the form of
minute, stiff rods, either
coiled np in an irregularly
gpiral manner, or short and
straight, contained in oval
cells. These bodies are shot
out in great numbers when
the animals are irritated, but
arc not retractile, being pro-
jected clear from the skin.
In being neither retractile
nor barbed, they differ from
the lasso-cells of the jelly-
fishes. That, however, they
are true urticating organs
has been proved by Mr.
Thwaites (at the suggestion b“;:,%&‘{;-;f’{:?’?‘ii’ém‘;’g%mm’?é‘ ”:1
of Mr. Moseley), who, on ;'.&?ﬁﬁ"; o thwten s R, vorloales semainaled
touching certain Ceylonese rinl®, 5" i, fauo e bridict
land - planarians  with his —Afier Quatrefages.
tongue, felt an unpleasant tingling or scalding sensation,
accompanied by a slight swelling.

* Schmarda describes the nervous system of Bipalium dendrophilus
a3 formed of two pairs of ganglia, from the hinder of which arise two par-
allel nerve-threads, which dilate into at least nine swellings. Moseley
discovered no more than oue pair of ganglia in the species of Bipalium
be examined. Blanchard has demonstrated ‘‘ successive ganglionic
repetitions along the nervous-threads at the right and left sides of the
mid-line of the body of a large Planarian (Polycladus Gayi Blanch.).”’—
Clark’'s ‘‘ Mind in Nature,"’ p. 258.
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The Turbellaria are hermaphroditic, the ovaries and testes
with the accessory apparatus (Fig. 95) being present in the
same individual ; but in many forms the sexes are distinct.

Little is known of thc development of the flat-worms.
In a common marine Planarian, Stylochus elliptica (Girard),
which is about two centimetres long, and lives under stones
between tide-marks, north of Cape Cod, the eggs are depos-
ited in May and June, in a thin, viscid band, on stones and
sea-weeds. The eggs undergo total segmentation in four or
five days after they are laid. The larva is round, ciliated,
with a caudal flagellum. In eight or ten days after the
larva has hatched, it stops swimming about, and becomes a
‘“ mummy-like body,”” which Girard calls a ‘‘ chrysalis.”’
In this state it floats about in the water. Its farther his-
tory is unknown.

In Leptoplana (Polycelis), according to Keferstein, the
yolk undergoes total segmentation as in Stylochus; the
outer layer of cells forms a blastoderm which surrounds the
more slowly growing cells within. Keferstein describes
and figures the various stages by which the spherical cili-
ated embryo attains the form of the adult, whose devel-
opment seems to be less in the nature of a metamorphosis
than that of Stylochus.

The Planarians also in some species mul-
tiply by fission, and when cut into pieces,
according to H. J. Clark, each piece may
eventually become a well-formed Planarian.
Clark figures in his ‘‘ Mind in Nature’’ two
Planarians derived from two sections of
Dendrocelum lacteum, which became fully
developed within eleven days after the opera-
tion. Several Turbellarians are known to
undergo spontaneous fission.

Catenula lemn® Duges, by transverse di-
vision, forms chain-like aggregations, and

Fig. 96.—Catenu-
gwuggl’;gh};g‘&‘: a South African species, C. quaterna, of
& Affer“Schimarca. Schmarda, has been found by him to have the
e habit. TFig. 96 represents two individuals (much

) in partial division, and a chain of five individ-
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uals, natural size. The same process of strobilation has
been carefully observed by Graff in Microstomum linears
Oersted. In the chain of four individuals (Fig. 97) I indi-
cates the division of the first order, and II those of the
second order ; at the points in the zooids marked III there
are indications of a future third saubdivision, and at IV of
a fourth ; so that potentially the chain con-
sists of axxwen zooids, and the division is
first indicated in the digestive tract which
forms subdivisions with septa reaching to
the body-walls, while secondary and tertiary
mouth-germs appear in the division-sections
(m’, m*, Fig. 97).

Huxley in his Manual of the Anatomy of
Invertebrated Animals states that in some
genera of Turbellarian worms ‘“‘a difference
is observed between the eggs produced in
summer, which have a soft vitelline mem-
brane, and those produced later. These so-
called winter ova have hard shells.

The genuine flat-worms are divided into
two suborders : Rhabdocwla and Dendrocela.
In the former group there is an extensible
pharynx, and the digestive tract is not
branched. The Rhabdoceela are represented
by Catenula, Prostomum, Microstomum, etc.

The Dendrocela sometimes have two tenta-
cle-like continuations of the front end of the
body. The digestive canal has one anterior, two
posterior large, and many secondary branches, rig. o7.—strom-
and a proboscis. Here belong the Planarians Jhon,or fifdivi
of fresh and salt water, and the Geoplanidm TvD lineare—Al-
or land-planarians, represented in the United
States by Rhyncodesinus sylvaticus Leidy. The only para-
sitic species of the order known are Stimpson’s Cryptoce-
lum opacum, which infests the sand-cake (Echinarachnius
parma), and Typhlocolaz acuminata, which lives on a Hole-
thurian (Chirodota) ; while Semper has described 4nopio-
dium Schneideri, which lives in the intestines of Stéchopus
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variegatum and Malleria lecanora, two East Indian Holo-
thurians.

The Planarian worms merit careful consideration, as it is
possiblo that the Mollusca have originated from primitive
forms resembling them.

Order %. Trematodes.—Having studied the Planarians,
we shall be able to appreciate the characteristics of the Tre-
matode worms, which are all parasitic, and are constructed
on the dendrocelous planarian type, more or less modified
by their parasitic life, some being external, but most of
them internal parasites. They closely agree with the Tur-
bellaria in form, never being segmented. The mouth-open-
ing is usually situated near the fore-end of the body (some-
times in the centre), leading by a muscular pharynx to the
digestive canal, which is forked and ends in two ceeca. Uni-
cellular glands open into the pharynx. In one genus (4Am-
philina) there is no digestive canal.

The Trematodes usually possess what the Turbellarians
do not have, a sucking-disk (Fig. 98, B, «), situated a little
hehind the middle of the body, by which they adhecre to the
walls of the organ of the host they inhabit. The so-called
water-vascular* or cxcretory system forms a network of
vessels branching from two main lateral tubes, which unite
to form a contractile vesicle ending in a terminal pore, or
the main branches may end in two or more lateral pores.

The fact that there is no anal opening seems to confirm
the idea that the water-vascular system is excretory, thus
affording the only outlet for the waste products of diges-
tion. There are no blood-vessels or respiratory organs, and
the surface of the body is not ciliated except in the embryo.
The nervous system is unsually represented by a single gan-
glion, like that of tho Turbellurians. Eye.spots are some-
times present in the young, which, with other pointsin their
organization, tends to show that the Trematodes have origi-
nated from Turbellaria, having been modified by their para-

* That the so-called water-vascular system is mainly at least excretory
in its function seems proved by the fact that the fluid is watery and
contains granular concretions, thus resembling the urinary excretions
of the higher animals.
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sitic life, and with somewhat the same relations to Turbella-
rians a8 Lernaan parasites have to the normal Copepoda, or
water-fleas.

There is always one sucker which usually encircles the
mouth, the other (ventral) sucker varies in position, and
sometimes there is, as in the externally parasitic Polysto-
mide (Aspidogaster, Polystomum, etc.), a sucker on each
side of the mouth-opening. In some forms there are two
large chitinous hooks in the median line between the hinder
suckers, of which there may be several.

The reproductive glands are more or less complicated, and
are much as in the Turbellarians. The eggs are formed (as
in Cestodes, Turbellarians, and Rotifers) by two distinct
glands, a germigene and a vitellogene, the latter forming the
nutritive mass which cnvelops the protoplasmic germ or egg
proper, the entire mass being afterward enveloped by the
egg-shell. Frequently two or more eggs are enclosed in
one shell. The species are mostly monecious, the external
opening of the oviduct and the large intromittent organ
being contiguous.

The development of the egg begins by subdivision of the
nucleus ; the nucleolus then divides, and subsequently the
protoplasmic mass. The yolk, however, remains entirely
independent of this division, and serves as nourishment for
the other cells forming the body of the embryo. From E.
Van Beneden’s observations it appears that the eggs of the
lower flukes, as a rule, undergo total segmentation, and the
young of the Distomez are hatched in an oval ciliated
*¢ trochosphere ”’ form, without eye-specks, as in Distoma
and Amphistoma ; or, asin the Polystomee, there is no meta-
morphosis, but development is direct, the embryo passing
directly into the adult condition.

It was not known before the publication of Steenstrup’s
work in 1842 that certain worms called Cercari® were the
free larval forms of the Distomes. The Cercaria echinatla,
first described by Siebold, is like a Distomum, except that
the body is prolonged into a long extensible tail. This tail,
says Steenstrup, is formed of several membranes or tubes
placed one within the other, of which the outermost is a
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very transpareunt epidermis, under which is a tolerably thick
membrane furnished with transverse muscular fibres, while
between each pair of these transverse fibres is placed a globu-
lar vesicle which appears to be a mucous follicle or gland ;
the innermost tube is opaque and of firmer consistence ; it
contains the longitudinal muscular fibres, and is usnally re-
ticulated on the surface. Through the centre of these tubes
there passes a slightly narrower canal, which becomes very
small toward the extremity of the tail. The existence of
the same layers in the body itself of the Cercaria can easily -
be demonstrated ; but the transversely striated layer is here
not so much developed.

Steenstrup states that these Echinate Cercari® (Fig. 98)

Fig. 08.—Metamorphoeis of a Cercaria into a Distomam. lnmt nuree ; ¢, germs ;
a.ngne B, larvi o:p C, encysted, pupal Cercaria. D, Distomum.—Aftee

Steenstrmp.

are found by thousands, and frequently by millions, in the
water in which two of the largest European fresh-water
snails, Planorbis cornea and Limneus stagnalis, have been
kept. After swimming about in the water some time, they
fix themselves by means of their suckers (B, s) to the slimy
skin of the snails, in such numbers that the latter look as if
covered with bits of wool.

The Cercaria, by contractions of its body and violent lash-
ing of the tail, forces its way into the body of its host, loses
its tail, and then resembles a mature Distoma. By turning
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sbout in its place and secreting a slime, a cyst is gradually
formed, with a sphericalshell. This constitutes the * pupa >’
state of the Cercaria. Steenstrup thinks that the Cercaria
casts a thin skin. In this state the body can be seen through
the shell of the cyst, as in Fig. 98, C, where the circle of
spines embedded around the mouth is seen. The encysted
Cercarise remain in this state from July and August until
the following spring ; and during the winter months, in
snails kept in warm rooms, they change into Distomas (Fig.
98, D), the mature fluke differing, however, in some im-
portant respects from the tailless larvee. In natore they
remain from two to nine months in the encysted state.

‘ Now,”” asks Steenstrup, ‘‘ whence come the Cercaris ?’’
Bojanus states that he saw this species swarming out from the
*“king’a yellow worms,’’ which are about two lines long and
occur in great numbers in the interior of snails. From these
are developed the larval Distomes, and Steenstrup calls them
the ‘“ nurses ’’ of the Cercari® and Distomes. They exactly
resemble the ¢ parent-nurses’’ (Fig- 98, A4, and 100), and,
like them, the cavity of the body is filled with young, which
develop from egg-like balls of cells. Steenstrnp was forced
to conclude that these nurses originated from the first nurses
(Fig. 98), which he therefore calls ‘‘ parent-nurses.”” Here
the direct observations of Steenstrup

A

on the Cercaria echinata came to an < A
end, but he believed that the parent-

nurses came from egge. The link in

the cycle of generations he supplied

from the observations of Siebold,

who saw a Cercaria-like young (Fig.

99, B) expelled from the body of the

ciliated larva of Monostomum muta-

bide. Steenstrup remarks that ¢ the :

t of

first form of this embryo is not un- py. 09—

like that of the common ciliated pro- Xopoetomum. 4. cllated ares;
geny of the Trematoda, as they have 2 rore— ter Siebold.
been known to us in many species for a long time, and it
might at first sight be taken for one of the polygastric in-
fusoria of Ehrenberg, which also move by cilia ; whilst in
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the next form which it assumes the young Monostomum
bears an undeniable resemblance to those animals which
I have termed  nurses’ and ¢ parent-nurses’ in that species
of the Trematoda which is developed from the Cercaria echi-
nata.”

Thus the cyele is completed, and the following summary
of changes undergone by the Distomes present as clear a
case of an alternation of gencrations as seen
in the jelly-fishes :

1. Egg.

2. Morula.

3. Ciliated larva.

4. Redia (parent-nurse, Proscolez) produc-

5. Cercaria (nurse, Scolez).

6. Encysted Cercaria (Proglottis).

. Distomum (Proglottis).

The Distomum echinatum (Fig. 100), living
in snails which are eaten by ducks, have been
shown by St. George to develop into the adult
Distoma in the body of that bird. It is gen-
erally the case that those Distomes which pass
through an alternation of generations live in
the larval state in animals which serve as food
for higher orders. Thus the Bucephalus of
the European oyster passes in the encysted
state into a fish which serves as food for a
larger fish, Belone vulgaris, in whose intes-
rcols of parene. tine the adult of the same worm, a species
Dure of WDulo- of Qasterostomum, occurs. The American
flied with cerca- oyster is infested by Bucephalus cuculus Ma-~
valsand Beneden. crady, It infests the ovary of the oyster.
Whether it is permanently injurious to the latter is un-
known.

Fasciola hepatica (Fig. 101), the liver-fluke, sometimes
occurring in man, is thought by Dr. Willemoes-Suhm to
lerin its existence as Cercaria cystophora, parasitic on a
species of Planorbis.

It is most abundant in sheep in the spring, several hundred
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occurring in the liver of asingle sheep. At this time it passes
into the intestine. and thence is carried out with the excre-
ment. The eggsor flukesin many cases drop -

into pools, ditches, or ponds ; here the cili-
ated young (like Fig. 99) is liberated, and
soon the ciliz are absorbed, when it becomes
inert, and probably soon afterward enters
the body of a snail (Planorbis, etc.), where
it transforms into a large sac, and devel-
ops new larve in its interior. This sac-
like larva is called a ‘‘ nurse,” * sporo-
cyst,’” or, when more highly developed, a
““redia.”” 'The progeny of the redia is
termed a ‘“cercaria.”” The cercarie are
restless, migrating from the bodies of their
snail-host, and have been known in a few
instances to penetrate the skin of human
beings. They are probably more usually
swallowed by sheep and cattle while drink- ;.e}; ioa, enlarged.
ing or grazing, when snail-shells may be ll’r'.'o';fhéén-g:‘:sn\crﬁ
accidentally swallowed. From the diges- Berede

tive canal of sheep, etc., the cercarie penetrates into the
liver, where it probably loses its tail and becomes encysted,
after many weeks or even months becoming a sexually ma-
ture distome. From. the liver it passes out through the
liver-ducts into the intestine, and is finally expelled, thus
completing its cycle of life (Cobbold).

Distomum lanceolatum Mehlis differs from Fasciola he-
patica in the intestine being simple and forked, while that
of the latter is much branched. It has occurred but three
times in man, but is not rare in the sheep and ox. It has
been detected in Europe in the pig, deer, rabbit, and hare.
Two immature Distomes have been found in the human
eye, and Cobbold thinks they may both be the young of
D. lanceolatum. 1t is described by Diesing under the name
of Distomum ophthalmobium, is half a line in length, and
occurred between the lens and its capsule, appearing as dark
spots on the surface of the lens. Distomum crassum Busk
and D. heterophyes Siebold have each been only once

15. " 101. — Fusciola
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found in man, the former in a Lascar, the latter in an
Egyptian boy.

Bilkarzia hematobia Cobbold is common in the portal
system of blood-vessels and in the veins of the mesentery,
bladder, ctc., of Egyptians, and has caused an endemic dis-
ease at the Cape of Good Hope. In Egypt, out of three
hundred and sixty-three posé-mortem examinations, this
worm occurred one hundred and seventeen times. It is
bisexual, the female greatly smaller than the male, living in
a canal or passage in the male formed by the infolding of
the edges of the concave side of the body, called a gynaco-
phore. There are three other rare human flukes known :
Tetrastoma renale Delle Chiaje, Hexathyridium pinguicola
Treutler, and H. venarum Treutler, the latter occurring in
the veins (Cobbold).

The nurse of Distomum macrostomum Rudolphi (Fig.
102), described under the name of Leucockloridium, is
cylindrical, and strongly resembles a maggot; its strange
habitat is the tentacles of a snail (Succinea).

Of the second suborder, Polystomem, the species have two
small anterior and one or several posterior suckers, and a

pair of eyes. They are
mostly external parasites,
like the leeches, aud un-
dergo no metamorphosis.
In some forms the body
is segmented. °
2 A type of this suborder
is Aspidogaster conchi-
Hving In the tentacies of Succinens 3 aTaw. cola Baer, which inhabits
BTk trom which v has grown. Naturei size, the pericardial cavity of
—After Zeller. fresh-water mussels, and
also is an ectoparasite of fresh-water fishes. Diplozoon
consists of two Trematodes very intimately uuited into an
X-formed double animal. In the young stages the two ani-
mals are separate, and in this state were described under the
name of Diporpa. Diplozoon paradozum Nordmann lives on
the gills of numerous fresh-water fishes. Polystornum has
a flat body, without suckers on the fore end, with six suck-
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ers and two large median ventral hooks on the hinder end.
The ripe eggs are deposited in the water in winter, when
the cilisted young, with four eyes and without suckers, find
their way into the gill-cavities of tadpoles, whence, during
or after metamorphosis, they pass into the urinary bladder
of young frogs; P. integerrimum Rudolphi lives in that
of Rana temporaria (Claus’ Zoologie).

A case of budding or parthenogenesis is said o occur in
the genus Gyrodactylus. This is a very small Trematode
with a large terminal disk, bearing a peripheral set of pow-
erful hooks, with two long curved median spines. The
body of the hermaphrodite worm shelters a daughter, a
granddaughter, and great-granddaughter generation. G. ele-
gans Nordmann lives on the gills of Cyprinoid and other
fresh-water fishes. Dactylogyrus lays eggs, not being par-
thenogenetic ; it has four head-flaps. D. amphibothrium
Wagener lives on the gills of the stone-perch ; D. fallaz
Wagener on Cyprinus rutilus.

Order 3. Cestodes.—The common tape-worm is the type
of this order. Specimens may be procured from physicians,
and a careful examination of cross-sections and ordinary
dissections will convince the student that the tape-worm has
no mouth, although a head armed with suckers or hooks.
The body is divided into an enormous number of segments
or proglottids, but there is no digestive canal, the worm
living immersed in the contents of the intestines of its host ;
its food being absorbed from the juices of its host through
the walls of the body.

The tape-worms and their allies are not known with cer-
tainty to have any trace of a mervous system. The water-
vascular system is well developed in the Cestodes, where it
scems to be excretory in its functions, as in the Trematodes.
There are usually four, sometimes only two, longitudinal
canals, which are connected in the head and in each segment
with transverse anastomosing branches, while from these main
canals a network of fine vessels branch out. Granules and
whitish chalky deposits occur in the canals, and these con-
cretions, like similar bodies in the excretory canals of Tre-
matodes, seem to have, Leuckart claims, a relation like that
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of the crystals of oxalate of lime in the uriunary tubes of
many insects and the concretions of phosphate of lime in
the organ of Bojanus of Lamellibranch mollusks.* The
canals terminate in a small pulsating vesicle and pore, as in
the Trematodes.

The Cestodes are hermaphroditic. and each of the body-
segments except those nearest the head contains male and
female reproductive organs. The male parts consist, as in
the Trematodes, of testes, vasa deferentia, and a muscular
sac with a cirrus or intromittent organ, which may penetrate
the vagina of the same segment. The female organs consist
of an ovary (germigene), yolk-stock (vitellogene), uterus or
matrix, receplaculum seminis, and vagina, the latter opening
by a pore situated in Z@nia (Fig. 107) on the side, or in
Bothriocephalus on the ventral surface of the segment.
There is a great deal of variation in the reproductive organs
of the tape-worms; a general idea of the relations of parts
may be obtained by reference to Figs. 107 and 109. The
ovary forms the most important part. It is much devel-
oped and very complicated in structure. As Gegenbaur
states : ‘“ The preservation of the species is here subject to
innumerable difficulties, owing to the animal living in dif-
ferent hosts at different stages of development, and to the
wanderings which this mode of life entails ; consequently a
large number of ova have to be produced, and the cer-
tainty of fecundation insured.”” (Elements of Comparative
Anatomy, second edition, English translation.) The
male organs and products arc first developed, and the
receptaculum seminis stored with spermatic cells before the
eggs fully develop in the ovary, and all these parts develop
earliest in the terminal segments of the body destined to
form the proglottides.

Deveclopment begins very probably, as in the Trematodes,

# This is Leuckart’s opinion. Sommer and Landois claim that thess
bodies are scattercd through the substance of the body, and do not
occur in water-vessels. Huxley endorses this view. But if these bodies
are concretions and the water-vessels are mainly excretory, as they cer-
tainly appear to be, we should judge that Leuckart’s view was the bet.
ter grounded.
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through multiplication by division of the nucleus (germi-
native cell). In the eggs of T@nia bacillaris E. Van Beneden

. 108.— Tania solium. Nat. size, . 104.—Head and proglomnof
th the head nugnlﬂed Strobila stage. T. soltum.—After Beneden.

gaw the nucleus subdivide ; after passing through a morula
condition the cells are arranged in two layers, and the outer

Digitized by :OOSIC



\‘

156 ZOOLOGY.

layer is thrown off (this probably corresponding to the serous
membrane of insects and crustacea); the central mass
(which is not hollow as in the gasirula of other worms, a
digestive cavity not being present in after life) forms the
embryo, and soon three pairs of hooks arise. Three struc-
tureless membranes are secreted around the embryo, which
then hatches. The embryo of Bothriocephalus is provided
with a ciliated membrane, which corresponds to the first
blastodermic moult of the embryo Twnia, which, on the
other hand, is not ciliated.

The history of the human tape-worm, Twma solium (Fig.
103) is as follows : the eggs eaten by the hog are developed
in its body into the larval tapeworm (scolex), called in this
species Cysticercus cellulose (Fig. 105 ; Fig. 106, head en-
larged). The head with its suckers is formed, and the
body becomes flask-shaped ; the Cysticerci then bury them-
selves in the liver or the flesh of pork, and are transferred
living in uncooked pork to the alimentary canal of man.
The body now elongates and new joints arise behind the head
until the form of the tapeworm is attained, as in Fig. 103.

The hinder joints then become filled with eggs and break
off, becoming independent zooids comparable with the
¢ parent-nurses >’ of the Cercarias, except that they are not
contained in the body of the Tenia (as in the Cercaria), but
are set free. The independent joint (Figs. 104, 107) is
called a *‘ proglottis.”” It escapes from the alimentary tract
of its human host, and the eggs set free, in and about
privies, are swallowed by that unclean animal, the pig, and
the cycle of generations begins anew. We thus have the
following series of changes, which may be compared with
the homologous series in the flukes :

1. Egg.

2. Morula.

8. Double-walled sac (gastrula ?).

4. Proscolex, free embryo with hooks, surrounded by a
blastodermic skin.

5. Scolex (Cysticercus, larva). Body few-jointed.

8. Strobila (Tenia). Body many-jointed.

" Proglottis (adult).

LY
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The common human tape-worm, 7T@®nia solium Linn.,
varies from ten to thirty feet in length ; there are upward
of eight hundred joints in a worm ten fect long. The head
ends in a rostellum or proboscis armed with a double crown
of hooks ; the first proglottis or sexually mature segment
begins at the 450th. While in some persons the presence
of a tape-worm is simply an annoyance, in nervous and irri-
table persons it causes restlessness, undue anxiety, and wari-
ous dyspeptic symptoms. In rare cases (over a hundred are
known) death has resnlted from the prescnce of the Cysticer-

Mg 205.—
cercus, or
‘Tape-worm.

larval

Fig. 106.—Head of T@nia acanthofrias (Cysticercus)
enlarged, showing the suckers (.5) and circle of hooks.

cus in the brain. ¢ Cysticerci may develop themselves in
almost any sitnation in the human body, but they occur
most frequently in the subcutaneous, areolar, and intermus-
cular connective tissue ; next, most commonly in the brain
and eye ; and, lastly, in the substance of the heart and other
viscera of the trunk ’’ (Cobbold). Among the preventive rem-
edies against tape-worms is the disuse of raw or underdone
pork, and ‘‘ measly’’ pork—i.e., the flesh of swine contain-
ing the little bladder-like vesicles. Cysticerci, or larval tape-
worms, can be readily distinguished, but when thoroughly
cooked are harmless, as the temperature of boiling water is
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sufficient to kill the Cysticerci. Butchers especially suffer
from tape-worms, from their habit of eating bits of raw
meat, beef and veal harboring Cysticerci, which transform
into species of T@nia nearly as injurious as Tenia soliuna.
As a matter of course, in the use of drugs to expel a tape-
worm, they should be pushed so as to carry off the entire
animal, a8 new segments grow out from near the head as
rapidly as the proglottides are detached.

The Cysticercus of another injurious tape-worm lives in
the muscles and internal organs of cattle. This is the Tenia
= mediocanellata of Kichen-
e = - R
= : \ meister, which is larger,
| ‘[ > e s \ with alarger darker head,

‘ ’ A7 Ay larger suckers, and with-
out a rostrellum or hooks.
By far the most injurious
species is 7e@nia echinococ-
cus Siebold (Fig. 108},
more frequently causing
death than any other en-
tozoon. In its adult or
strobila state this worm
only infests the dog and
wolf, but its larva, the
hydatid of physicians, fre-
quently occurs in the hu-
man body. It is very
small, seldom exceeding
six millimetres in length,
there being but four
segments, including the

Pig. 107.—Proglottis of T. slium. a, testi: head, which has a pointed

b, eperm duct ; ¢, orifice of cirrus; d. matnx .
filed. with eggs ; ¢, vagina ; f, sexual cloaca.— rostellum, with a double

After Benedel. crown of large-rooted
hooks ; there are four suckers present, and the last segment,
when sexually mature, is as long as the anterior ones taken
together. The hydatid ( proscolez) forms large proliferous
vesicles, in which the scolices (Echinococcus heads) are de-
veloped by budding internally. About five thousand eggs
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are developed in a single segment (proglottis). The six-
hooked embryos develop, are expelled from the dog, and
find their way in drinking-water or in food into the human
intestines, whence they bore into the liver, their favorite
habitat, or arc carried along the blood-vessels into some
other organ, where they develop into bladder-like bodies
called acephalocysts or hydatids. In its
earliest stages the hydatid is spherical and
sarronnded by a capsule of condensed con-
nective tissne of its host. By the fourth
week the young 7. echinococcus is one half
a millimetre (one-fiftieth inch) in length,
and it i3 probably many months before the
Echinococci heads are entirely developed.
When this stage is reached the tape-worms
become sexually mature in from seven to
nine weeks after, when the milk-white
worms may usually be found embedded in
the mucus of the duodenum and upper
part of the small intestines, with their
heads attached to the villous surface of
the intestine. The hydatids or cysts in
which the Echinococci develop are of
three kinds—viz., exogenous, endogenous,
and multilocular, and lie embedded in the
parenchym of the liver, etc., and are filled
with a clear amber-colored fluid. The
Echinococcus heads, first on the inner sur-
face of the cyst and in the interior of the
Echinococcus-head (brood-capsule), devel-
ops a second brood of scolices, contained

in & secondary cyst. Finally, a tertiary ehiosoons. — At

neden.

cyst, containing tertiary or granddaughter Be
scolices, arises. Sometimes the secondary hydatids will de-
velop scolices and granddaughter vesicles before the original
l':';temal hydatid has acquired Echinococcus heads (Cob-
d).
The largest human tape-worm is Bothriocephalus latus
Bremger (Fig. 109).
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This worm is extremely rare in America, but is common in
Western Switzerland and Central Europe, and in the north-
western and northern provinces of Russia, Sweden, and
Poland. It is sometimes twenty-five feet long, and nearly
an inch broad, with 4000 joints. The club-shaped head is
unarmed, and the first sexually mature segment is about

Fig. 109.—Male reproductive organe, with parts of the female of Both g
latus. ¢, testicular follicles, only a part are represented : ve, their excretory ducts g
vd, vas deferens : ¢, cirrus ; ¢b, rac containing the cirms ; u, uterns containi :
::'d ovary ; gi, a;hell-gcland i e watcr-vascular trunks ; o, vaginal canal.--After oia

8 ; from Geg .

the 600th from the head. Leuckart has suggested that
the young of this tape-worm originate in salmon and
trout.

The sheep-hydatid is the larva of Tenie cenurus (Figs.
110 and 111), the adult infesting the dog. The presence of
one or several of the hydatids iu the brain of the sheep pro-
duces the ‘‘ staggers >’ or vertigo. The vesicle varies in size
from a pea to a pigeon’s egg. It is bladder-like, filled with
a clear pale yellow albuminous secretion, with a great num-
ber of retractile papille (D, g), which are the tape-worm heads
connected by narrow stalks to the common vesicles support-
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ing the colony. This hydatid also infests cattle, the horse,
goat, various species of antelope and deer, the dromedary,
and, it is said, the rabbit. “‘ In the sheep the disease is rec-
ognized at first by a heavy, stupid, wandering gait, which

P"lg. 110.—A, brain of a eheep which three weeks lons had swallowed some

of 7', comwrus. and which was killed after having shown all the symptoms of ** stag-
g!." B b, isolated gallery formed by the worm at the snrface ofym«e brain, the sco-

being fonnd at the end of the gallery. Bec. vesicle (proscolex) before the birth of
the scolex. B d. vesicle in which the rcollces will ppear, C, vesicles which have
gvdneadmaeollees. D. the hydatid vesicle ining gg, tho dary vesicl

rcolex of 7. camnurus, corresponding to a secondary vesicle D g, and very much
magnified and invaginated. a. point at which the head of the worm will issue out ;
0. point of junction with the hysxtid vesiclo ; ¢, hooks ; d, the suckers ; ¢, the neck ;
J. the wall of the hydatid cyst.—After Beneden.

is frequently succeeded by irregular, tortuous, whirling
movements of the body, accompanied with convulsions (Cob-
bold).

The simplest form in the order is Caryophyllmus, in
which the body is not jointed in the adult, though it is so
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in the young, and there are no suckers or hooks ; while
there is but a single set of male and female reproductive
organs situated in the posterior end of the body, which can

be detached from the ante-

\ rior part of the body, form-
¢ ing a proglottis. In fact,
P
e &

this form is a connecting
link between the Tremafoda
and Cestodes. Curyophylleus
:n:o:v“:: gﬁ%}ﬁ%ﬁ%ﬂ mutabilis Rudolpliliopliges in
’ ' the intestines of Cyprinoid

fishes ; the young in & worm, Tubifex rivulorum.

Tetraryhnchus is provided with four very long slender
extensile spiny cephalic processes or beaks. The young live
encysted in bony fishes, the adults occurring in the intestines
of sharks and rays.

In Ligula the body is ribbon-shaped, not jointed, with a
series of sexual organs, and there are no suckers, and some-
times no hooks. L. simplicissima Rud. lives in fishes and
amphibians, and attain maturity in the intestines of water-
birds, which feed on the former animals. This genus con-
nects the simpler tape-worms with Bofhriocephalus and
Tenia.

Crass I.—PLATYHELMINTHES.

More or less flattened worms, with the body usually unsegmented ; the
head in the Cestodes often armed with hooks or suckers. Simple or branched
(Turbellaria) or forked (Trematoda) digestive tract, but no general body-
cavity. (The digestive cavity is entirely wanting in the Cestodes.) Nervous
system represented by a double cephalic ganglion, absent in the Cestodes. A
system of vessels corresponding to the water-vascular system of Echinoderma,
but supposed to bs mainly excretory in function. Monmcious, rare’y bi-
serual. Ovaries differentiated into a germigene and vitellogene ; oflen par-
thenogenetic, accompanied by strobilation in the tape-worms. W hen alter-
nation of generations vecurs by dbudding, the sexual animals are uniled with
their nurse or @ sexual form into a polymorphic colony.

Order 1. Turbellaria. —Flattened ovate worms, with a nervous gan.
glion in the head ; usually cye-specks ; body externally cili-
ated, with 8 much-branched digestive canal. Nettling
organs often present. Unisexual, rarely bisexual ; strobi-
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lation very rare ; a metamorphosis in the Dendrocela, the
larva being a trochosphere. Suborder 1. Rhabdocela (Mo-
nocelis, Catenula, Mesostomum). Suborder 2. Dendrocals
(Planaria, Dendrocelum, Geoplana, and Bipalium).

Order 2. Trematoda.—Usually flit, oval, rarely cylindrical, not seg-
mented, parasitic worms, with a mouth, forked intestine,
no anus ; a large sucker near the middle of the body, or
several smaller ones ; either with a metamorphosis (Dis-
tomese), the larva living in mollusks, etc., the adult in ver-
tebrates; or with direct development (Polystomes). Bub-
order 1. Distomea (Monostomum, Amphilina, Distomum,
Amphistomum). Suborder 2. Polystomes (Aspidogaster,
Diplozoon, Polystomum, Gyrodactylus).

Order 8. Cestodes.—Parasitic, usually ribbon-like worms, without any
mouth, digestive canal, or nervous system ; with an (ex-
cretory) water-vascular system ; hermaphrodite, the joints
{proglottis) numerous and containing male and female re-
productive organs ; the eggs minute and very numerous.
The mature worm is mariy-jointed, the joints budding out
from near the head ; in this form it is called a strobila ;
the terminal joints fall off, becoming independent (progloitis).
The eggs after fertilization pass through a morula and
gastrula stage, a circle of hooks and suckers developing on
the head (Caryophylleeus, Tetrarbynchus, Ligula, Both-
riocephalus, Tenia).

Laboratory Work.—The flat worms have been most successfully
studied by fine injections, especially by slicing hardened sections,
which should be stained with carmine, and mounted for the micro-
scope.

Crass II.—NEMATELMINTHES (Round, Thread-worms).

General Characters of Thread-worms.—These worms are
either free or parasitic ; examples of the former exist in
sbundance under stones, etc., between tide-marks, lying
in coils ; small, almost minute species occurring in fresh
water and in damp earth, while the parasitic species, which
are the most numerous, live free in the alimentary canal or
imbedded in the flesh of their hosts, especially fishes and
mammals. The species are remarkably persistent in form,
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the specific and generic differences being very slight. They
have a mouth and digestive canal (except in Echinorhynchus),
the integument being hard, chitinous, and not segmented
(except in Desmoscolex, which approaches in this respect the
annelids), and usually smooth, except in Echinoderes, which
is variously armed with hair-like spines. Each end of the
body is much alike, the mouth situated at the anterior end,
and the anal opening at or near the conical tip of the body.
There are two long vesscls which extend from a single com-
mon pore situated on the median line of the under side of the
body, a short distance from the head ; these are supposed to
be excretory vessels. In Ascaris and Ozyuris a nervous ring
surrounds the asophagus, from which two nervous threads,
one dorsal the other ventral, pass to theend of the body, and
there are six other smaller longitudinal nerves. The gangli-
onic cells lie near the nervous ring, forming a subesopha-
geal, supracesophageal and lateral ganglion, and there is also
a caudal ganglion. In some free-living Nematodes there are
eye-specks.

The Nematodes are usually bisexunal ; Pelodytes is her-
maphroditic, while the same individual of 4scaris nigrovenosa
at tirst produces sperm-cells and afterwards eggs. The males
differ from the females in their smaller size and the usually
curved end of the body. While most of thes: worms lay
eggs, some, a8 in Trickina spiralis, bring forth their young
alive.

The mode of development of these true Nematode worms
(Echinorhynchus excepted) so fur as known is quite uniform,
growth beiug direct, without any metamorphosis. The
germ is formed in three ways: (1) usually the egg under-
goes total segmentation ; (2) others, as in Ascaris dentata
and Ozyuris ambigua, do not show any apparent trace of seg-
mentation, while (3) in Cucullanus elegans there is no yolk,
the nuclens absorbing ull the vitelline matter, which is lim-
pid and transparent. The germ consists of a single series or
circle of cells bent on itself, somewhat as in Fig. 120, which
represents a little more advanced stage in Sagitta, and there
‘are a few cells representing the endoderm. The embryo
rapidly assumes the adult form before hatching.

|
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Order 1. Acanthocephali.—These are aberrant Nematode
worms (sometimes referred to a separate class), without any
mouth or digestive tract, but with an extensible spiny beak,
living by imbibition of the fluids of the alimentary canal of
their host.

The thick subcuticula is penetrated by a network of ves-
sels, whose trunks form two oval bodics of unknown use
called lemnisct, which hang down free in the body-cavity.
The sexes of Echinorhynchus are distinct. The eggs are
usually spindle-shaped. The embryo develops in the body
of the parent worm, and issurrounded by several membranes,
with a circle of hooks arranged bilaterally around the mouth.
The embryo contains an oval mass of nuclei, being the ru-

e i P S S s et e
diments of an intestinal canal. Finally it passes into
some crustacean or inscct, in whose body it becomes so far
developed, that when its host is swallowed by some vertebrate,
such as a fish, the embryois liberated in the intestines of the
gecond (vertebrate) host and soon attains sexual maturity.
Nearly a hundred species are known.

Echinorhynchus gigas, the female of which is 50% centime-
tres (20 inches) in length, lives in the small intestino of the
pig. Its eggs pass out, becoming scattered on the ground,
where they are eaten by the white grubor larva of the Euro-
pean cockchafer. The egg-membranes burst in the stomach
of the grub, and the embryos thus liherated penctrate, by



166 ZOOLOGY.

means of their spines, through the intestine into the body-
cavity of the larva, where they become encysted, and the latter
being in the beetle state devoured by the pig, finish their de-
velopment in the intestines of the latter animal. (Schneider.)
The embryos of this species also occur in the land-snails, and
those of E. clariceps have been found in fresh-water snails
(Limnea). Young Echinorhynchi occurring in the copepod
crustacean, Cyclops, become matare in a fish (Gadus lota).
Leuckart has also found that a sexless form living in a fresh-
water crustacean, Gammarus pulex, becomes developed to
sexnal maturity in the perch, which feeds on the crustacean.
They attain the matare form, thongh the eggs arc not ripe,
in cight or ten weeks after the eggs from which they hatch aro
laid, and look like round or oval yellowish balls from one to
one and a half millimetres in length. The males mature in
about a week after the females.

The primary host of Echinorhynchus angustatus is the
fresh-water sow-bug (Asellug). After the eggs find their
way into the intestines of the Asellus, the embryos, on hatch-
ing, pass through the walls of the hinder part of the chyle-
stomach of the Asellus into the body-cavity, by means of
the embryonal, deciduous neck apparatus; and, as in E.
proteus, the embryos lie between the chitinous walls of the
intestine and the muscular layer. The embryos are round-
ed, more or less spindle-shaped, with aso-called rudimentary
digestive cavity indicated by a central circle of cells, the
cells of the body-walls being situated in a parenchymatous or
protoplasmic mass (plasmodium), being thus comparable to
the blastoderm of some insects. The embryo is 0.09-0.1
millimetres long. The form of the body now becomes irreg-
ularly oval or cylindrical, being quite protean in shape, with
often a projection on one side of the end of the body. The
Echinorhynchus form then begins to appear, the metamor-
phosis being very marked. The first step is the moulting of
the embryo or larva, which loses its spines. After a few
weeks the Echinorhynchus form is attained, the body being
elongated, and with the reproductive organs developed, but
with no hook-apparatus. It is now 7 to 8 millimetres in
length, and almost as long asits host, the Ascllus; the males
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being smaller and shorter than the females. With the ex-
ception of the skin and lemnisci, all the parts of the adnlt
worm, the nervous and reproductive systems as well as the
heak, originate in the primitive
rudimentary digestive cavity,
appearing as rounded masses of
cells of like size, but differing in
structure histologically. With
the growth of the beak begins
the development of the repro-
ductive apparatus, and the hooks
are simply modified cells, with
the outer surface chitinized.

Order 2. Nematodes.—The first
suborder of this group, compos-
ing the true round worms, is re-
presented by Ascariz, Ozyuris,
Trichina, etc. The human
round worm, Ascaris lumbri-
coides Linn. (Fig. 113), is re-
markable for its large size, and
may be recognized by its milk-
white color, as well as by the
three papille around the mouth.
It inhabits the intestines, some-
times the stomach and cesopha-
gus, and has been known to per-
forate the walls of tho intestine.
The species of Ascaris are very
numerous, infesting mammals,
and especially fish, often occur-
ring encysted in the flesh of the
cod and other edible salt and _ Pig. 118.—Ascaris lumbricoldes. g
fresh water fish, but 8re 83 8 lemed: B iie et i saom.
rule harmless. Ascaris mystaz ' e WORE In the centre, enr-
lives in the intestines of the I :‘m‘f‘_‘g‘m°£=§d"$"
cat,

The common pin-worm lives in the rectum of children.
It is the Ozyuris vermicularis Linn. (Figs. 114, 115). The
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female is white and from eight to ten millimetres in length;
the male is only two or three millimetres long.

The largest known round worm is the palisade worm, or
Eustrongylus gigas Rudolphi, the female of which is a

[} '

a @

Fig. 114.—Ox-

vermicvia-

rie. a, male, nat-

ural slzle: b. the

same enlarged —
Aﬂlcr Beneden,

. 116.— Trickooephalus dis-
Fig. "5’:‘;- Ozywris ynr,:.“a, male, natural size ;

. a, fe- en e Tl elze
male, nataral sirc: d, 3 emale,
the same enlarged.— rize.— After Bencden.

After Beneden.
metre (sbout 39 inches) in length, and the size of a quill;
the male is one third as long. It is rare in man, and occurs
especially in the intestines, and sometimes the kidneys of
such mammals as live on fish. The mouth is surrounded
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by :ix tubercles. Eustrongylus papillosus Diesing, accord-
ing to Wyman, lives coiled up in the brain of the anhinga,
or snake-bird of Florida. E. buteonis Packard wus found
living under the eyes of Buteo Swainsoni, and E. chordeilis
Packard in the brain of the night-hawk. Dockhmnius duoden-
aler Dubini lives in the small intestine of man.

Trichocephalus dispar Rudolphi (Fig. 116) lives in the
cocum of man, with the smaller anterior part of the body
buried in the mucous membrane.

The most formidable round werm is the Trickina spiralis
Owen (Fig. 117). The body is regularly
cvlindrical, tapering gradually from the
posterior end to the head. The end of the
body of the male is without a spiculum, but
with two conical terminal tubercles. It is
1.5 millimetres long.  The female is 3 mil-
Iimetres in length.

Viviparous females begin about eight days
after centering the intestine of their host to
give birth to the larvae, which bore through
the walls of the intestines of their host,
passing into the body-cavity, avd partly in-
to the connective tissue, and also, by means
ot the circulation, into the muscles. In
about fourteen days the worm coils up
spirally in a cyst (Fig. 117), which eventu-

- . . 117.— Trichina
ally becomes calcareous and whitish. When cngg-ted‘ mn" human

the flesh of the pig, infested by the encysted masa-- Amce onek:

lrva, is eaten by man, the young worms **

are set free in the stomach of their new host, and in three
or four days become sexually mature. The female Trichina
is capable of producing a thousand young. The original
host of the ‘T'richina is the rat; dead rats are often de-
voured by pigs, and the usc of raw or partially cooked pork
as food is the means of infection in man.

Another worm, occasionally parasitic in sailors and resi-
dents of the East Indics, is the Filaria medinensis Gmelin,
or Guinea-worm. It is remarkably long and slender, some-
times over two feet in length. The female is viviparous,
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while the male is unknown. The worm lives in the con-
nective tissue under the skin, especially of the extremitics.
As the body of the female is full of young, the worm has to
be carefully and slowly extricated, o as not to be broken and
cause the embryos to be scattered under the skin of the host.
Carter regards a small worm ( Urolabes palustris) frequent in
brackish water, as the immature form of the Guines-worm.
It is also belicved that the embryos enter the bodies of water-
fleas (Cyclops, etc.), and there moult, and that consequently
they may be introduced into the body by drinking standing
water ; but this has not been proved. Other species live in the
peritonenm of the horse and apes, and an immuture species
(Filaria lentix) has been found in the lens of the human
eye. Filaria sanguinis-hominis is a worm of microscopic
size found living in the blood of the mosquito in India and
China. It is said that the eggs are swallowed in the water
drunk by man, are hatched in his intestines, and obstruct
the smaller blood-vessels, causing, it is claimed, various
forms of clephantoid disease, perhaps even lcprosy. The
mosquito sucks up the parasite in the blood of leprous pa-
tients, voiding the ¢ggs in the pools it frequents. Filaria
hematica has occurred in the blood of the feetus of & dog
whose heart waus fillel with them. Ears of wheat are
often iufested by a minuto Nemutode (Zylenchus scandens
Schneider, Angwil-
lula fritici of Need-
ham, Fig. 118).
Other species live in
flowers, moist earth,
aud sour decaying
substances. Angul-
lula acett Ehren-
berg is from one to
two millimetres in

length, and lives in

. 118.—Yonng Wheat-Worm, greatly magnified. .:
a,?t l?n of ** chn-ng“ ﬂo:dhih; ting some wum{- anﬂmm- V1 “Cgm .

tudes of egus, magnificd ; b, an cgg contnining a worm v

ready to hatch.— From Curtis, afts Baver. © The genus (kalo-

soma lives free in
the sea, and has a broad swollen head beset with fine hairs.
It upparently connects the true Nematodes with Sagitla.




THE HAIR-WORMS. 171

The second suborder, Gordiacea or hair-worms, differ in
their mode of development from the true Nematode worms,
the embryo of Gordius being armed with oval spines, thus

~Atnacy
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. 119.—Gordins aquaticus. A, egg; B, undergoing segmentation of the
yoﬂg; C, embryo (gastrula) with the primitiveengl%mach. an h?fold' of the outer ger-
minal layer of cells ( ); D. embryo farther advanced ; E, Jurva, with the
three circles of spines retracted withm the mm‘pha »: F, the same stage greutly
enlarged to show the internal organs; ¢, middle circle of spines, the head bemn
retracted ; 71, muscular layer (7) ; £, beak or proboscis ; i, intestine ; 2, 2, embryona
cells ; /, excretory tube leading from ¢, the secretory glands; «, wsophagus; v, rec-
tum ; %, anus. . the second larva, encysted in a fish—(after Villot). , Gordlus
warius, end of hody of male, much «nlarged. I, Gordius ayuaticus, end of body
of male, much enlarged. K, Gordins aqualicus, natural rize.—(H, I, K, drawn from
mature by J. 8. Kingsicy.)

reminding us in this respect of Echinorhynchi, but the em-
bryos, larvae and adult have a well-developed alimentary
canal.

Digitized by {; i‘iﬂ?i ]l (
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The hair-worms belong to the genera Mermis and Gordius.
In the former genus the head is beset with papille, and the
eud of the body of the male is undivided, while the oviduct
of the female opeus in the middle of the body. The larva
* is unarmed and has no metamorphosis.  Mermis acuminates
Leidy is pale brown and parasitic in the body of the cater-
pillar of the coddling moth ; another species lives in the
bodics of grasshoppers.

The true hair-worm, Gordius, has no pupille on the head,
and the tail of the male is forked, while the oviduct of the
female opens at the end of the body. The following account
of the development of the common Gordius aquaticus Lion.
which is a parssite of the locust and other insects, and is
common to Europe and this country, is taken from Villot’s
 Monographie des Dragouneaux.”

The eggs (Fig. 119, A) are laid in long chains; they aro
white, and excessively numerous. The yolk undergoes total
segmentation (Fig. 119, B). At the close of this period,
when the yelk is surrounded by a layer of cells, the germ
elongates at what is destined to be the head-end ; this layer
pushes in, forming a cuvity, and in this stage it is called a
“gastrula” (C'). By this time the embryo becomes pear-
shaped (D) ; then it elongates. Subsequently the internal
organs of digestion are formed, together with three sets of
stiff, spine-like appendages to the head, while the body is
divided by cross-lines into segments. The head lies retracted
within the body (E).

In hatching, it pierces the egg membrane by the aid of its
cephalic armature, and escapes into the water, where it passes
the eurly part of itslife. Fig. 119, F, represents the embryo of
Gordius aquaticus greatly magnified. It will be seen how
greatly it differs from the adult hair-worm, having in this
stage some resemblance to the Acanthocephalus by its cephalic
armature, to the Nematoidea or thread-worms by its alimen-
tary canal, and in the nature of its secretory glands to the
larvee (cercaria) of the Trematodes or fluke-worms. But the
hair-worm differs from all these worms and even Mermis, a

ir-worm much like and easily confounded with Gordius,

“having a complete metamorphosis after leaving the egg.
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When in this stage it incessantly protrudes and retracts
its armed head, the spines being directed backward when the
head is out.

In the first period of larval life the worm lives encysted
in the bodies of aquatic fly larvee.  The vessel in which
M. Villot put his Gordius eggs also contained the larve of
Tanapus, Corethra, and Chironomus, small gnat-like flies.
He found that each of these lurvee contained numerous cysts
with larvee of Gordius. He then removed the larve
from the cysts, placed them on the gnat-larva, and saw the
larval hair-worm work its way into the head of the gunat-
larva through the softer part of the integnment ; during the
process the spines on the head, reversing their usnal position,
enabled the worm to retain its position and penetrate farther
in. Then, finding a suitable place, it came to rest, and re-
mained immovable, Then the fluids bathing the parts co-
agulated and formed a hard, granulated sac. This sac at
first closely envelopes the body, then it becomes looser and
longer, the worm living in the anterior part, the front end
of the sac being probably never closed. In this first larval
state the worm is active.

In the second larval period the young hair-worm lives mo-
tionless and encysted in the mucouslayer of the intestines
of such small fish as prey on the gnat-larvee. A minnow, for
example, swallowing one of the aquatic gnat-larvee, the en-
cysted larva becomes set free by the process of digestion in the
stomach of the fish; the cyst dissolving, the young hair-
worm itself becomes free in the intestine of its new host.
Immediately it begins to bore, aided by the spines around
‘the head, into the mucous membrane lining the inner wall
of the intestine of the fish, and there becomes encysted, the
worm itself lying motionless in its new home, with its head

retracted and the tail rolled in a spiral. The cyst is either
spherical or oval. (Fig. 119, G.)

The retarn to a free state and an aquatic life occurs in the
spring, five or six months after the second encystment. It
then bores through its cyst, and passes into the intestinal
cavity of the fish, and from thence is carried out with the
fmces into the water. On contact with the water great
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changes take place. The numerous transverse folds in the
body disappear, and it becomes twice as long as before, its
head-armature disappears, the body becomes swollen, milky,
and pulpy. It remains immovable in the water for a vari-
able period, and then increases in size ; the integument grows
harder, and when about two inches long it turns brown and
begins to move. Most hair-worms live in ground beetles
and locusts, twining round the intestines of their host,
finally passing out of the anus. They are often seen in
fresh water pools, twisted into knots, whence their name
Gordius. They sometimes occur in horse-troughs, whence
they are supposed by the ignorant to be transformed horse-
hairs.

Order 3. Chatognathi.—This group is represented by a
single genus, Sagitta, which, from the singularities in its form
and structure, has by different authors been referred to the
Crustacea, the Mollusca and even the Vertebrates. Its de-
velopment and structure show that it is closely allied to the
Nematode worms. It is about two centimetres (nearly one
half inch) in length, and is found swimming at the surface
of the ocean in different parts of the world. The lateral and
caudal fin-like expansions of the skin of the end of the
body gives it a fish-like appearance. There is a well-defined
head, with several curved spines on each side of the mouth,
which serve as jaws ; besides these, at the sides of the head
are four sets of short, strong spines. In the young Sagitta
there are also a few pairs of lateral spines behind the head,
but these afterwards disappear. The alimentary canal forms
a straight tube terminating in a ventral opening near the
posterior fourth of the body. The nervous system consists
of & brain from which two nerves are distributed to the eyes,
and two lateral nerves pass backward to a large ventral gan-
glion lying necar the middle of the body, from which two
threads pass backwards. The sexcs are united in the same
individual, the two long tubular ovaries communicating by
two long ciliated oviducts, each with a separate outlet at the
base of the tail. Behind the ovaries and anus are two cham-
bers in which the spermatic particles are developed from mase-
¢s of cells floating freely in the perivisceral fluid, and escap-
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ing by alateral duct on cach side of the tail. The egg passes
through a morula and gastrula stage (Fig. 120). The prim-
iive opeping (a) afterwards closes
and a new opening is made at the op-
posite pole, which is the permanent
mouth. The embryo is oval at first,
but zoon elongates, and the form of the
adult is attained before the Sagitta
leaves the cgg. Sagifta elegans Ver-
rill ig abont 16 millimetres in length,

i i rs of Fig. 190.—Gastrula of Sa-
and i3 common in the waters of New g Fig. 130, Gastrala of 8
England.

Crass I.—_NEMATELMINTHES.

Round -bodied worms, with a denss integument, not joinled ; with an ali-
mentary canal (exeept in Echinorhynchus); no waler-oascular or respira-
lory system ; the nervous system usually reduced to « brain and tico ner.
wus threads passing along the body ; with excretory organs. The head
wmetimes hooked or spinulated ; and except in Echinorhynchus and Gor-
discea no metamorphosia, the young hatcking tn the form of the adult.
Mostly parasitic, and usually bisexual,

Order 1. Acanthocephali.—Cylindrical, with a beak armed with hooks,
without mouth or digestive tract. (Echinorhynchus.)

Order 2. Nematodes.—Long, slender, cylindrical, with s mouth and
intestine ; but no metamorphosis. Suborder 1. True Ne-
matodes (Ascaris, Oxyuris, Eustrongylus, Trichocephalus,
Trichina, Filaria, Anguillula, Echinoderes). Suborder 2.
Gordiaces (Mermis, Gordius).

Order 3. Chactognathi—Having a well-marked head, with lateral and

caudal fin-like expansions of the skin ; hermaphrodite.
(Sagitta.)

Laboratory Work.—These worms are to he mainly sought for in
the alimeatary tract of fishes and mammals, while Sagitta may he
caught with the tow-net. They may be studied with good success be-
sides the ordinary mode of dissoction, by cross-sections for the micro-

scope.
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Crass IIL.—RoTaTORIA (Rotifers).

General Characters of Rotifers.—The Rotifers, or wheel-
animalcules, aro abundant in standing water, in damp moss,
cte., and in the ocean, and are so transparent that their in-
ternal anatomy can be studied without dissection, while they
are so minute, being from one forticth to three hundredths
of an inch in length (3 to § mm.), that high powers of the
microscope are needed in
studying them. They are
of special interest from
the fact that after being
dried for months to snch
a degree that little if any
moisture is left in the
body, they may be revived
and become active. Pro-
fessor Owen has observed
et {ho revivification of a
Rotifer after having been
kept for four years in dry
gand.

As an example of the
ordinary type of Rotifer
we may cite Squamella

Fig. 181.—Squamella oblonga, magnified 300 0blonga (Fig. 121), which

. diameters. A view from hclow: shell or cara- : .
pnee?n, a1, %) ; a, the anterior tranaverse edge 13 allied to Brachionus.

of the carnpace ; s', the anterior, and &2, the e
posterfor m':ncrs of the carapace ; &%, the horder The clmmctenstxc organ

of the oval, flat area which occnples the lower . ani
facc of the carapace: /b, the cilin-bearing velum of the wheel-animalcules

of the head; f, the‘ fork of the tail (/) ;'m, the is the velum (lb) or pair
Elomach” onr thi-contractiie vestcte. or heart of of ciliuted wheel-like flaps
the cxcretory wystem ; en', cr?, the right, and -

¢rd, ert, the lefl excretory vexeels ; eg, egl, eg3, on each side of the head,
two largely developed young.—After Clark. which is co mparable to
the velum of the larval mollusk. By means of ihe rotatory
movements of this velum the creature is whirled swiftly
around. The body is broad and flattened, with the walls
often dense, chitinous, sometimes shell-like, and variously
sculptured, or the animal may be long and worm-like, as in
Rotifor vulgaris (Fig. 122). The budy is composed of several,

g et
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not over six, segments. A Rotifer may, in fact, be regarded
a8 an advanced frochosphere or more properly cephalula, and
comparable with the larva or cephalul® of mollusks, Poly-
z0a, Brachiopoda and the Annelids. The alimentary canal
consists of s funnel-like cavity, the mouth, which may
be central, or situated on one side of the head; it leads
to the maxfar or pharyns-like muscular sac, supporting
a complicated . set of chitinous teeth within (malleus
and incus) which seize and masticate the food, which,
through the rotary action of the velum, passes
down the buccal channel or mouth-opening, and P he
lodges within the mastax. The so-called suli- i
vary glands are two lurge, clear, vesicular
glands, which are attached to the funnel and
rest on the summit of the mastax. The latter
opens into the cesophagus, ‘‘& membranous
tube, capable of great expansion and contraction,
but varying much in length and diameter in
different genera.” Gosse also states that a cur-
rent of water appears to be almost constantly
setting through the funnel and mastax, and
thence through the cesophagus into the stomach ; L
the lutter is quite lalge, and provided with s0- "
called ¢ pancreatic” glands, emptying into the
anterior end. There are also hepatic follicles ),
and ceca, while the intestine ends in a rectum /
wnd cloaca, the latter opening at the base of i
the tuil. In Nofommata, the digestive canal
ends in a blind sac, and in such male Rotifers
88 are known, there is no digestive cavity, the rig 122 po.
canal being represented by a solid thread. Wer ulgars. <.
There are no vascular or respiratory organs, but 3 ¢. figesiive
a system of long, convoluted excretory tubes,
one on each side of the body, which, as in the Trematodes
and Cestodes, unite in a common, large contractile vesicle
which opens into the end of the intestine. These tubes,
which are in places ciliated, correspond to the segmental or-
gans of Annelids ; they are open at the end, the cuvity o
the tubes thus communicating with the body-cavity. f

k

1

i
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The nervous system is very simple, consisting of a rather
large ganglion sitnated behind one wing of the velum, and
lying just under an eye-spot. A supposed organ of hearing,
consisting of a sac filled with calcareous matter, is attached
to the ganglion.

The gexes are distinct, and the male and female reproduc-
tive glands open into the cloaca. The sexes are, moreover,
remarkably unlike, the males being much smaller than the
females, rudimentary, sac-like in form, without any digestive
suc, and are very short-lived. Some Rotifers produce what
are called winter as well a8 summer eggs ; the former being,
as in some Turbellarian worms and Polyzoa, covered with a
hard shell to resist the extremes of the winter temperature.
The summer eggs develop without being fertilized, while the
winter eggs are fertilized, those of Lacinularia, however,
according to Huxley, not being impregnated.

The eggs of Brachionus are attached by a stalk to the
hinder part of the body of the female. The following
remarks apply to the mode of development of the fe-
male eggs, which are quite distinguishable from the mas-
culine ones. The eggs undergo total segmentation, and
the outer layer of cells resulting from subdivision forms
the blastoderm, and when this is developed the forma-
tion of the organs begins. The first occurrence is an in-
folding of the blastoderm (ectoderm) forming the primitive
mouth, which remains permanently open, the mouth not
opening at the opposite end as in Sagitta, but the entire de-
velopment of the germ is much as in the mollusk Calyptrea,
as Salensky often compures the earliest phases of devel-
opment of this Rotifer with those of that mollusk. The
““trochal disk,” or velum, arises in certuin mollusks,
as a swelling on each side of the primitive infolding.
There is soon formed at the bottom of the primitive in-
folding a new hole or infolding of the ectoderm, which is
the true mouth and pharynx, while a ewelling just behind
the mouth becomes the under lip.  The stomuch and iutes-
tine arise originally from the endoderm.

Soon after, the two wings of the velum become well
marked (Fig. 123, v), and their relation to the head is as
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constant as in Culyptrrea. The tail (f) becomes conical,
larger, and the termination of the intestine and anal open-
ing is formed at the base.

The internal organs are then elaborated ; first the nervous
system, consisting of but a single puir of ganglia arising
from the outer germ-layer (ectoderm). Soon after the sen-
sitive hairs arise on the wings of the velum.

Fig. 123 represents the advanced embryo, with the body di-
vided into segments, the pair of ciliated wings of the veluin
(r), and the long tail ({). At this time the shell begins to
formn, and afterwards covers the whole trunk, but not the head.

The inner organs are developed from the inner germ-layer
(endoderm), which divides into three layers, one forming the
middle part of the intestine, and the two others the glands
and ovaries. The pharyngeal jaws arise as
two small projections on the sides of the
primitive cavity. The male develops in
the same mode us the female.

Though the development of the Rotifers,
so fur as known, is more like that of the
mollusks than true worms, the Rotifers
muy be regarded as a generalized cephalula
form, representing the larval forms of An-

nelids and mollusks, with decided affinities, $&, %% Brachionns

when we consider their chitinous covering —After Salnsky.

or carapace, the fold of the intestine, and the single nervous
ganglion, to the Polyzoa, and with more remote resemblances
to the Brachiopods. They are on the whole generalized forms.
A few species are parasitic : Albertia living internally, and
Balatro on the surface of the Nais-like worms. With the
lower Rotifers are associated a group of worm-like forms
represented by Chatonotus, Ichthydium, etc., and forming
the group Gastrotricha. They have no mastax, and the body
is only ciliated near the end. Through Dinophilus, a Tur-
bellaran worm, they are connected with the flat worms.
The genus Echinoderes is also regarded by Claus asa low
Rotifer. It seems quite apparent from this that the Rotifers
are a type which has originated from worms resembling the.
generalized Turbellarian form, and which connects the ln*'
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with the Pelyzoa, Brachiopods, aud possibly the Molluscea,
the latter branch being probably a modified vermian type,
and with an ancestry not unlike that of the Rotifers and
aberrunt, gencralized Polyzoa and Brackiopodu. The classi-
fication of the Rotatoria is in an unsettled state, the group
probably cousisting of three orders, viz. : the true Rofalories,
the Echinoderide, and Gustrotricha.

Crass IIL —ROTATORIA.

Worms with usually more or less solid segments, very unequally developed,
bearing a cilialed velum, the mouth opening into a masiaz ; sexves separate,
the hales much smaller, more rudimentary than the females. A small
nervous ganglion. No circulalory apparatus, bul with ¢ voluminous excre-
tory (seater-vascular) organ.

(Albertia, Asplanchna, Hydatina, Brachionus, Rotifer, and the
highest form, Floscularia )

Laboratory Work.—The Rotifers can only be studied while alive and
as transparent objects.  Little is known about the American species.

Crass IV.—Poryzoa (Moss Animals).

The Polyzoa, though not commonly met with in fresh
water, are among the commonest objects of the seashore.
'.l‘hey are minute, almost microscopic creatures, social, grow-
ing in communities of cells (called poly-
zoaria or corms), forming patches on sea-
weeds and stones (Fig. 124, Membdranipora
solida Pack.). Certain deep-water species
grow in coral-like forms (Fig. 125, Myrio-
zoum subgracile D’Orbigny), while the
chitinous or horny Polyzea (Fig. 126,

\J!  Halophila borealis Pack.), are often mis-

Fig. 14.—Cells of Sea- tuken for sea-weeds on the one hand, and

mat enlarged: Sertularian Hydroids on the other. From

their likeness to mosses the name Bryozoa was given to the

“. gronp by Ehrenberg, a year after Thompson (1830) had
wlled them Polyzoa, so that the latter name has priority.

AN
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The simpler form of Polyzoon is a worm-like creature
enclosed in a minaute, deep, horny cell, with the alimentary
canal bent on itsclf and terminating in a vent situated near
the mouth, the latter surrounded, in the fresh-water forms,

Fig. 135.—Branching marine P:.l‘y:;ﬁ lz;,o:-m of Myriozoum subgracile,
with a horseshoe-shaped crown, or in the marine species a
circle of slender ciliated tentacles. The animal when dis-
turbed withdraws into its tube or shell, which is often traus-
parent, allowing it to be examined
when alive. The cells are rarely

single, but a cormus, polyzoarium or
polyzoon-stock is formed by the bud-
ding of numerous cells from the one
first formed. The single polyzoon is
called a polypide, and its cell a cystid.
In Pedicellina, the simplest polyzoon,
the polypide has no cystid or cell.

The cells are, in the marine forms,
usually closed, and independent of

each other. The wall forming the Fig. 1. —-gazpé{ma borealis,
cell is called the endocyst ; it com-

prises the ectoderm proper, with a portion (parietal layer) ¢
the mesoderm forming the soft lining of the cell.



=

ZOOLOGY.

The mouth is citnated on a disk (lophoplore, Fig. 127, B),
beaning the tentaclex, which are hollow processes of the
body-walls, communicating with the body-cavity, the blood
flowing into them, there being acrated, while they are exter-
nally cihiated. They serve both to catch food and for respir-
ation as makeshift gills. Hyatt states that the tentacles are
used not only to catch the prey, but for a multitude of other

l\)lcvio'n hdi«llu m-
ren i, B, Plwmatelia Sru-
Sicoeu. br, lenucnlnrbumhm
oflophopm-r\ @, eesvphagus
*, stomach ; r, imc-sxme a.
anus ; ln-ll x, poetmor
anterior cord, at’ the inwmon
ol which into the body the
generulive products are devel-
{, leates; 0, ovary : m,
relnc(or muxcles of the ante
rtion of the cell; mr,
nnc pnl lunctor muscle.—

officess. They are each capable of in-
dependent motion, and may be twisted
or turned in any direction ; bending
inwards, they take up and discard
objectionable matter, or push down
into the stomach and clear the
@sophagus of food too small to be
acted upon by the parietal muscles.
They are also employed offensively in
striking an intrusive neighbor, and
their tactile power, sensitive to the

S slightest unusual vibration in the

water, warns the polypide of the ap-
proach of danger.

The digestive canal hangs free in
the body-cavity, only attached by the
mouth and anus to the walls of the
body. It consists of a pharynx, a
large stomach, and an intestine which
lies by the sidc of the pharynx, since
the canal has a simple deep dorsal
flexure, the vent being situated on
the dorsal or cardiac side, near the
mouth. Usually the stomach is tied
by a sort of ligament (funiculus) to
a point on the body-walls, near the
mouth. The nervous system is rep-
resented by a double ganglion form-

_ing a singlo mass situated between the mouth and vent ; it
* is highly contractile and changeable in form. There is no

w:nd no circulatory apparatus. The sexes are united

gle polypide, the glands forming masses growing on
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the funiculus or in the walls of the body. The body,
especially the lophophore, is retracted and pushed out
by muscles arranged in pairs on cither side. As seen in.
Fredericella, a fresh-water form, the alimentary canal
‘““hangs from the lophophore, occupying the centre of
the polypide, and floating freely in the rapidly moving
blood ” (Hyatt). The yellowish cesophagus, the stomach
barred with brown, and the brownish intestine are balanced
upon a fold of the intestine (the invaginated fold), which
is retained in the cell by the retentor muscles, and is sur-
rounded by a large sphincter muscle. There are two sets
of large retractor muscles, one on each side of the digestive
canal, and arising from two common bases ; each large trunk
subdivides into three branches, the retractor of the stomach,
of the lophophore, and of the anus. The crown of tenta-
cles is swayed by these muscles in every direction, or Wwhen
alarmed the polypide may withdraw by their aid into the -
cell, as the finger of a glove may be inverted within the
empty palm. This may be done with great rapidity or
slowly. The process has thus been graphically described by
Hyatt : ““The polypidal endocyst is first turned inwards,
folding upon itself, and prolonging the permanently invagi-
nated fold below. The tentacles, arriving at the edge of
the ceencecial orifice, are pressed into a compact bandle by
the action of their own muscles, and, together with the
lophophore, are dragged into the cell by the continued invag-
ination of the endocyst until they are wholly enclosed and
at rest within the sheath formed for them by the inverted
walls of the tube. The sphincter muscle then closes the
cencecial orifice above, and the process of invagination is
completed.

““The polypide in its exserted state is buoyed up and sns-
tained by the pressure of the fluids within. Consequently,
when invaginated, it displaces an equal bulk of these in the
closed caencecium, and their reaction, aided by the contrac-
tion of the muscular endocyst, is sufficient to evaginate the
whole. '

. ““The evagination begins with the relaxation of the sphine-,
ter, which permits the ends of the tentacles to. protruc
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= The 2o rmea measas &m the sensze of toach inherent
n [ eanwies. and aniec Je indzced o expose itself above
lde HRPLECIIM T1T. omaray sasded by these sensitive
feelers hud me Lanrer s %o he aperegended  In fact, these
UMz 2 emalates. sinry mere poaches with a stomach
hanrnyz in w12 m.Ist. exR it ZTealer mervoas activity and
san:ma 7w tua we Snd amony the more Righly organized
w8, o sael~evired BrucAdonde.”

The #7:ixime s a £:01 5f the L:oaophore, used to close the
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(Hyact). Itis sizuazed immediately over the ganglionic mass,
and between the anus and mouth.

The Ps.yzn3. a3 regunicd by Hyatt and others, are struc-
turally nearly related to the Brachiopods, the higher forms
of which. such as Terebrazula and Rhynchonella, have the res-
piratory tentacles similarly placed around thé€ dizk or lopho-
phore, which is perforated at the centre by the mouth, and
from which the alimentary canal hangs, with a dorsal flexure
and anus near the mouth.  ¢‘ The extension of the lophophore
into two or three spiriform arms, the complex structure of
the tentacles and of the muscular and nervous systems, are
all more or less foreshadowed by the condition of these sys-
tems among the higher Polyzoa.” On the other hand, the
Polyzoa are closely related to the worms, the Gephyrean
worm, Phoronis, being the connecting link. The mode of
development of the Polyzoa and Brachiopoda are quite simi-
lar, as will be seen farther on, and owing to these decided sim-
larities in development and anatomy, the Polyzoa and Brachi-
opods form a natural group or series, distinct on the one
hand from the Rotatoria, and ou the other from the mollusks

41 worms,



DEVELOPMENT OF THE POLYZOA. 185

Certain branching marine forms are provided with organs
like birds’heads, situated on a stalk and called avicularia, with
a movable jaw-like appendage, which keeps up an incessant
snapping. Beside the avicularia, there are, as in Scrupo-
cellaria, long bristle-like appendages to the cells, called
vibracula.

There are no organs of special sense in the Polyzoa, unless
the epistome may be 1egarded as an organ of sense, and the
nervous system consists of a single rounded ganglion (Frede-
ricella), or, as in Plumatella, a double ganglion, situated be-
tween the mouth and vent, from which one set of nervesare
distributed to the epistome, lophophore, tentacles, and evagi-
nable endocyst, and another set to the various parts of the ali-
mentary canal. A so-called colonial nervous system is sap-
posed to exist in the Polyzoa, as when the cencecium in some
forms is touched all the polypides become alarmed, which
indicates that aset of nerves connect the different polypides,
though no such nerves have yet been discovered. The
fresh-water Polyzoa are not sensitive to light, nor to noises,
only to agitation of the water in which they dwell.

All the Polyzoa are hermaphrodite, the ovary and male
glands residing in the same cystid, the testis being situated

ncar the bottom and attached to the funiculus, while the
ovary is attached to the walls of the upper part of the cell.

Allman regards the polypide and cystid as separate indi-
viduals. The singular genus Lozosoma is like the polypide
of an ordinary Polyzoan, but does not live in a cell (cystid).
On the other hand, we know of no cystids which are with-
out a polypide. Remembering that the cystids stand in the
same relation to the polypides as the hydroids to the meduss,.
as Nitsche insists, we may regard the polypides as secondary
individuals, produced by budding from the cystids. The
large masses of cells forming the moss-animal, which is thus
a compound animal, like a coral stock, arises by budding out,
from a primary cell. The budding process begins in the
endocyst, or inner of the double walls of the body of the
cystid, according to Nitsche, but according to an ezf?_
Swedish observer, F. A. Smitt, from certain fat bodies
ing in the cystid.
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The Polyzoa are divided primarily into the Enfoprocia,
represented by Lozosoma alone, in which the vent is situated
within the circle of tentacles, and the Ectoprocta, in which
the vent lies outside of the lophophore—a group comprising .
all the higher Polyzoa (Gymnolemata and Phylactolemata).

The development of the Polyzoa is not very complicated.
In the marine forms, as studied by Barrois, the germ passes
through a morula stage ; after which the cells are arranged
into two halves, separated by a crown of cilia ; at this stage
it is called a blastula. At the time of birth the ciliated germ
is a disk-shaped gastrula, with two opposite faces or ends,
separated by the crown, one (aboral) bearing in its centre
the mouth-opening. This ciliated free-swimming top-like.
gastrula stage is called a trockosphere.

After swimming about as ciliated larvse (trochospheres),
the shell or ectocyst develops, and the larva becoming station-
ary, the cystid forms, its calcareous shell develops, and finally
the polypide is indicated, and the primitive cell is gradually
formed.

As seen in Phalangella flabellans, the larva, after becoming
fixed to some object, consists of a white pyriform mass,
closely enveloped by an ectocyst, with numerous fat globules
between the latter and the white mass. 'The ectocyst swells
into a discoidal sac, with endocyst, ectocyst, and an external
zone, while the internal whitish mass transforms into the
polypide. The discoidal sac formed by the endocyst consti-
tutes simply the basal disk of the primitive cell. Thefuture
opening of the cell appears on the upper surface of tho cell.
The budding out of the secondary cells of the polyzoariwum
or corm then takes place. It begins by the appearance of &
cell placed in front and below the primitive cell, and which
borders it on each side ; its secondary cell then divides into
two, each of which snccessively gives origin to three cells,
and we thus arrive at an Idmonea stage; and finally the
Phalangella stage is reached, the process being a dichoto-
mous mode of budding quite analogous to that which pro-
duces the broad, flattened corm of Escharina.

The development of Membdranipora pilosa, which is very
abundant on our shores, growing on sea-weeds, is of singu-
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lar interest. The free-swimming ciliated larva is provided
with a bivalve shell, and was originally described as a La-
mellibranch larva under the name of Cyphonautes.
Schneider discovered that it was a young Membranipora.
Barrois, who has traced its complete history, states that its
metamorphosis is fandumentally like that of the other ma-
rine Polyzoa. Flustrella hispida passes through a similar
Cyphonautes stage.

In Lozxosoma young resembling the adult bud out like
polyps. Nitsche does not regard this budding process as an
alternation of generations, but states that in Polyzoa of Lhe
family of Vesiculariide, this may occur, as in the latter
some cystids form the stem, and others (the zozcia) produce
the eggs. Most fresh-water Polyzoa reproduce by the devel-
opment of winter buds or eggs surrounded by a horny case,
and developing from the funiculus.

To recapitulate : the Polyzoa increase (¢) by budding ; (3)
by normal (summer) eggs, and by producing sfafoblasts, or
winter eggs. In reproducing from summer eggs, the young
pass successively through a morula, blastula, gastrula and
¢rochosphere stage before attaining maturity.

The rost aberrant Polyzoan is Rhabdopleura mirabilis Sars,
which occurs in from 100 to 300 fathoms on the coast of
Norway. It differs from other forms by the want of an en-

docyst or mantle, whence it moves up and down in its cell,
without being attached to the opening, the muscles usually
present being wanting, the cord by which it is attached to
the bottom of its long, slender tubular cell being contractile.
The lophophore is much like that of the fresh-water Poly-
zoans, consisting of two long arms, bearing two rows of
slender tentacles. The epistome is represented by a large
round disk.

The marine Polyzoa occur at great depths, and a few species
are cosmopolitan ; the type is very persistent, and occurs
in the oldest Silurian strata, the earliest forms being very
similar to their living descendants,
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Crass IV.—POLYZOA. .

Animals usually forming moss-like or coral-liks caleareous or ehitinous
masses called corms, each cell containing a worm-like animal, with the ds-
gestive tract flexed, the anus situaled near the mouth. The body usually
drawn in and out of the cell by the action of retractor and udductor muascles.
The mouth surrounded by a crown of long tentacles. No heart or vascular
system. Nervous system consisting of a singls or double ganglion situated
between the mouth and vent, with nerves proceeding from st. Hermaphro-
ditic ; multiplying by bdudding or eggs. The embryo passing through a
morula, gastruln and trochosphere stage, the corm being formed by the
budding of numerous cells from a primitive one.

Order1. Entoprocta.—Vent within the lophophore. (Loxosoma.)

Order 3. Ectoprocta.—Vent without the lophophore. (Lepralia, Es-
chara, Idmonea, Myriozoum.)

Laboratory Work.—The Polyzoa are too small to dissect, and
must be studied while alive as transparent objects, and may be kept
in aquaria. The corms in part or whole can be mounted for the mi-
croscope as opaque objects.

Crass V.—Bracuiopopa (Lamp Shells).

General Characters of Brachiopods.—This group is named
Brachiopoda from the feet-like arms, fringed with tentacles,
coiled up within the shell, and which correspond to the
lophophore of the Polyzoa and the crown of tentacles of the
Sabella-like worms. From the fact that the animal secretes
a true, bivalved, solid shell, though it is usually inequivalve,
i.e., the valves of different sizes, the Brackiopoda were gener-
ally, and still are by some authors, considered to be mol-
lusks, though aberrant in type. They may be regarded as a
synthetic type of worms, with some superficial molluscan
features. The shell of our common northern species, Zere-
bratulina septentrionalis, which lives attached to rocks in
from ten to fifty or more fathoms north of Cape Cod, isin
shape somewhat like an ancient Roman lamp, the upper and
larger valve being perforated at the base for the passage
through it of a peduncle by which the animal is attached
‘o rocks. The shell is secreted by the skin (ectoderm), and is

-
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composed of carbonate (Zerebratulina) or largely (Lingula,
Fig. 133) of phosphate of lime. It is really the thickened
integument of the animal, the so-called mantle being the
inner portion of the skin, containing minute tubular canals
which do not open externally.
The body of Brachiopods is divided into two parts, the
anterior or thoracic, comprising the main body-cavity in
which the arms and viscera are contained, and the caudal *
portion, i.e. the peduncle. The part of the body in which
the viscera lodge is rather small in proportion to the entire
animal, the interior of the shell being lined with two broad
lobes, the free edges of which are thickened and bear sets,
as seen distinctly in Lingulas. The body-cavity is closed
anteriorly by a membrane which separates it from the space
in which the arms are coiled up. The “pallial cham-
ber” is situated between the two lobes of the mantle (pal-
lium) and in front of the membrane forming the anterior
wall of the body-cavity. In the middle of this pallial
chamber the mouth opens, bounded on each side by the
base of the arms. The latter arise from a cartilaginous
base, and bear ciliated tentacles, much as in the worm Sa-
bella. In Lingula, Discina, and Rhynchonella, they are de-
veloped, as stated by Morse, in a closely-wound spiral, as in
the genuine worms (Amphitrite). In Lingula the arms can
be partially unwound, while in Rhynchonella they can not
only be unwound but protruded from the pallial chamber.
In many recent and fossil forms the arms are supported by
loop-like solid processes of the dorsal valve of the shell, but
when these processes arc present the arms cannot be pro-
truded beyond the shell. The tentacles or cirri on the arms
are used to convey to the mouth particles of food, and they
also are respiratory in function, there being a rapid circula-*
tion of blood in each tentacle, which is hollow, communi-
cating with the blood-sinus or hollow in each arm, the sinus
ending in a sac on each side of the mouth.

The digestive system consists of a mouth, wsophagus,
stomach, with a liver-mass on each side, and an intestine.
Fig. 128 shows the relation of the mouth and digestive canal
to the heed and armps, as seen in a longitudinal aecﬁoxy'
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the anterior part of the body of Lingula. The mouth is
bordered by two membranous, highly sensitive and movable
lips. The stomach is a simple dilatation of the alimentary
canal, into which empty the short ducts of the liver, which
is composed of
massesof ceeca.
The liver origi-
nally arises as
twodiverticula
or offshoots of
the stomach.
The short in-
testine ends 1n
. a blind sac or

7 EE in a vent, and
at @ b m c ¥ is, with the

Fi m——Lon {tadinal section of the anterfor portion of
Llng 7 moath: o o, Wam.a. stomach, freely

cir of. bmchlal l‘old b, cartilaginous base of arm; &, :
sinus leading to the arm; cc, cephallc collar or pallial mem: Buspended in

e.--After Morre. the perivisceral
cavity by delicate membranes springing from the walls of the
body. (Fig. 129.) In those Brachiopods allied to Zeredra-
tula, Tercbratulina, Thecidium, Waldhetmia, Rhynchonella,
etc., the stomach ends in a blind sac, and there is no vent,
the rejectamenta escaping from the mouth. In Lingula and
Discina there is a vent which terminates anteriorly on the
right side. In Lingula
the intestine makes a
few turns, while in Dis-
cing it makes a single
turn to the right.
The nervous system
consists of two small

. Fig. 120.—Transverse section of Lingula. b,
ganglia aboye, and an bands suspending the intestine in the perivisce
. . ml cavity ; i, intestine ; », segmental organ ;
infracesophageal pair of ovarics; I, liver; g, gills; se, setwe.— Adter

Morse.

larger ganglia, and there
are two elongated ganglia behind the arms, from which nerves
are given off to the dorsal or anterior lobe of the mantle.
om the infracsophageal ganglia two lateral ventral cords
‘backwards, in their tract sendingtoff delicate threads,

A Y
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but with no ganglionic enlargements, except in Discina,
where they terminate each by a ganglion in the last two
posterior muscles. Morse has discovered the presence of
auditory capsules in Lingula.

Respiration is mainly carried on in the mantle (pallial
membrane). In Lingula the pallial membrane is divided

: into oblique transverse sinuses, which
run parallel to each other. From
these arise, says Morse, numerous
flattened ampulle, which are highly

Tig. 130, Ampultmorbicoa  CORtractile.  The blood courses in
B eoing course taken  regular order up and down these
sinuses, entering each of the ampull®s
in turu. Fig. 130 represents a row of five ampull® with in-
dications of the course taken by the blood-disks. These
ampullee have not been found in Driscina, though the pallial
tinuses are very prominent. The breathing process is also
carried on in the tentacles or cirri.

Intimately connected with the vascular system is a gland-
ular portion of the tubular part of the segmental organs of
the Brachiopoda, which is
supposed to represent simi-
lar parts in worms as well -
a8 the glandular, excretory
portion of the organ of
Bojanus in mollusks, and is
supposed to be depuratory
or renal in function.

The reproductive system
of Brachiopoda consists of
ovaries, oviducts or seg- &
mental organs, Fig. 131, 008 B pinche s Teromtuion mattor
and gpermaries. The sexes
are probably separate in all Brachiopoda (Morse).

The ovaries are attached in Discina and Lingula to the
delicate vascular membranes of the large sinuses in the pal-
lisl membranes, the vascular membranes being thrown mtn
congpicuous ruffs when the eggs are ripe. In Terebratuli
and Rbynchonella they are not only similarly situated, by
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hang in clusters from the genital bands in the perivisceral
cavity. The mature eggs detach themselves from the ovary
to float freely in the perivisceral cavity, whence they pass into
the flaring, ciliated mouths of the segmental organs, and are
discharged by them into the water. These segmental organs
or oviducts are tubular, trumpet-shaped, as in the true
worms (Fig. 131). In Lingula, Discina, and Terebratulina,
there is but a single pair, in Rhynconella two pairs. The
external orifices of the oviducts form simple slits, while in
Terebratulina they project from the anterior walls like
tubercles, as in the true worms (Morse). The spermaries
occur in the same situation in the perivisceral cavity as the
ovaries. As observed in Terebratulina, by Morse, in a few
hours after the eggs are discharged the embryos hatch and
become clothed with cilia. Kowaleveky observed in the egg
of Thecidium the total segmentation of the yolk (also ob-
served in Terebratulina by Morse), until a blastoderm is
formed around the central segmentation cavity, which con-
tains a few cells. The similar formation of the blastoderm
was seen in Argiope, but not the morula stage. After this
the ectoderm invaginates and a cavity is formed, opening
externally by a primitive mouth. The walls of this cavity
now consist of an inner and outer layer (the endoderm and
ectoderm). This cavity eventually becomes the digestive
cavity.of the mature animal.
In Terebratulina Morse observed that the oval ciliated
germ became segmented, dividing into two and then three
rings, with a tuft of
A long cilia on the an-

: terior end (Fig. 132,

D

B c —¢
A). In this stage the
%ﬂ@ larva is quite active,
=P swimming rapidly

about in every direc-
Fig. 133.—Larval stages of Terebratulina.—  tion.
After Morse. Soon after, the germ

looses its cilia and becomes attached at one end as in Fig.
132, B (c, cephalic segment ; A, thoracic segment; p, pe-
duncular or caudal segment). The thoracic ring now in-
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creases much in sise so as to partially enclose the cephalic
segment, as at C. The form of the Brachiopod is then soon
sittained, as seen in D, in which the head (c) is seen project-
ing from the two valves of the shell (¢%), the larger being
the ventml plate.

The hinge margin is brosd and slightly ronnded when
looked at from above ; a side view, however, presents a wide
and flattened area, as is shown in some species of Spirifer,
and the embryo for a long time takes the position that the
Spirifer must have assumed (Morse). Before the folds have
closed over the head, four bundles of bristles appear ; these
bristles are delicately barbed like those of larval worms.
The arms, or cirri, now bud out as two prominences, one on
each side of the mouth. Then as the embryo advances m
growth the outlines remind one of a Lepimna, an ancient
genus of Brachiopods, and in a later stage the form becomes
quite unlike any adult Brachiopod known.

The deciduous bristles are then discarded, and the perma-
nent ones make their appearance, two pairs of arms arise,
and now the shell in ‘“its general contour recalls Siphono-
treta, placed in the family Discinide by Davidson, a genus
not occurring above the Silurian.” No eye-spots could be
seen in Tercbratulina, though in the young Thecidium they
were observed by Lacaze-Duthiers. The young Terebratu.
lina differs from Discina of the same age in being sedentary,
while, as observed by Fritz Miiller, the latter ¢ swims freely

in the water some time after the dorsal and ventral plates,
cirri, mouth, cesophagus and stomach have made their ap-
pearance.”” Discina also differs from Terebratulina in hav-
ing & long and extensible cesophagus and head bearing a
crown of eight cirri or tentacles. Regarding the relations
of the Brachiopods with the Polyzoa, Morse suggests that
there is some likencss between the young Brachioped and
the free larva of Pedicellina. Fig. 133, B, represents the
Tercbratulins when in its form it recalls Megerlia or Argi-
ope. C represents a later Lingula-like stage. It also
suggests,” says Morse, ‘“in its movements, the nervously
acting Pedicellina. In this and the several su
stages, the mouth points directly backward (fo
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authors), or away from the perpendicalar end (D), and is
surrounded by a few ciliated cirri, which forcibly recall cer-
tain Polyzoa. The stomach and intestine form a simple
chamber, alternating in their contractions and forcing the
particles of food from one portion to the other.” Figure
133, E, shows a more advanced stage, in which a fold is
seen on each side of the stomach ; from the fold is developed
the complicated liver of the adult, as seen in E, which
represents the animal about an eighth of an inch long. The
arms (lophophore) begin to assume the horseshoe-shaped
form of Pectinatella and other fresh-water Polyzoa. At this
stage the mouth begins to turn towards the dorsal valve, and
as the central lobes of the lophophore begin to develop, the
lateral arms are deflected as in F. In the stage G an epis-
tome is marked, and Morse noticed that the end of the

E D (o] B A

@@é%@

Fig. 133.—Later larval stages of Terebratulina.—After Morse.

intestine was held to the mantle by an attachment, as in the
adult, reminding one of the funiculus in the fresh-water
Polyzoa. In tracing the development of Argiope, Kowal-
evsky has shown that the larva is strikingly like those of the
Annelids, as well as the Tornaria stage of Balanoglossus.
While in their development the Brachiopoda recall the
larvae of the true worms, they resemble the adult worms in
the general arrangement of the arms and viscera, though
they lack the highly developed nervous system of the Anne-
lids, as well as a vascular system, while the body is net
jointed. On the other hand they are closely related to the
Polyzoa, and it seems probable that the Brachiopods and
Polyzoa were derived from common low vermian ancestors,
while the true Annelids probably sprang independently
from u higher ancestry. They are also a generslized type,
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having some molluscan features, such as a solid shell, though
hsving nothing homologous with the foot, the shell-gland
or odontophore of molluska.

In accordance with the fact that the Brachiopods are a
generalized type of worms. the species have a high antiquity,
and the type is remarkably persistent. The Lingula of our
shores (L. pyramidata Stimpson, Fig. 134) lives buried in
the sand, where it forms tubes of sand around the peduncle,
just below low-

vater mark from
Chesapeake Bay,
to Florida. It has
remarkable vital-
ity, not only with-
standing the
changes of tem-

perature and ex-
posure to death
from various oth-
er causes, but will
bear transportation to other countries in sea-water that has
been unchanged. Living Lingule have been carried by Prof.
Morse from Japan to Boston, Mass., the water in the small
glass jar containing the specimens having been changed but
twice in four months. The living species of this cosmopol-
itan genus differ but slightly from those occurring in the
lowest fossiliferous strata. Between eighty and ninety liv-
ing species are known, most of them living, except Lingula,
vhich ig tropical, in the temperate or arctic seas, while nearly
2000 fossil species are known. The type attained its maxi-
mam in the Silurian age, and in pal®ozoic times a few spe-
cies, as A ¢rypa reticularis, extended through an entire system
of rocks and inhabited the seas of both hemispheres.

. -Lingula pyramidata making samd-tobes ;
dze —Aner Morse. "8

Crass V.—BRACHIOPODA.

Shelled worms, with a limestone or partly chitinous, snequivalve, hinged
or unkinged shell, enclosing the worm-Uke animal ; with two spsrally coiled
arms provided with dense ciliated cirri or tenlucles, and capable of reacking



106 ZOOLOGY.

to or beyond the edge of thegaping shells ; alimentary canal with the waouth
opening between the arms, an asophagus, stomach with a liver-mass on
each side, and a short intestine ending in a blind sac, and with the stomach
Jreely suspended in the perivisceral space. Nervous system consisting of @
ganglion above and beneath the msophagus, and two lateral ventral sosdely-
separaled threads. No eyes sn the adult, but present in the laresm of
Argiope and Thecidium ; auditory sacs present in Lingula. No arculatery
system, the blood smpelled through the visceral interspaces and lenlacular
sinuses by ciliary action alone. Respiration carried on mainly sn the
mantle and also in thearms. The sexes distinct. One or lwo pairs of sey -
mentul organs. The germ passes through a morula and gastrula stage,
becoming a segmented ciliated larva like that of the true worms, which be-
comes sesaile, the shell developing from the thoracic ssgment of the larea and
gradually enclosing the animal.

Order 1. Testicardines.—Shell calcareous, of prismatic structure, with
hinge and teeth. Intestine ending in a blind sac. Mantle
lobes united behind. (Families Terebratulide, Spiriferidse,
Rhynchonellidee, Strophomenidee, and Productide.)

Order 2. Ecardines.—Shell without a hinge ; arms without a calcare-
ous loop and with no median lobe. Intestine either end-
ing in a blind sac or with a vent opening anteriorly on the
right side. (Families Craniide, Discinide, and Lingulidee.)

Laboratory Work.—8pecimens of Terebratulina can be dredged in
from ten to fifty fathoms on a rocky bottom north of Cape Cod, and the
anatomy and development of the young be studied in living examples.
Lingule can be obtained at Beaufort, N. C., and in the sandy shores
southward. While the gencral structure can be studied from alcoholic
specimens, the recent discoveries which have advanced our knowledge
of the Brachiopods have been made on living, active individuals. The
eggs are minute and have to be studied with high powers of the micro-
scope.

Crass VI.—TuUNICATA (Ascidians, Sea-squirts).

General Characters of Tunicates.—While the Tunicates
are an aberrunt type of worms, with affinities on the one
hand to the larvee of the lower worms, ft.e., the Cercaria
form of the Trematodes, on the other hand they have a
startling resemblance in the tadpole-like young of many
genera to the vertebrate Amphiorus. The position given to
them between the Brachiopods and true worms not far from
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Balanoglossus, is a provisional one. In a diagram showing
the classification, f.e., the affinities of the different classes of
animals, the Tunicates may be represented as an independent
branch sent off possibly from the Trematode stem, running
parallel to the worms, near Balanoglossus, and ending a little
below the level of dmphiorus. They have certainly few
molluscan features, what do exist being superficial, and
nothing to remind us closely of the Polyzoa or Brachiopods,
and the class is here treated of because, in a serial arrange-
ment of the classes of animals, the Tunicates can best be
described at this place, rather than after the true worms, or
immediately before the vertebrates.

The Ascidians are common just below low-water mark,
either hidden in masses of mussels, attached to the rocks
under sea-weeds, or the compound species
may be found forming bright-colored masses
on the piles of wharves and bridges, while
the Botryllus grows on the leaves of eel-
grass. For purposes of study the larger
forms, sach as Ascidia, Cynthia, and Bol-
lenia, may be dredged. On placing a good-
sized Ascidian in a vessel of fresh sea-water,
it will be found to consist of a semi-trans-
parent or quite opaque test with two open- mg. 1% — a1
ings, one lower than the other, as seen in ¥onyien i
Molgula, which looks, when the two orifices
are protruded, like a double-necked bottle. The anterior or
higher orifice or mouth is for the passage of currents of water
into the respiratory sac, and the posterior, usually lower,
excurrent orifice for the passage outwards of fmcal matter.
The test is either delicate and semi-transparent, allowing the
intestine and ovaries and liver to be detected, or it may be
quite tongh and opaque. It is rendered tough and hard by
the presence of cellulose, a substance usually occurring in
the walls of vegetable cells, but very rarely in animal tis-
sues.

Order 1. Ascidiacea.—As an example of the ordinary Tunt-
cates, we will now study the internal anatomy of Bolfenia
reniformis (Fig. 136), which lives in from five to twenty-five
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fathoms off the coast of Northern New England, but which
is sometimes thrown ashore on beaches.

On examining the test of this Ascidian, which is mounted
on a long stalk, the oral or incurrent orifice is seen at the
insertion of the stalk, and the atrial or excurrent orifice on
the same side near tho opposite end. On cutting open the
thick test and throwing the flap over to the left, the deli-
cate mantle or tunic is disclosed ; it extends a short distance
into the stalk or peduncle. This thin hyaline mantle is
crossed by two scts of narrow raised muscular bands ; the
transverse fibres arc arranged concentrically to the two ori-
fices, so as to close or open them, tho longitudinal ones curv-
ing outward from the left side.

Currents of sea-water laden with organic food pass into
the oral orifice, which is surrounded by a circle of tentacles
pointing inward, and thence into a capacious saccular bran-
chial chamber within the mantle, which contracts at the
bottom, where tho csophageal opening is situated. The
walls of this chamber, which is over an inch long in a good-
sized specimen, and gathered into fringed folds, is sieve-like
with ciliated perforations (compare Fig. 137 ¢), making tho
walls like a lattice-work, the blood coursing through the ves-
sels passing between the meehes of the sieve-like walls.

The cesophagus, which lies at the bottom of this branchial
chamber, is also situated near the intestine passing over
the anal end into the short stomach. The intestine is long,
passing up to the insertion of the stalk, where it is held
in place by muscular threads extending into the statk and
attached to the mantle ; it then stddenly bends back and
passes straight down to the vent, which opens opposite to
the atrial orifice ; the end of the intestine is in part revolute
and provided with a fringe of about twenty filamenta. The
liver forms a broad and flat mass of a bright livid green, and
consists of three flat lobes each composed of eight or nine
lobules, with very short ducts enveloping the inner aspect of
the intestine. The ovaries are two yellowish, large and long
Jobulated masses extending nearly the whole length of the
body, while the right one is a little smaller, and situated in
the fold of the intestine. The afrium is that region of the
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body-cavity which lies between the end of the intestine and
the atrial or excurrent orifice ; into this atrial region thc
fzces, oggs, etc., pass on their way to and out of the atrial
orifice.

The eimplest form of Tunicate is Appendicularia, which
is tadpole-shaped, bearing a general resemblance to the larva
of an ordinary Ascidian, so that it may be properly called a
lerval form. The Appendicularia is a pelagic animal, usually
shout one-half of an inch in length, found floating at or
near the surface when the ocean is calm, and occurring im
all seas a few miles from land or in mid-ocean. It swims
by means of its large, long, broad, flat tail, the body being

g 136.—Anstomy of Boltenia.—Drawn by J. 8. Kingsley from thc author's
dissections.

oval or flask-shaped. In Appendicularia flabellum, as de-

scribed by Huxley, the caudal appendage is three or four
times as long as the body. The mouth leads into a large
pharyngeal or branchial sac; a narrow cesophagus at the
bottom of this sac leads to a spacious stomach, with two
lobes, from the left one of which the intestine arises, curves
and ends midway between the mouth and insertion of the
tail. In the middle of the hemal side (that side in which
the heart is situated and bearing the atrial opening) isa
fold of the wall of the pharyngesl cavity called the endostyle.
On each side of this endostyle is an oval ciliated aperture,
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corresponding to the numerous branchial slits in the other
Ascidians, but in Appendicularia each oral
sperture leads into a funnel-shaped afrial
canal, the open end of which terminates
beside the rectum.

The heart is a large pulsatile sac situated
between the two lobes of the stomach. The
nervous system is much more fully developed
than in other Tunicates, and is constructed
on the true Vermian type, consisting first of
a ganglion situated below the mouth on the
gide opposite the atrial opening and opposite
the anterior end of the endostyle. This
nerve-centre throws off nerves to the sides of
the mouth, and from it posteriorly extends a
long cord past the esophagus to the base of
the tail, thence it extends along one side of
the axis of the tail (urochord), swelling at
regular intervals into small ganglia, from
which from two to five small nerves radiate.
On the cephalic ganglion a round ear-vesicle
is attached. Bchind the posterior turn of
the digestive canal is the testis and ovary,
the Appendicularia being hermaphrodite, as
Fol claims, though the ovary is developed
later than the testis. The Appendicularia
has no test, but secretes a fibrous envelope,
which is at first gelatinous, loosely surround-

Fig. 187, — Struc- ing the whole body, and allowing the creature
e e bora: the frecst motion within its cavity.
sy st 2. The general structure of an Ascidian may
Inteetine : < B0 rer. perhaps be more readily comprehended by a
ent duct of the tes- gtudy of 8 compound Ascidian (dmarecium),
- which grows in white or flesh-colored masses
AN paueio on sea-weeds, etc. On removing an Ama-
4 Mvee; & reecium from the mass and placing it under

gaber. the microscope, its structure can be per-
o . ceived. The body is long and slender, as

g Fig. 137. The mouth leads by the capacious bran-
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chial sac (A) to the stomach, while the intestine (B) is flexed,
directed upwards, ending at the bottom of the atrinm not
far from the atrial opening. Tho reproductive glands are
situated behind or below the bend of the intestine, the cggs
being fertilized as they pass into the atrium, and the heart
lies in the bottom of the body-cavity, being directly opposed
to the nerve-ganglion (not represented in the figure), which
lies between the two openings.

In the perfectly transparent Perophora, which grows on
the piles of wharves on the coast of Southern New England,
one individual after another buds out (as also in Clavellina)
from a common creeping stalk like a stolon. In this form
the circulation of the blood-disks in the branchial vessels and
the action of the heart can be studied by placing living ani-
mals in glasses under the microscope. The heart is a straight
tube, open at each end, and sitnated close to the hinder end
of the branchial sac. After beating for a number of times,
throwing the blood with its corpuscles in one direction, th)
beatings or contractions are regularly reversed and the blood
forced in an opposite direction.

Renal organs are apparently represented in Phallusia by
a peculiar tissue, consisting of innumerable spherical sacs
containing a yellow concretionary matter. In Molgula and
Ascidia vitrea Van Beneden, an oval sac containing concre-
tions of uric acid lies close to the ovary.

In the forms already considered the plan of structure is
complicated, owing to the difficulty of distingmishing an
anterior or posterior, a dorsal or ventral aspect of the
animal. In Salpa and Doliolum, however, the body is more
or less barrel-shaped, the hoops of the barrel represented by
the muscular bands which, at regular intervals, surround the
body. The mouth is near the centre of the front end, the
pharyngeal sac is very large, and the digestive tract makes
less of a turn than in the ordinary Ascidians, while the
atrial opening lics directly at the posterior opening. The
heart is truly a doraal vessel, and the nervous ganglion is
gitnated on the opposite side of the body. This relation of
the anatomical systems is most clearly shown in the genus

Doliolum, and we have here a slight approach to the 7"’
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metrical relation of parts seen in the true worms, and which
strongly suggest the conclusion that the Tunicates are mod-
ified worms. This conclusion is strengthened by the fact
that in Appendicularia the ventral nzrvous cord is gangli-
onated st intervals, as in the Annelids, while the twisted
digestive tract is much as seen in Polyzos and Brachiopods.
Furthermore, the branchial sac is strongly analogous to the
pharyngeal or gill-:ac of Balanojlossus, and this structure in
tho Ascidian and whale’s-tongue worm anticipates the pha-
ryngeal or gill-sac of Amphiezus and vertebrate embryos.

The simple Ascidians attain to a large size, Ascidia callosa
being about ten centimetres in diameter, quite round, and in
form and color bears a strong resemblance to a potato.
Ascidia gigas, dredged by the Challenger Expedition, is from
thirty to forty centimetres in diameter, and has a ganglion
nearly as large as a péa. A floating colony of Pyrosoma
gigas is sometimes five feet fong. Cynthia pyriformis Rathke
may be called the sea-peach, from its size, form, and the rich
bloom and reddish tints of its test. It is commmon in deep
water from Cape Cod to Greenland and Scandinavia.

While the Ascidians as a rule do not live below a depth of
150 fathoms, the stalked Hypobythius calycodes Moseley was
dredged by the Challenger Expedition in 2900 fathoms in
the North Pacific Ocean; it is stalked, and about twenty
inches high. The aberrant Octacnemus bythius Moseley was
also dredged in 1070 fathoms near the Schouten Islands,
Tasmania.

Punceri has described the luminous organs of Pyrosoma,
which is highly phosphorescent ; the substance from which
the light is emitted is probably a fatty matter.

Ascidians multiply by budding and by eggs. Examples of
budding or germination are seen in the compound or social
Ascidians, such a8 Amaraecium, etc., where the individuals of
the colony bud out from the primitive one just as it has left
the larval condition and has become fixed. In Didemnium
buds arise from masses of cells floating free within the test.
They multiply by division as soon as the digestive and repro-
ductive organs are indicated. In Botryllus the zooid which
results from the tadpole-like larva serves, according to
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Huxley, merely as a kind of stalk, from which new zooids
bud out, and this process, in his opinion, ‘leads to the still
more singular process of development in Pyrosoma, in which
the first formed embryo attains only an imperfect develop-
ment, and disappears after having given rise to four ascidio-
zooids.” In Clavellina and Perophora the original parent
Ascidian throws off branches or stolons from which develop
new individuals.

The usual mode of development in the simple and com-
pound Ascidians (forming the ordér Ascidiacea) is by fertil-
ized eggs. We will give the life-history of an Ascidian as
based on Kowaleveky and Kupfler’s researches on Phallusia
mamnillata Cuvier, in which the ecmbryonic stages were ob-

%

Pig. 138.—Embryo Ascidian. A, @, primitive ; A, primitive digestive cav-
e T e L e s B
served, and Ascidia inlestinalis, in which the larval and
subsequent stages were studied.

The egg consists of a yolk unprotected by a yolk-skin, but
surrounded by a layer of jelly containing yellow cells. The-
yolk undergoes total segmentation. The next step is the
invagination of the ectoderm, a true gastrula state resunlting.
Fig. 138, 4 (after Kowalevsky), represents the gustrula; 4,
the primitive digestive cavity; «, the primitive opening,
which soon closes ; and ¢, the segmentation-cavity or primi-
tive body-cavity. After this primitive opening () is lost to-
view, sometime before the embryo has reached the stage B,
another cavity (n) appears with an external opening. This
cavity is formed by a union of two ridges which grow out
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from the upper part of the germ. This is the central ner-
vous system, and in the cavity are- subsequently developed
the sense organs. We thus see, says Kowalevsky, a com-
plete analogy 1n the mode of origin of the nervous system of
the Ascidians to that of the vertebrates, the nervous cavity,
where the embryo is seen in section, being situsted above
the digestive cavity in both types of animals.

The next important stage is the formation of the tail
The pear-shaped germ elongates and contracts posteriorly
until of the form indicated at Fig. 138, B. At this period
appears the axial string of nucleated cells, called the chorda
dorsalis, as it is homologous with that organ in Amphsozws
and the embryo of higher vertebrates. The nervous system
consists of a mass of cells extending halfway into the tail
and directly overlying the chorda, but extending far beyond
the end of the latter as seen in the figure. The nerve-cav-
ity (B, n) after closing up forms the nerve-vesicle, a large
cavity (Fig. 139, a), in which the supposed auditory organ
(¢) and the supposed eye (a) arise ; this cavity finally closes,
and the sense-organs are indicated by certain small masses
of pigment cells in the fully grown Ascidian larva.

As the embryo matures, the first change observed in the
cord is the appearance of small, refractive bodies between
the cells. Between the neighboring cells soon appear in the
middle minute highly refractive corpuscles which increase
in size, and press the cell-contents out of the middle of the
cord. After each reproductive corpuscle grows so that the
central substance of the cell is forced out, it unites with
the others, and then arises in the middle of the simple cel-
lular cord a string of bodies of a firm gelatinous substance
which forms the support of the tail. After this coalescence
the substance develops farther and presses out the prote-
plasm of the cells entirely to the periphery. The cord when
complete consists of a firm gelatinous substance surrounded
by a cellular sheath which is formed of the remains of the
cells originally comprising the rudimentary cord. The cells
lying under the epithehal layer form a muscular sheath of
which the cord (Fig. 139, ¢) is the support or skeleton.

The alimentary cavity arises from the primitive cavity
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‘Fig. 138, 4, k) ; whether the primitive opening (Fig. 138,
4, a; is closed or not, Kowalevsky says is an interesting

question.
it probably closes.

The larva hatches in from
fortyeight to sixty hours af-
ter the beginning of segmen-
tation, and is then of the
form indicated by Fig. 139
{copied with some additions
and omissions from Kupffer’s
figure, being partly diagram-
matic). This anatomist dis-
covered in the larva of As-
adia canina, which is more
transparent than Kowalev-
tkys Phallusia larva, not
only a central nervous cord
overlying the chorda dorsalis
md extending well into the
tail, while in the body of the
larva it becomes broader,
elnb-shaped, and surrounds
the sensitive cavity (a), but
be also detected three pairs
of spinal nerves (s) arising at
regular intervals from the
spinal cord (A, A’) and dis-
tributed to the muscles (not
represented in the figure) of
the tail ; Kupffer calls f the
middle and ¢ the lower brain-
ganglion. The pharynx (3),
or respiratory sac, is now
very large; it opems pos-
teriorly into the stomach and
intestine (1) ; z represents

According to analogy with many other animals

Fig.
euvlfy eontdnlnz the eye: | 6 pbnrynx or

180.—Larval Ascidian. a, sense

lover Gnln
s, 8, 8, three
intestine ; ¢,
of epiu:euu cells.—
nges from Kupfler.

sudito orgtn mlddle
ganglion: A, f .J’
.eu of spunl nerv
-wall, consisti
C with some

one of the three appendages by which the larva fastens
itself to some object when about to change into the adult,
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sessile condition ; ¢ indicates the body-wall, consisting of
epithelial cells.

We will now, from the facts afforded us by Kowalevsky,
trace the changes from the larval, free-swimming state to
the sessile adult Ascidia, which may be observed on the
New England coast in August. After the larva fastens itself
by the three processes to some object, the chorda dorsalis
breaks and bends, the cells forming the sheath surrounding
the broken axial cord. The muscular fibres degenerate into
round cells and fill the space between the chorda and the
tegument, the jelly-like substance forming a series of wrin-
kles. With the contraction and disappearance of the tail be-
gins that of the nerve-vesicle, and soon no cavity is left. The
three processes disappear ; the pharynx becomes quadrangu-
lar ; and the stomach and intestine are developed, being
bent under the intestine. A mass of cclls arises on the an-
terior end beneath the digestive tract, from which originate
the heart and pericardium. In a more advanced stage, two
gill-holes appear in the pharynx, and subsequently two more
slits, and about this time the ovary and testis appear at the
bottom, beyond the bend of the alimentary canal. The free
cells in the body-cavity are transformed into blood-cells, and
indeed the greater part of those which composed the nervous
system of the larva are transformed into blood-corpuscles.
Of the embryonal nervous system there remains a very small
ganglion, no new one being formed. The adult Ascidian
form meanwhile has been attained, and the very small indi-
viduals differ for the most part ouly in size from those which
are full-sized and mature.

It will be scen that some highly important features, recell-
ing vertebrate characteristics, have occurred at different pe-
riods in the life of the embryo Ascidian. Kowalevsky remarks
that “¢ the first indication of the germ, the direct passage of
the segmentation cells into the cells of the embryo, the for-
mation of the segmentation-cavity, the conversion of this
cavity into the body-cavity, and the formation of the diges-
tive cavity through invagination—these are all occurrences
which are common to many animals, and have been observed
in Amphiozus, Sagitta, Phoronis, Echinus, etc. The first
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point of difference from other animals in the development
of all vertebrates is seen in the formation of the dorsal
ridges, and their closing to form a nerve-canal. This mode
of formation of the nervous system is characteristic of the
vertebrates alone, except the Ascidians. Another primary
character allying the Ascidians to the vertebrates, is the
presence of a chorda dorsalis, first seen in the adult Appen-
dicularia by J. Miller. This organ is regarded by Kowal-
evsky to be functionally, as well as genetically, identical with
that of Amphioxus. This was a startling conclusion, and
stimulated Professor Kupfler, of Kiel, to study the embry-
ology of the Ascidians anew. Ile did so, and the results this
careful observer obtained led him to fully endorse the con-
clusions reached by Kowalevsky, particularly those regarding
the unexpected relations of the Ascidians to the vertebrates,
and it would appear from the facts set forth by these emi-
nent observers, as well as Metschnikoff, Ganin, Ussow, and
others, that the vertebrates have probably descended from
some type of worm resembling larval Ascidians more perhaps
than any other vermian type, though it is to be remembered
that certain tailed larval Distomz appear to possess an organ
resembling a chorda dorsalis, and farther investigation on
other types of worms may lead to discoveries throwing more
light on this intricate subject of the ancestry of the verte-
brates. At any rate, it is among the lower worms, if any-
where, that we are to look for the ancestors of the Vertebrates,
as the Ccelenterates, Echinoderms, the Mollusks, Crustacea
and Insects, are too circumscribed and specialized groups to
afford any but characters of analogy rather than affinity.

For example, the cuttlefish, with its ¢ bone,” brain-cap-
sule and highly-developed eye, is, on the whole, more remote
from the lowest vertebrate, Amphiozus, than the Appendi-
cularia or the larval Ascidian.

Certain (three) species of Molgula have been found by
Lacaze-Duthiers to have a nearly direct development, not
producing tailed young. There is a slight metamorphosis,
however, the young having five temporary, long, slender
processes. In Ascidia ampulloides the larva has a tail, no-
tochord and pigment spots, which are wanting in the young
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of several species of Molgula, but it has the five long decid-
uous appendages obeerved in young Molgul®. Among the
compound Ascidians, Botryllus and Botrylloides have tailed
voung. while in other forms there is no metamorphosis, de-
velopment being direct.

Order 2. Thaliacea.—On the whole, we may regard this
order, represented by Salpa (Fig. 140), and Doliolum, as
comprising the more specialized forms of Tunicates. Salpa
is pelagic, one species occurring in abundance off the shores
of Southern New England, while
the others mostly live on the high
seas all over the tropical and sub-
tropical regions of the globe. Late
in the summer our Salpa spinssa
of Otto can be captured in multi-
tudes by the tow-net in Long Island
Sound.

There are in Salpa two kinds of
individuals, f.e., the solitary, and
aggregated or chain-Salpe. The
body of the solitary or asexual
form is more or less barrel-shaped,
with a series of circular bands of
mauscles, like the hoops of a barrel,
and situated on the inner side of
the outer tunic. The test is trans-

. 140.—Salpa spincsa. Anin- parent, though very thick, while
dividusl from & matare cbain: the outer tunic lines the cavity of

three-quarter view, enlarged. a,

atrial opening ; b, mouth ; ¢, 3 3
toceen 1y which the membere of the test as in other Tunicates. In

the chaln povid ggfﬁdoi A, beart; p the members of this ordex: the oral
gl —“Aner &, Agussi, fromVer: aperture of the mantle is at one

end of the body, and the atrial
opening at the opposite end, the minute digestive canal be-
ing but slightly curved, the body-cavity being largely occu-
pied by the pharyngeal or respiratory sac. Moreover, the dor-
sal or h®mal side of the body is clearly distinguishable from
the ventral or neural side, as well seen in Doliolum, where
the well-marked tubular heart lies above the digestive organs,
and is directly opposed, as in worms generally, to the nervous

N
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system, which is sitnated ventrally between the mouth and
vent. We thus have in these Tunicates a front and hind
end of the body, a dorsal and ventral, as well as a distinct
bilateral symmetry of the body. This is seen in Agpendi-
cularia as well as in Doliolum and Salpa, however much
this symmetry may be obscured in the more typical Ascidi-
ans, snch as Ascidia, Molgula, Boltenia, etc.

The oral aperture leading into the respiratory sac is large,
being as wide as the body ; the respiratory sac is more com-
plicated than in other Ascidians, and more so than in Doli-
olum, where it is a wide, deep passage, the cesophagus at the
hinder end, the sac itself perforated by two rows of bran-
chial slits, four or five slits in each row. In Salpa, how-
ever, the respiratory suc, as described by Brooks, is attached
to the outer tunic, around the edges of the mouth, as in
other Tunicates. There are only two branchial slits, one on
each side ; these are very large, and cover almost the whole
surface of the branchial sac, except the median dorsal and
heemal lines. On the neural side the branchial slit opens
directly into the atrium, the ciliated line where the two
tunics unite being marked by the so-called ¢“ gill” (Brooks).
In Salpa, according to Brooks, the branchial sac, though
ciliated within, is not so directly concerned in the respiratory
act as in other Tunicates, since respiration is effected largely
by the action of the muscles, which also assist deglutition,
and are the organs of locomotion. These contract rythmi-
cally, with great regularity, and at each contraction the
water is expelled from the branchial sac through the atrial
aperture ; and when the muscles are relaxed, the elasticity
of the test distends the chamber, and a fresh supply is drawn
in through the branchial aperture, the lips of which readily

“admit its passage in this direction, while a similar set of
valves allows its passage out of the atrial aperture, but pre-
vents its return.” Thus a chain of individuals move with a
uniform motion, while the solitary individuals and those
which have been set free by the breaking up of a chain, move
by jerks.

The digestive canal is small, curved on itself, the msopha-
gus leading from the bottom of the pharyngeal or respiratory
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gic into a small stomach, the intestine bending back on
itself, and the vent being near the mouth. The entire diges-
tive canal is immovable, the food being driven through the
permunently distended cavity by means of the cilia lining
its inner surface. The great posterior blood-sinus surrounds
the digestive system on all sides, the nutriment being di-
rectly absorbed from its surface and mixed with the blood.

The nervons system is, in adaptation to its locomotive life,
more specialized than in the sessile forms, and highly spe-
cialized organs of sight and hearing arc present. The heart
is a short, complicated organ, lying in the sinus-system. Its
action is often reversed ; the reversal of the beats tending
to clear the sinuses of the blood-disks overcrowding them.
In one species of Salpa Prof. Brooks states that the blood-
channels are in all cases sinuses, which are parts of the body-
cavity and have no special walls, though in species investi-
gated by other writers there are zaid to be true blood-vessels,
lined with epithelium.

The hermaphroditic, aggrecated or chain-salpa differs from
the solitary asexual form in being less regularly barrel-
shaped, and without the two long posterior appendages of
the latter; in the proportions of the different organs, the
two forms are essentially alike.

The young chain is easily perceived in tho solitary indi-
viduals in the posterior part of the body, curving around the
digestive organs. When first set free from the body of the
solitary Salpa, the chain is about half an inch long, and the
single, individual Salpe composing it are about two and a half
millimetres in length. They grow very rapidly, and soon
reach their full size, when the chains are often a foot or o
foot and a half long ; the individuals composing them when
fully grown being about two centimetres in length. The
chain casily falls apart, and the individuals are capable of
living a solitary life, Huxley stating that the chain-individn-
als of the species observed by him were generally found soli-
tary ; for this reason we should regard the chain-salpse as
individuals, not zooids, being capable of leading an inde-
pendent existence, and with a structure almost identical with

“hat of the solitary Salpe.

=
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Brooks has studied the mode of devclopment of the female
and male Salpa spinosa (Fig. 140). When a Salpa-chain is
discharged from the body of the asexual Sulpa, each indi-
vidual of the chain contains a single egg which is fertilized
by sperm-cells of individuals belonging to some other chain,
and’ after passing through the mulberry stage and entering
the gastrula stage, the germ is in most intimate relation
with the body of its parent. The vase-shaped gastrula is
lodged in a brood-sac. Its body-cavity, originally formed by
invagination of the ectoderm, opens directly into the sinus-
system of its nurse, and the blood now circulates in and out
of the primitive digestive cavity as well as around the out-
side of the embryo. But as the embryo grows and fills the
brood-sac, so that the outer surface of the gastrgla becomes
intimately connected with the wall of the brood-sac, the
blood no longer bathes the outside of the embryo.

At this time the ‘“placenta” is formed. Brooks belicves
that it originates directly from the blood, ‘“ by the aggrega-
tion and fusion of its corpuscles,” not being derived from any
of the parts of the parent or embryo. Soon after its appear-
ance it consists of an inner chamber communicating with the
sinus of the nurse, and having no communication with any
of the cavities of the embryo ; its cavity being a part of the
original ¢ primitive stomach” of the gastrula. It finally has
two chambers, an inner and outer one, and Huxley describes*
the feetal circulation in the placenta, a deciduous organ
analogous in function, but by no means homologous in struc-
ture, with the vertebrate placenta.

When the embryo of the solitary Salpa is nearly one
millimetre (3l inch) long, and while still in the brood-sac of
the parent, the tube which is to give rise to the chain ap-

# ¢t The blood-corpuscles of the parent may be readily traced enter
ing the inner sac on one side of the partition, coursing round it, and
finally re-entering the parental circulation on the other side of the par-
tition ; while the faetal blood-corpuscles, of a different size from those
of the parent, enter the outer sac, circulate round it at a different rate,
and leave it to enter into the general circulation of the dorsal sinus.
More obvious still does the independence of the two circulations be
come when the circulation of either mother or feetus is reversed.”
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pears within its body. We will now briefly trace the devel-
opment of the chain-salpa, condensing Brooks’s statement.
The aforesaid tube is at first simply a cup-like protrusion of
the outer tunic into the cellulose test which now surrournds
the embryo ; the cavity of the cup is an offshoot from the
gsinus-system, the blood passing in and out of it. A small
bud-like protrusion now appears upon the surface of the per-
icardium, and leugthens to form a long rod or stolon, ex-
tending across the sinus and projecting into the cavity of the
cup. At about this period a long, club-shaped mass of pro-
toplasm appears within each of the sinus-chambers of the
tube, and soon after the outer wall is constricted at regular
intervals, each segment being destined to form the outer tu-
nics of the chain-salpe, the constrictions indicating the
bodies of the latter.

By the deepening of these constrictions, each of the
sinus-chambers, which are diverticula from the body-cav-
ity of the solitary Salpa, becomes divided up to form the
body-cavities of the Salpa on one side of the chain. From
the central tube of the stolon arises a row of buds on each
side, which become the branchial and digestive organs of the
Salpa on each side of the chain ; while a similar double row,
upon the other edge, gives rise to the ganglia. The club-
shaped organs within the sinus-chambers become divided up
into single rows of eggs, one of which passes into the body-
cavity of each chain-salpa at a very early period of develop-
ment.

Thus, as Huxley states, budding occurs, not from the outer
wall alone, as in Hydroids and Polyzoa, ‘ but, from the first,
several components, derived from as many distinct parts of
the parental organism, are distinguishable in it, and each com-
ponent is the source of certain parts of the new being, and
of these only.” Prof. Brooks adds that while these changes
are going on the constrictions on the surface deepen, the
wall protruding from them, and each is soon seen to mark
off, on each side of the stolon, the body of a young Salps,
which soon becomes visible to the naked eye. They do not

increase in size gradually from one end of the stolon or tube
to the other, but develop in sets of from thirty to fifty each,

i
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and the development of all which are embraced within a set
progresses uniformly ; there are usually three of these sets
upon the tube of an adult solitary Salpa.*

Thus the Salpa reproduces parthenogenetically as in some
Crustacea and insects, and we have here a true case of ‘alter-
nation of generations.” In 1819 Chamisso stated ‘‘that a
Salpa mother is not like its daughter or its own mother, but
resembles its sister, its granddaughter, and its grandmother. ¢

Immediately after the publication of Brooks’ researches
ou Salpa spinosa, those of Salensky on Salpa democratica-
mucronala (a species said to be closely allied if not identical
with S. spinosa) appeared. According to the Russian ob-
server, as stated by Huxley, who adopts his conclusions, the
cham-salpa is a hermaphrodlte, and the egg while still in
the ovarian follicle is fertilized, when the oviduct shortening
and widening forms a single uterine sac, the maternal and

* The Development of Salpa, by W. K. Brooks. Bulletin of the
Museum of Comparative Zoology, III., No. 14, Cambridge, 1876. We
lhave presented quite fully the author’s account of the mode of devel-
cpment of the young asexual (his female) Salpa, without, however,
adopting his interpretation of the sexes of the two kinds of individuals
of Salpa ; believing his “ female” Salpa to be asexual, and his “ male”
Salpa to be hermaphrodite, with an ovary and testis, as hie hus not ap-
parently observed the fact of the introduction of an egg into the body
of his ““male” Salpa. On the contrary, it appears to be developed
originally in a true, simple ovary or * ovarian follicle;” the testis being
immature and the egg fertiliz d by sperm-cells of other hermaphro-
dites, in-and-in brecding thus being prevented.

t This view has been endorsed by Steeustrup, Sars, Krohn, and
oihers, especially by Leuckart in the following words quoted by
Brooks: “ It is now a settled fact thst the reproductive organs are
found only in the aggregated individuals of Salpa, while the solitary
individuals, which are produced from the fertilized eggs, bave, in
Place of sexual organs, a bud-stolon, and reproduce in the asexual
manner exclusively, by the formation of buds. Male and female
organs are, so far as we yet know, united in the Salpm in one indi-
vidual, The Sulpe are hermaphrodite.” On the other hand, Todaro,
in an elaborate memoir (1876), considers the Salpa as the synthetic
type of all the vertebrata, presenting features peculiar to each class,
even including the mammals. In his opinion it is an allantoidian ver-
tebrate, developed in a true uterus, the neck of which, after the life of
the embryo begins, becomes plugged with mucus.
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embryonic parts of the placenta arising, respectively, from.
the wall of the ovarian sac and from certain large cells (blas-
tomeres) on the adjacent (h@mal) face of the embryo. Thus
the asexnal development of the Salpa is like that of the germ-
masses destined to form the Cercarie developed in the body
of the Redia of the Distoma ; and is also like that of the
plant lice (Huxley). This is a reaffirmation and extension
of the original view of Chamisso.

To recapitulate, the life-history of the Salpa is as follows :
There are two kinds of individuals : a, solitary, asexual ; &,
social, aggregated, and hermaphroditic.

(1.) The solitary, asexual Salpa produces by budding a
chain of hermaphrodite Salpe ; the latter produce a fertil-
ized

(2.) Egg, which passes through a—

(3.) Morula and—

(4.) Gastrula stage, contained and growing in a placenta-
like organ, where the embryo is directly nourished by the
blood of the parent, the embryo finally becoming—

(3.) A solitary asexual Salpa.

We thus have a true alternation of generations, like the
sexless Iydroid and its sexual Medusa, the asexual Aphkis
and its last brood of males and females ; the asexual Redia
and the sexual Dixfoma ; in all these cases the offspring (&)
of the asexual individual («) is unlike the parent, but the off-
spring (c) of the second generation (b) is like (a) the grand-
parent.

Lastly,while some true worms (c.g., Balanoglossus), and the
mollusks through the cuttle-fish, present strong features an-
ticipating the vertebrate structure, the Tunicata seem more
closely allied to the vertcbrates, particularly Amphiorus, than
any other invertebrate type. To sum up these resemblances :
the larval Ascidian has a notochord, a spinal nerve-cord,
and sets of spinal nerves, like those of lowly organized or em-
bryonic vertcbrates, though these are morphologically on the
ventral side of the body, as in other worms; the nervous
cavity and its mode of closure in the embryo is as in the em-
bryvo vertebrate ; the respiratory sac of the adult Tunicate
resembles morpholugically that of the Amphiorus. Conse-
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quently, while as a matter of fact the Tunicates, as a whole,
resemble, and as it were anticipate, the advent of a verte-
brate, like Amphioxus ; as a matter of pure hypothesis, the
Vertebrates may have descended from animals like Tunicates.
Bat we need not on this account dissociate the Tunicates from
the worms, remembering their resemblance to Balanoglos-
#us, and even to the Trematodes, and place them near Am-
phiozus and the Vertebrates in general. But we are obliged
to leave them at this point and pass on to the consideration
of the highly specialized worms and Mollusca. Crustaces, and
Insecta, which are circumscribed, closed types of animals
with possibly a vermian ancestry.

Crass VI.—TUNICATA.

Body usually subspherical, or saclike, obscurely symmetrical ; some.
times barrel- shaped, bilateral, with a dorsal and ventral symmetry, pro-
lected by @ transparent or dense test, containing cellulose, lined within
by a tunic surrounding the body-cavity. Two openings in the test, one
oral, the other atrial; mouth leading into a capacious pharyngeal res-
piratory sac, opening posteriorly by an esophagus into a stomach, which
U provided with a liver; intestine flezed, vent opening near the esophagus,
the foces passing into an atrium or cloacal space, and thence out of the
dirial opening. Nervous system bilateral, forming a double ganglio-
nated chain (Appendicularia), but usually reduced to a single ganglion,
situated within the tunic between the two openings ; a tubular heart, open-
ing at each end, lodged in a sinus-system, and ils beatings often reversed,

the blood finwing in and out at either end. Sezes usually united ; in some
Jorms asezual individuals; reproducing by eggs or budding partheno-
genetically, or by gemmation.

Order 1. Ascidiacea. — Body sac-like, subspherical, usually sessile,
sometimes stalked, simple or compound, minute individuals
growing in & common mass ; the oral and atrial openings
contiguous ; often a complete metamorphosis. (Appendicu-
laria, Botryllas, Amarcecium, Clavellina, Perophora, As-
cidia, Boltenia, Pyrosoma).

Order 9. Thaliacea.—Body barrel-shaped ; free-swimming, test thick,
hyaline ; with circular muscular bands; respiratory sac
widely open; reproducing by alternation of generations,
(Salpa, Doliolum).
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Laboratory Work.—The Tunicates can well be studied only im
a living state ; or sections of hardened Salpe may be made. The
young, caught with the tow-net, should be immediately examined, as
they are very short-lived. Delicate sections of hardened eggs and
larvee are made with great difficulty, but are necessary to examine in
connection with the living more or less transparent animals,

CrAsS VII.—NEMERTINA (Nemertean Worms).

General Characters of Nemerteans.—The Nemertean
worms occur abundantly under stones, etc., between tide-
marks and below low-water mark ; they are of various col-
ors, dull red, dull green and yellowish, and are distinguished
by the soft, very extensile, more or less flattened, long and
slender body, which iz soft and ciliated over the surface,
the skin being thick and glandular. A few forms, such as
Prorhynchus (Fig. 141), live in fresh water.

The mouth forms a small slit on the ventral surface im-
mediately behind the aperture for the exit of the proboscis.
The cesophagus leads to a large digestive tract, ending pos-
teriorly with an anus, and often with short lateral ceeca. In
Pelagonemertes and Avenardia the numerous coeca are much
branched.

The nervous system is quite simple, consisting of two
ganglia in the head united by a double commissure ; from
each ganglion a thread composed of nerve fibres and ganglion
cells passes back to the end of the body.

While the Nemerteans are much like the flat worms,
most of them approach the Annulate, such as the earth-
worm, in their highly complicated circulatory system, which
is composed of a series of closed contractile vessels. There
are three great longitudinal trunks, one median and two
lateral, and connecting with each other. The blood is pale,
rarely red, with corpuscles. Another feature characteristic of
many Nemerteans is the ¢ proboscis,” nothing like it being
found in other worms. Along the back of the head-end is
a special muscular sheath containing the complicated probos-
eis, which is extended through a pore situated above tho
mouth. The sheath contains a corpusculated fluid, and

e
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both the sheath and proboscis lie between the commissures

of the ganglia in the front part of the head.

The ovaries and testes are situated in sacs
on each side of the digestive canal. The
sexes are distinct, with the exception of cer-
tain species of Borlasta. The breeding sea-
son is from March to April, while others
spawn all summer. The eggs are cjected
from lateral, pale, minute openings, and the
species may be either oviparous or ovovivipa-
rous. These worms when molested often
break into fragments; in such cases each
piece is capable of reproducing the entire ani-
mal and all its internal organs.

The Nemerteans present a great range of
variation in their mode of development. In
the simplest mode of growth the young is a
ciliated oval form, without any body-cavity.
In others there is a body-cavity, but the larva
is minute and ciliated, and attains the adnlt
form by direct growth.

ciliated gastrula, but leaves the egg in the
adult form. In others there is a complete
and most interesting metamorphosis. In
several Nemertean worms the egg undergoes
total segmentation, leaving a segmentation-
cavity. The next occurrence is the separa-
tion of a one-layered ciliated blastoderm, the
ectoderm, which invaginates, forming the
primitive digestive cavity, from which the
stomach and csophagus are formed. The
larva (originally described under the name of
Pilidium) is now helmet-shaped, ciliated,
with a long lash (flagellum) attached to the
posterior end of the body. (Fig. 142.)

After swimming about on the surface of
the sea a while, the Nemertes begins to grow

out from near the cesophagus of the Pilidium.

In still another spe-  1
cies (Vemertes communis) the embryo is a |

- . development.

|
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Fig. 141. — Pro-
rhynchus fRuviatilis,
one of the simplest
Nemertean worms,
0. mouth : e, eso-

phagus;i, intestine;
gl, glands opening
into the intes-
tine; o, ciliated pits;
x,style in the pro-
boscis situated
above the sopha-
gus, which ends in a
blind sac at y ; or,
ovary, with eggs in
different stages of

The

worm 1s externally
ciliated.—After Ge-
genbaur,

On each
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side of the base of the vclum (¢) of the Pilidium ap-
pear two thickenings of the skin, one pair in front,
the other behind ; these thickenings push inwards, and
are the germs of the anterior and posterior end of the
future worm. The anterior pair become larger than
the posterior ; the part of
the disk next to the aeso-
phagus thickens ; at the
same time the alimentary
canal of the Pilidium
grows smaller, and only a
narrow slit remains. The
disks now divide into two
layers, the outer much
thicker than the inner.
Soon the anterior pair of
disks unite, and the head
of theworm is soon formed,

TR when the elliptical outline
Pig. 162 Larva_or * Pilum* of Nemer. of the flat worm is indi-

tes, ulth the worm gr(min- init. 7, velum ;
e, eyes ; 4, intestine of the Nemertean worin,— cutcd, and appears some-

After Leuckart. . 3’
what as in Fig. 142. The

yolk mass, with the alimentary canal of the Pilidium,
is taken bodily into the interior of the Nemertes, the
Pilidium-skin falls off, and the worm finally secks the
bottom.

The free-swimming larve of other Nemerteans are very
closcly similur to those of the Annelids, so
that from this fact and the nature of the
highly developed circulatory system, the
Nemerteans have been removed from the
neighborhood of the flat worms, and placed
near the Balanoglossus and Gephyrea, as
\ well as the leeches.
 Fis. aN;n Tetra- Order 1. A nopla.—In this group the pro-
worm s magmped. " boscis is without a style. The species of

Lineus and Meckelia are, in some cases,
very long. Meckelic ingens Leidy is 2} centimetres (an
inch) wide, and attains a length of 4 metres (154 feet). It
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lives under stones at or below low-water mark on the coast
of New England southwards to South Carolina.

Order 2. Enopla.—In the members of this group the
proboscis is furnished with a style. Representatives of the
order are the species of Tefrastemma (7. serpentinum
Girard, Fig. 143) and of Nemertes. The former is a little
vellowish worm, common under stones on the coast of New
England between high and low-water mark ; it has a slightly
marked head with four dark eye-specks.

Crass VIL-NEMERTINA.

Body ribbonlike or eylindrical, soft, extensible, ciliated externally, with
@& proboscis sn a sheath opening by a pore situated above the mouth. Cir-
culatory system approaching that of the Annulata. Serual organs,duct-
less sacs; either with or without a metamorphosis.
Order 1. Anopla.—Proboscis without a style. (Lineus, Meckelia.)

Order 2. Enopla.—Proboscis with a style. (Nemertes, Malacobdellu.)

Crass VIII.—ENTEROPNEUSTA (Acorn-tongue tworms.)

General Characters of the Enteropneusta.—The re-
markable worm, Balanoglossus (Fig. 144), the type of this
class, combines characters peculiar to itself, with features
reminding us of the Nemerteans, Annelids, Tunicata, and
even the vertebrate Amphiozus, while its free-swimming
larva, before its history was known, was supposed to be a
young Echinoderm. It is therefore, like some other worms,
a synthetic or generalized type.

Balanoglossus aurantiacus (Girard, Fig. 144) is a long,
cylindrical, soft, fleshy worm, footless, without bristles, but
with a large, soft, whitish tongue-shaped proboscis in front,
arising dorsally within the edge of the collar surrounding
the mouth. At the beginning of the digestive canal is a
geries of sac-like folds, of which the upper or dorsal portion
is respiratory, and separated by a constriction from the lower,
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which is digestive, and leads directly to the intestine behind.
This pharyngeal respiratory portion of the digestive canal has
on each side, in each segment, a dorsal sac, the two commu-
nicating along the median line of the body. The dorsal re-
gpiratory sacs bear in their walls a delicate chitinous gill-
support or arch. Between the gill-arches, forming numerons
lamelle, are a series of slits, leading on each side to open-
ings (spiracula) situated dorsally. The water passes through
the mouth into each gill-sac, and out by the spiracles. No
nervous system has yet been discovered. There is a dorsal
vessel, which sends branches to the respiratory sacs, and a

FIg: W8 Caten T ormasiay of ‘Dilinogimasar 5 awas. 0, branch of water-vasca-
lar system leading to the dorsal pore /d,. ¢, eye-speck ; g, g.lls ; A, heart ; §, -
g ot A e B Pl 4
cilia ; w, water-system.—After A. Agassiz. * U
ventral vessel. The worm lives in sand at low-water mark
from Cape Ann to Charleston, S. C.

The life-history of this worm is most interesting. The
young, originally described under the name of 7Tormaria,
was supposed to be an Echinoderm larva, though it cloeely
resembles the larval Gephyrea and Annelides. It is a trans-
parent, minute, ciliated, slender, somewhat bell-shaped form
(Fig. 145), with black eye-specks. When transforming to
the worm condition, a pair of gills arise on sac-like out-
growths of the msophagus, and afterwards threc additional
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pairs with their external slits arise, somewhat as in Ascidians.
The entire Tornaria directly transforms into the worm, the
traunsitional period being very short. The body lengthens,
the collar and proboscis develop, and the worm eventually is
a8 seen in Fig. 144 ; afterwards the body lengthens, the end
tapering and becoming much coiled.

Crass VIIL.—ENTEROPNEUSTA.

Footless, smooth-bodied worms ; with no bristles, a large exserted soft
Jleshy proboscis ; breathing by a series of dorsal respiratory sacs opening
snto the digestive canal, and communicating externally by spiracles ; with
a metamorphosis. (Balanoglossus.)

Criss IX.—GEPHYREA (Slar-worms).

General Characters of the Gephyreans.—The most acces-
gible type or representative of this small but interesting group
of worms is a large, smooth, cylindrical worm from six to
ten inches long, which is common in sand or sandy mud at
low-water mark. It is the Sipunculus or Phascolosoma
Gouldii Diesing, and from its abundance and large size, as
well a8 the ease with which it can be preserved in spirits, is an
excellent subject for the laboratory, serving as an example of a
very aberrant type of worm as compared with the earth-
worm, or with a Nereis. The body is as smooth as a pipe-
stem, and about that size, unarmed, with a circle of numer-
ous small, flat, foliaceous tentacles around the mouth. On
laying open the body from the head to the extremity (Fig.
146), the body-walls are seen to be lined with fine longi-
tndinal flat muscles, with two unequal pairs of large whito
retractor muscles, the anterior third of the body being
highly retractile. The intestinal part iz found to float frec-
ly, though anteriorly attached to the walls by a few muscu-
lar threads, in the capacious body-cavity, and is usually full
of fine mud. The cesophaguns is long and slender, situdted
between the shorter pair-of retractor muscles ; behind the
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insertion of the muscles it enlarges, but there is no true
stomach ; it is about twice the length of the body, and is bent

Fig. 146.—Anatomy of Phascolosoma
Gouldii, cut open, with the flaps pinned
down. @, @sophagus; ar, two short
muscles ; pr, two long r-tractor mus-
cles: v, next to a dark line the right
gide of the long @sophagus indicating
the water-vascnlar tube ; n, nervous
cord ; &, segmental organs ; the long,
twisted intestine retnrns, ending at a
Natural size.—Drawn by J. 8. Kings-

.

L

and twisted on itself, ending
dorsally in a vent marked by an
external wart, on the anterior
third of the body. Ncar this
point is situated a pair of large,
long, slightly twisted segmental
organs(s)the free ends of which
flare slightly. = The nervous
system (2) forms an cesophageal
ring, and from it passes a well-
marked ventral single cord,
from which at short intervals
pass off small short lateral
nerves. The vascular system
is represented by a circular
vessel lying next to the ner-
vous cesophageal ring, sending
branches into, or at least in
communication with, the cavi-
ties of the tentacles, and from
the ring passing along and in-
timately connected with the di-
gestive tract, forming a ruffle-
like organ (v), ending at a point
nearly opposite the vent (a).
Prof. Greef finds that the vas-
cular system of Echiurus con-
sists of two main vessels, t. e.,
a dorsal and a ventral vesscl;
the former extending along the
alimentary canal, and sending
a branch to the proboscis, where
it divides into two branches,
cach uniting with the ventral
vessel. The blood is pale yel-
lowish, with corpuscles. The

od-svgtem of the Gephyres, then, is homologous with
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that of the Annulata. There is in Phascolosoma no true
ovary, but the eggs float in masses in the capacious body-
cavity, the animal being a hermaphrodite.

Phoronis is from the highly developed crown of long,
slender tentacles, and its complicated bloud-system, remark-
ably like the Serpule, with which Annelids it is by some
. authors associated. The alimentary tube, however, is like
that of Phascolosoma, the intestine folded and ending next
to the mouth. No nervous system has been detected. A
pulsating artery is attached to the upper side of the long
esophagus, and its branches go into the tentacles from an
asophageal ring. ““Two venous trunks open from the sin-
uses above and behind the arterial branches, and then pro-
ceed downwards, half encircling the cesophagus, till they
unite in a large vessel on its neural surface.” (Dyster.)
This worm is minute, about four millimetres in length, and
lives in a tube buried in holes in rocks. It has a strong re- .
semblance to a Polyzoon, but connects the Gephyrea with
the true Annelids.

In the Sipunculus-like worm Phascolosomma, and in Pho-
ronis, there is & well-marked metamorphosis, and the larva
are somewhat like those of Annelids. The larva of Phas-
colosoma is cylindrical, the head small, with a circle of cilia,
but there are no arms as in the larva of the Phoronis.

The earliest observed stage of Phoronis* is a free-swim-
ming larva, the body transparent, ciliated, with an umbrella-
like expansion on the head, covering the region of the mouth,
while the end of the body is truncated. At this stageit isa
true Cephalula, like that of Echinoderms and worms. Af-
terwards four projections arise at the end of the body, and
twelve long, arm-like projections grow out, the larval form
now being fully attained. In this condition it was de-
scribed as a mature animal under the name Actinotrocha.

When the Actinotrocha is about to transform into a Plo-
ronis the end of the intestine bends up, opening outward

*In our Outlines of Comparative Embryology this account of the
metamorphosis of Ploronis is by mistake regarded as descriptive of
Sipunculus on pp. 157, 158, under Deeclopment. The word Phoronis
on these pages should be sabstituted for Sipanculus.
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near the mouth. The umbrella is gradually withdrawn into
the mouth, so that eventually only a crown of short tooth-
like projections surrounds the mouth. Finally the whole
umbrella is swallowed, the arms at the end of the body dis-
appearing, while the end of the intestine projects far out
from the body behind the mouth. By this time the Phoro-
nis form is clearly indicated, the body being long and slen-
der and the mouth surrounded by a crown of short tentacles,
the end of the intestine being entirely withdrawn within the
body. These changes are rapidly effected. The larva of
Echiurus is formed on the Annelid type.

In Phascolosoma ca@mentarium (Quatrefuges), the body is
much shorter than in P. Goul-
dii ; the worm lives in compani-
tively deep water (10 to 50 fath-
oms), in dead, deserted shells,
building out the aperture by s
conical tube of sand. In Sipun-
culus (Syrinx) the tentacles are
fringed or lobed. It does not
occur in American waters.

In Echiurus the intestine ends
at the end of the body, and there
is & circle of bristles at the pos-
terior end, while Bonellia differs
in having an enormous proboscis,
and only a few bristles near the
head. In Bonellia viridis Rol.
of the Mediterranean (Fig. 147),
the proboscis is deeply forked;
the intestine is very long, convo-

Flg. 147.—Ponellia riridis; the luted, and into the cloaca empty
Probomle collal several [Mimes. ». two cxcretory organs. '.I‘he ovary
row in the prohoxcis ; {,i. digestive ig & cord-like organ, which in the

canal : m, mesenterial threads (onl{
shown on the anterior end of the di-

: » posterior part of the body is fast-
B tioaes T Sianct ~after encd to the intestine.

Ecaze-Iiailiens's Briim Gy baur. Chetoderma nitidulum Lovén
occurs in 2040 fathoms oft the coast of Europe and

Northern New England. The body is long, cvlindrieal, and
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covered with slender, firm, calcareous spines. It has no
tentacles, a straight digestive canal, the vent being terminal,
and two internal gill-sacs, with external lamellate gills.

Instead of a single nervous cord, as usnal in the Gephyrea,
in Chatoderma there are two scparate nerve-cords, one on
each side of the body. The Gephyrea were formerly asso-
ciated with the Echinoderms, but the resemblance is only a
superficial one.

Crass IX.—GEPHYREA.

Body long, eylindrical, smooth, or spiny, or provided with bristles, not
segmented ; usunlly a large proboecis, but none in Phascolosoma; vent
either terminal or.situated dorsally on the anterior end of the body. A
true blood-system homologous with that of the Annulata. Bisezual or
hermaphroditic ; young of the Annelid type, undergoing a metamorpho-
sise. (Chmtoderms, Phascolosoms, Sipunculas, Bonellia, Echiarus, and
Phoronis.)

Laboratory Work.—The common star-worm, Phascolosoma, is one
of the easiest worms to dissect, as it can be readily laid open with
the scissors, and the skin pinned down on the bottom of the dissecting
trough, when the parts can be readily distinguished, its structure being
unusually simple.

Crass X.—ANNULATA (Leeches, Earth-worms, and
- Sea-worms).

General Characters of the Annulata.—This group, rep-
resented by the leeches, carth-worms, and nereids or bristled
sea-worms, tops the series of the classes of worms, and in
the highly specialized, regularly segmented bodies, with their
sense-organs and highly differentiated appendages, stand
nearer the Crustacea and Insecta than any other class of in-
vertebrate animals, their internal organization on the whole
being nearly as complicated.

Reference to the accompanying diagram (Fig. 148) will
show the general relation of the organs of an Annelid to the
body-walls, as compared with corresponding parts, when seen
in sections of Amphioxus and a fish.
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The student, in familiarizing himself with the structure
and mode of growth of the leech, the common earth-worm

Fig. 148.—Trausverse section of a worm, of Amphioxus, and a higher vertebrate
contrasted. a, skin ; b, dermal connective layer; cl muscles; d, ental organ ; A,
arterial, and 4, venous blood-vessel ; g, inwsti'na; 8 nowchord.—mr Haeckel.

and the Nereis, will oQtain a good idea of the essential char-
acteristics of the entire class.

Order 1. Hirudinea.—In the leech (Fig. 149), Hirudo
medicinalis Linn., the type of the first and lower order, the
body is somewhat flattencd and divided into numerous short,
indistinctly marked segments, not bearing any bristles or
appendages. The head is small, with no appendages, bear-
ing five pairs of simple cyes, while each cnd of the body ter-
minates in a sucker. The mouth is armed internally with
three pharyngeal teeth arranged in a triradial manner, so
that the wound made in the flesh of persons to whom the
leech is applied consists of three short, deep gashes radiating
from a common centre. The stomach (Fig. 150) is large,
with large lateral diverticula or lobes, while the intestine is
small. The nervous system consists of a ‘“ brain” and ven-
tral ganglionated cord.

The vascular system is complicated, consisting of a median
dorsal and a ventral vessel, and two lateral vessels ; all these
anastomose or interbranch, and the blood which courses
through them is red, but is eaid to contain no corpuscles.

The segmental organs, so characteristic of the Annulata,
arc well developed in the lecch, consisting of about seventeen
pairs of tubes opening at one end at regular intervals on the
under side of the body, and ending in a non-ciliated coil
(Fig. 149, 7) in the leech, or in the smaller fish-leech, Clep-
sine, open into the venous sinus by ciliated, open mouths.
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Fia. 150,

Fig. 149.—Anatomy of the medicinal leech ;
opened from below. a, &, buceal gucker ; b, infra-
eesophageal vanglion; e, e, . ventral ganglia; d, last
ganglion ; f.f, /. commisxures joining the gunglia j
¢.9, g. nerves of senw and locomouon ; 4, cesopha-
gus ; &, k, k. k. the dilatations or ceeca of the stom-
ach ; m, the last of these lobexs or caeen ; p,p, intes-
tine lying, as well as the stomach, above the ner-
voun chain ; g, rectum ; r, 7, . scgmental organs ;
s, pouch ; z, sheath of s, coupling organ ; #, righ
epididymis; A, A, 4, spermatic cords: B. B, B,
textes ; D, matrix: E| E, ovurics ; w, eud of ovi-
duct; v, sucker.

H%. 150.—Digestive canal of the same ; a, 3, b,
d, b, the atomach and its lateral lobes or cceca; d, ¢,
the two large ceca which extend along each side
of the intestinee, ¢, f, rectum.—Afier Gervais and
Van Beneden.

Digitized by GO()S[C
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The leech is hermaphroditic, while in certain allied fornas
(Histriobdella, etc.) the sexes are distinct.

The eggs of leeches are laid in sacs, or, as in Clepsine, the
fish-leech, are covered with a transparent fluid substance,
which hardens and envelops the eggs. The Clepstne re-
mains over the eggs to protect them until they hatch; and
the young, after exclusion, fix themselves to the under side
of the parent, and are thus borne about until they are fully
developed and able to provide for themselves (Whitman#).
The changes in the egg of Clepsine, after fertilization, are
very complicated, and have been described by Whitman.
The egg subdivides into a bilateral mass of cells called a
blastula ; t a gastrula, and finally a ‘“neurula” stage, charac-
terized by the formation of a ‘“primitive band” like that of
insect embryos. Soon after attaining the latter stage the
embryo hatches and attaches itself to its parent. The mouth
is then formed, the nervous system} arises from the ecto-
derm, the segments are indicated, the original number being
thirty-three, the segmental organs develop from the meso-
derm at about the time of hatching, and about six days after
the neurula leaves the egg the eyes become visible. The
innermost germ-layer (endoderm) does not arise until eight
days after hatching, and by this time the digestive tract is
perfected ; the muscular walls of the alimentary canal being
derived from the mesoderm.

* The Embryology of Clepsine. By C. 0. Whitman. Quarterly
Journal of Microscopical Science. July, 1878.

{+ Whitman states that a morula, as defined by Haeckel, does not
occur in the developmental history of Clepsine, and he states that when
the cleavage process of the egg has been carefully studied it has been
found to result in the production of a bilateral germ or dastula, and
not & morula, ‘“‘A solid splere of indifferent cells’ is, to say the
least, & very improbable form, so improbable that its existence may be
held questionable until established by positive evidence. The doabt
is all the more justifiable, as more careful investigation has in many
cases already shown that the so-called mulberry sfage is not a morula,
but a blastula or even a gastrula.” (Whitman.)

$ There is originally a pair of ganglia in each of the thirty-three
segments ; four of these are consolidated into the subesophageal gan-
glia, eight in the ganglia of the disk, and four in the terminal ganglia
of the body. (Whitman.)
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The early phases in the embryological development of the
leech (Clepsine) strongly resemble those of corresponding
stages in the vertebrates, according to a number of observers.
The origin of the germ-bands, the presence of the primitive
sireak as well as the mode of cleavage, and thc formation of
the gastrula®* and neurula, show that, up to a comparatively
late period of embryonic life, some worms (Annulata) and
the Vertebrates travel along the same developmental path.
As observed by Whitman, the ncurula of the chick, or of
the fish, belongs to the same type as that of Clepsine.
Whether the Vertebrates ever descended from the worms or
any other type of Invertebrates or not, it is a matter of fact
that there is an essential unity in organization and mode of
early development in all the Mefazoa, or three-germ-layered
animals, and that the vertcbrates are probably only a very
highly specialized group of animals, a branch of the same
genealogical tree from which have sprung the only less
generalized groups or branches of Mollusca, Annulata, and
Arthropoda. Certainly the division of the animal kingdom
into Vertebrates and Invertebrates, however useful, is essen-
tially artificial and misleading. Hence it follows that a
study of the Annulata, as well as other types of worms, must
prove to be fruitful in valuable results, and lead to what
may seem startling conclusions.

Order 2. Annelides.—To this order belong the earth-
vorm and sea-worms. The structure of the common earth-
vorm (Lumbricus terrestris Linn., Fig. 151) is essentially
like that of the leech. Externally the body is cylindrical,
many-jointed, the joints or scgments much more distinct
than in the leech, and internally there are septa, or thin
muscular partitions, between them. The mouth is small,
forming an opening on the under side of the first segment.
On, or next to, the twenty-ninth to the thirty-sixth seg-
ments in Lumbricus terresiris is a flesh-colored swollen
portion called the cingulum or clitellum.

The earth-worm is able to climb perpendicularly up boards,

® Professor His admits that the bird passes through a stage compar.
sble with the gastrula of other animals, (Whitman, p. 84.)
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cte., as well as over the ground, by minute, short, curved
set@ or bristles, which are deeply inserted in the muscular
walls of the body, and arranged in four rows along each side
of the body. The alimentary canal is straight, the stomach
has three pairs of small lateral blind sacs (ceeca), and the
intestine, which is externally tubular, contains a thick inter-
nal sac-like fold called a typhlosole.

The segmental organs are highly convoluted tubes, a pair
to each segment of the body, except a few near the head.
and opening internally with ciliated funnels and externally
in minute pores situated along the under side of the body.
The carth-worm is monwcious (hermaphroditic).

The oviducts open in the fourteenth scgment, and the
eeminal ducts (vasa deferentfia) in the fiftcenth. Between
the ninth and tenth, and the tenth and cleventh segments
are the four openings of the seminal recceptacles (receptacula
seminis). Pairing is reciprocal (sce Fig. 151), cach worm
fertilizing the eggs of the other; they pair in Junc and July
in the night-time. The eggs of the European Lumbricus

: rubellus Grube are laid
in dung, a single c¢gg in
a capsule; L. agricola
lays numerous cgg-cap-
sules, each containing
sometimes as many as
fifty eggs, though omly
three or four live to de-
velop.. The development
of the earth-worm is like
that of the leech, the
germ passing through a
Fig. 151.—Earth-worms pairing. After Curtls. morula (blastula), gas-

a, cmbryo (blastula) xoon alter tegmentation of trula and neurula stngt-.
the yolk ; , embryo further advanced ; 0. mouth; ’
¢, embryo still ofder; &, primitive atreak ; @, the worm, when hatch-

neurula ; o, its mouth.—After Kowaleveky. ing, resembling the pa-
rent, except that the body is shorter and with a much less

number of segments,
While the carth-worms are in the main beneficial, from

their habit of boring in the soil of gardens and ploughed
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lids, bringing the subsoil to the surface and allowing the
ur to get to the roots of plants, they occasionally injure
young seedling cabbage, lettuce, beets, etc., drawing them
during the night into their holes, or uprooting them.

The next and highest type of Annulata is the common
e-worm of our coast, Nereis virens Sars. It lives between
tide-marks in holes in the mud, and can be readily obtained.
The body, after the head, eyes, tentacles and bristle-bearing
{et have been carefully studied, can be opened along the
back by a pair of fine scissors and the dorsal and ventral red
blood-vessels with their connecting branches observed, as
vell a3 the alimentary canal and the nervous system.

The anatomy of this worm has been described by Mr. F.
M. Turnbull. It is very voracious, thrusting out its pharynx
and seizing its prey with its two large pharyngeal teeth. It
weretes & viscid fluid lining its hole, up which it moves,
pushing itself along
by its bristles and
lizule. At night,
prbably during the
breeding season,
they leave their
boles, swimming on
the surface of the
vater.

The body consists
o from one hundred
1 two hundred seg-
mestz.  The head
oonsists of two seg-
ments, the anterior
ad buceal, the for-

Ter with four eyes sk Anweld. (ophoadoremy. G thick caicuins
layer with the muscalar layer; m/,

3 re-canals ; 8,
&lld two pairs of muscles of thevgﬂsdes, [3 which retract the central
antenne, The sec- footlobe, while othe:aem pass bo:ﬁ-.m dorsal glandular

projection, d.—After
ood segment bears
four antennz (tentacular cirri). Each of the other segments
bears a pair of paddle-like appendages (rami), which may be
best studied by examining one of the middle segments which
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has been separated from the others. For the finer structun
of the body-walls see Fig. 152.

The alimentary canal consists of a mouth, a pharyn:
armed with two large teeth and much smaller ones. Thu
pharynx is entirely everted during the act of taking its food
Into the cesophagus empty two large salivary glands ; th
remainder of the alimentary canal is straight and tubular
The circulatory system is very complicated ; it is closed anc
the blood is red. Both the dorsal and ventral vessels ary
contractile, the blood flowing forward in the dorsal vessel,
and backward in the ventral vessel. The two small vessels,
one on each side, in each segment of the body, branch ofl
from the ventral vessel and subdivide, each sending a branch
to the ventral ramus of the foot of the segment behind, and
another larger branch around the intestine to the dorsal ves-
sel, receiving also, on its way, a vessel from the upper ramus
of the foot of its own segment. ¢‘Besides these principal
lateral vessels, there are five other vessels on each gide
in each segment, coming from the ventral vessel. These
form a loose but regular net-work that surrounds the in-
testine and is connected with five other convoluted vessels,
which join the dorsal vessel. This net-work on the intestine
probably supplies the hepatic organ with material for its
secretion, and very likely may receive nutritive material from
the digested food.” (Turnbull.)

The blood is adrated in the finer vessels of the oar-like feet
and in those situated about the alimentary canal. ‘The
nervous system consists of the ‘‘brain” and ventral double
ganglionated cord.

The sexes of Nereis virens are scparate ; the eggs during
the breeding season fill the body-cavity, and pass out through
certain of the segmental organs, which act as oviducts, while
others, probably the more anterior ones, are excretory, like
the kidneys of vertebrates, as urea has been detected in themn_
These organs are situated at the base of the lower ramus of
each foot. In some species of the Capifellids Eisig has found
that it is normal for several segmental organs to be present
in a single segment.

While the mode of development of our Nereis has not
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been studied, the eggs are probably laid in masses between
tide-marks, and the young, when hatched, swim freely on
the surface of the sea. The eggs of other worms are carried
about in lateral pouches. The germ undergoes a cleavage
phase and a gastrula stage. We have observed, in Salem
harbor, the development of Polydora (probably P. ciliatum
Clap.) which may be found in August, in all stages, on the

&:‘—_Ajmﬁw stage of Polydora; B, Cephalula stage ; Cand D,
surface of the water. When first observed (Fig. 153, 4) the
body was spherical, with a short, broad intestine, and two
sets of large locomotive bristles. It then passed into the
cephalula state, the head clearly indicated and forming a
large hood. This stage is seen at B, which represents the
under side of the cephalula, the mouth being situated be-
tween the two large ciliated flaps (like the velum of larval
mollusks) of the hood ; the body is now segmented, with a
third set of bristles and a band of cilia on the penultimate
segment ; afterwards as at C, dorsal view, additional rings
are present ; the eyes are distinguishable, and there are two
more sets of bristles. The new segments are, as usual in all
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articulates, interpolated between the penultimate and ter-
minal segments of the body. At D, the body is many-
jointed, the tentacles well developed, the large temporary
bristles have been discarded, and the worm can be identified
as a young Polydora.

It is probable that Polydora is hatched as a frochosphere
like that of Polyzoa, Brachiopoda and certain mollusks.
The young Terebrellides Stroemii, and of Lumbriconereis,

are at first trochospheres, 4. 6., the free-swimming
germ is spherical, with a zone of cilia, two eye-
spots, and no bristles. Thus the earliest stages of
Polyzoa, Brachiopoda, Lamellibranchiata, Gastro-
poda, and even of a Cephalopod (Fig. 220), Nemer-

Pg 14— tina, and Annelides are almost identical. Farther
g;"u‘;;m“ along in their developmental history, the cepha-
m-& 4g- lula of the Annelides (Fig. 153, 4, B, and 155),

is like that of certain Echinoderms (Fig. 155),
Gephyrea, Polyzoa, Brachiopoda, and Mollusca. It may
here be observed that the free-swimming larvee of these types
of invertebrate animals are the young of more or lees seden-

Fig. 155.—Cephalula stage of Echinoderms and Worms, lateral view. 4, Holo-
thurian, B, Star-fish, €, D, of Annelides.

0, mouth ; {, stomach . @, vent ; v, preeoral ciliated band, in B, C, D, independent ;
in A surrounding an oral region.—From Gegenbaur.

tary parents. In this way the species becomes widely dis-
tributed through the action of the marine currents, and too
close in-and-in breeding is prevented.

Certain Annelides sometimes multiply by self-division, the
=wrocess being called strobilation. This is commonly observed
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in the fresh-water worm Nais, also in Sylits and Myrianida,
as well as in Flograna, Protula, etc. Autolytus, a com-
mon worm on the coast of New England, produces one gen-
eration by budding (parthenogenesis). There is, in fact, an
alternation of generations, an asexual Autolylus, giving

T T LI

Fia. 157.

Fig. 156.— Clymenella torquata.—After Verrill.
157.— A
Fig. 157 —ds mmw:ebmw,enm-godtwlee 5, branchia ; ¢, uncini, enlarged 500

rise to a brood of males and females, the sexual and asexual
forms being so unlike each other as to have been mistaken
for different species and even genera.

In Sg/llia and allies certain long, slender processes of the
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feet are jointed, thus anticipating the jointed sppendages of
the Crustacea and Insects.

- The Annelides are divided into two suborders. The first
suborder, Oligochmta, comprises Lumbricus, Nais, etc., while
the second suborder, Chatopoda, embraces Syllis, Autolyéus,
Nereis, Polydora, Aphrodite, and Polynod, which are free-
swimming, while the tubiculous worms which respire by spe-
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Fie. 188. Fia. 180,

Fig. 158.— Clstenides Gouldii, and its tuabe.—After Verrill.
Pig. 159.— Euchone elegans, enlarged.—After Verrill.

cial branchie, or gills, on the head, live in tubes of sand or
in limestone shells. Those which live in sand or mud-tubes
are Cirratulus (Fig. 160), Clymeneand Clymenella (Fig. 156),
which has no branchis, Amphstrite (Fig. 157), Terebrella,
Cistenides (Fig. 158), Sabella, and Euchone (Fig. 159),
while Protula, Filograna, Serpula and Spirorbis secrete
more or less coiled limestone tubes. The large solid shells
of the Serpuls assist materially in building up coral reefs,
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especially on the coast of Brazil. The minute nautilus-like
shells of Spirorbis live attached to the fronds of sea-weeds,
epecially the different kinds of Fucus.
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Fig. 160.—Cirratulus grandis.—After Verrill,

Many sea-worms are highly phosphorescent,the light emit-
ted being intensely green. The tracks of worms like the
Nereis of to-day occur in the lower Silurian slates; their
bristles, however, were spinulose, as in the larval worms.
Thus the type, though highly specialized, has, unlike most
fpecialized groups, & high antiquity, the specialized A4nne-
lides existing side by side with the generalized Polyzoa and
Brachiopoda. At the present time the Annelides are widely
ditributed in the seas of the globe, the tropical forms being
exceedingly abundant among coral stocks and in sponges,
while the arctic seas abound with Annelid life. They also
sparingly exist at great depths, one species of a worm allied
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to Clymens, having been dredged by the Challenger Expedi-
tion at the enormous depth of over three miles (about 5000
mwetres). “

CrLass X.~ANNULATA.

Body long, bilaterally symmetrical, cylindrical, consisting of numerous
segments, either unarmed, or more usually provided with seta alone or with
setw and paddlelike appendages (rami). Head simple, with a few ssmple
eyes, or provided with tentacles (antenne) alone, or with tentacles and bran-
chiw. An eversible pharynz, armed with testh, usually present. Alimentary
system straight, the tubular stomach sometimes sacculated ; vent always
situated in the last segment of the body. Nervous system well developed,
consisting of a brain and ventral ganglionated cord. Circulatory system
closed, with a dorsal and ventral and lateral vessels connected by anasto-
mosing branches in nearly each ssgment. A system of numerous paired
segmental organs. Bezes united or separate. Embryo passing through
a cleavage-stage (morula or blastula), gastrula, sometimes a neurula sage,
and after hatching, development is either direct or there is a marked met-
amorphosis, the larva passing through a trochosphere and cephalula
stage.

Order 1. Hirudines.—Body unarmed, finely segmented ; with a pos-
terior sucker. (Hirudo, Nephelis.)

Order 8. Annelides.—Suaborder 1. Oligochata (Lumbricus, Nals). BSub-
order 2.—Chatopoda (Arenicola, Syllis, Autolytus, Aphro-
dite, PolynoZ, Amphitrite, Terebrella, Sabella, Serpula,
Spirorbis).

TABULAR VIEW OF THE CLA8SSES OF WORMS (VERMES)
Annulata.

Brachiopoda.

Enteropneusta. Polysoa.

Gephyrea. Rok. ; .

Nomc"'tina. Nematelminthes.
Plasyulnm
—

Tunicata.

VERMES,
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Laboratory Work.—Worms should be dissected at once after be-
ing killed by ether or in alcohol, before the circulation has ceased ;
and transverse sections made to observe the relation of the appendages
to the body-walls, and of the different systems within the body-walls.
The worms should also be hardemed in aleohol, and thin sections
stained with carmine be made for histological study. A portion of the
worm can be put in parafine and sliced by hand with the razor or by
the microtome.

Amphitrite ornata.



CHAPTER VL
BRANCH VI.—MOLLUSCA.

General Characters of Mollusks.—The characters which
separate this branch from the others, especially the Vermes
are much less trenchant than those peculiar to other groups
of the same rank, and indeed the author only retains the
Mollusks as a special branch in deference to the general
usage of zoologists, believing that the Mollusca are probably
only a highly specialized group of Vermes, where they were
originally placed by Linnsus, and bearing much the same
relation to the true worms as do the Rofaforia, the Tuni-
cata, the Brachiopoda, etc. It will be seen from the fol-
lowing account of the mollusks, that they travel along, appar-
ently, the same developmental road as the genuine worms,
and then suddenly diverge, and the divergence is not an ad-
vance in a parallel direction, but if anything the road turns
back, or, to change the simile, the branch of the genes-
logical tree bends downwards, It is, and always has been,
extremely difficult to define the Mollusca, their original
bilateral symmetry being partially effaced in most of the
Gastropoda and in some Lamellibranchs, 4. e., in those
Gastropods with a spirally-twisted shell like the snail, orin
fixed bivalve forms like the oyster, etc. The Mollusca are
usually defined as animals with laterally symmetrical, un-
jointed bodies protected by a shell, with a foot or creeping |
disk, and usually with lamellate gills, which are folds of the
mantle or body-walls. The special organs characterizsing
the Mollusks are the foot and, in nearly all except Lamel-
libranchs, the odontophore ; but the foot of a snail is simply
a modification of the under lip, and in reality in many forms
but a specialized ventral surface, as is that of certain non-

segmented worms, like the Planarians and Nemerteans ; while
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the odontophore or lingual ribbon, often absent, is appar-
ently a modification of the pharyngeal teeth of Annelides.
Mollusks in general have a heart consisting of a ventricle
and one or two auricles, and in this respect they are more
like the Vertebrates than other invertebrated animals; the
highly developed eye of the squids and their lmperfect car-
tilaginous brain-box are also special characters analogous to
the eye and brain-box of Vertebrates. Still these features
are not homologous with the corresponding parts in the
Vertebrates, and we have already seen that the Tunicata.
and even the Annelides, are much more closely allied to the
Vertebrata than are the Mollusks, which should, perhaps,
be interpolated between the Brachiopods and Tunicates.
The affinities of the Mollusks are, then, decidedly with the
worms, rather than with the Vertebrates.

That the Mollusca are a highly specialized and compara-
tively modern group is shown by the fact that they began
to abound after the Brachiopods had had their day in the
Silurian seas, and had begun to decay and die out as a type;
the shelled Mollusca supplanted the shelled Vermes or Brachi-
opods. For the upper Silurian period, and those later, the
Mollusks prove useful as geological time-marks, especially in
the Cainozoic period, and so much so that Lyell based his
divisions of Tertiary time mainly on the shells which abound
in Tertiary strata.

Although morphologically the shell of a Mollusk is not
the most important feature of the animal, it is very charac-
teristic of them and of great use in distinguishing the species
of existing, but more especially of fossil, forms; still it is
liable to great variation, and mollusks of quite different
families, and even orders, sometimes have shells much alike,
go that the characters of shells, like many of those drawn
from the peripheral parts of the body, are liable oftentimes
to mislead the student. That the Mollusca are a highly
specialized group is also seen by the enormous number of
existing species, and their wide geographical and bathymet-
rical range. There are about 20,000 living and 19,000
fossil species known, and the group ranks next to the

“inged insects, also a comparatively recent and highly

"
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specialized group, in the number of species and indi-
viduals.

CLASS I.—LAMELLIBRANCHIATA (4cephala, Bivalves).

represented by the oyster, clam, mussel, quohog, scallop,
etc. By a study of the common clam (Mya arenaria Linn.)
one can obtain & fair idea of the anatomy of the entire class,
as it is & homogeneous and well-circumscribed group. The
clam is entirely protected by a pair of solid limestone shells,
connected by a hinge, consisting of a large tooth (in most
bivalves there are three teeth) and ligament (Fig. 161 O L).
The shell8 are equivalve, or with both valves alike, but not
equilateral, one end (the anterior) being distinguishable from
the other or posterior, the clam burrowing into the mud by
the anterior end, that containing the mouth of the mollusk.
The hinge is situated directly over the heart, and 1s there-
fore dorsal or heemal. On the interior of the shells are the
two round muscular impressions made by the two adductor
muscles and the pallial impression, parallel to the edge of
the shell, made by the thickened edge of the mantle. On
carefully opening the shell, by dividing the two adductor
muscles, and laying the animal on one side in a dissecting
trough filled with water, and removing the upper valve, the
mantle or body-walls will be disclosed ; the edge is much
thickened, while within, the mantle where it covers the el-
liptical rounded body is very thin. The so-called black
head, or siphon, is divided by a partition into two tubes, the
upper, or that on the hinge or dorsal side, being excurrent,
the lower and larger being incurrent—a current of sea-water
laden with minute forms of life passing into it. Each orifice
is surrounded with a circle of short tentacles. This siphon
is a tubular prolongation of the mantle-edge, and is very ex-
tensible, a8 seen in Fig. 161, 4 ; it is extended, when the
clam is undisturbed, from near the bottom of its hole to the
level of the sea-bottom. In the fresh-water mussel (Unio,
Fig. 162) the two siphonal openings are above the level of
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the sandy bottom of the water, when the mussel is plough-

ing its way through the B A

sand with its tongue- ___ﬁ_—
shaped foot, which is a

muscular organ attach-

ed to the visceral mass,
and is a modification
of the under lip of the
larval mollusk. In the
foot is an orifice for
the passage in and out
of water, but the spurt-
ing of water from the
clam’s hole, observed
in walking over the
flats,is the stream eject-
ed from the siphon.
The inflowing currents
of water pass from the
inner end of the mus-
cular siphon below the
lenticular visceral mass
to the mouth, which is
situated at the anterior
end of the shell, oppo-
gite the siphon. The
opening is simple, un-
armed, without lips,
and often difficult to
detect. On each side
of the mouth is a pair
of flat, narrow-pointed
appendages called pal-

i. The digestiv
F dlge%tl o 'Hé 161.— A, Mya arenaria with its siphons ex-
nal passes throqgh a tended; in its natural position in the mud head-
end downwards ; B, transverse section of the shell,
dark rounded mass, showing the position of the srrlng ing the
.- shell; &, adductor muecle ; the ligament represent-
mostly conmstmg of ed bt’i darkf I:!hl! 'pr(l} section of tt’lrloih"llf'il:'ﬁ ‘tsl:
Y position of the spring to open the shell; L.
the liver, covered ex- ment:D,idedl transverse section of Unlo; Lintes.
ternally by the ovarian §P%ismueccs; swalloatier Mors o>+ & Blle3
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masses. There is no pharynx armed with teeth as in the
Cephalophora and Cephalopoda, but the esophagus leads to
a tubular stomach and intestine, the latter loosely coiled sev-
eral times and then passing straight backwards along the dor-
sal side under the hinge and directly through the ventricle of
the heart, ending posteriorly opposite the excurrent division

T SRS B 2 0 w0 e bl cpmntngs

of the siphon. Through the visceral mass passes a curious

slender cartilaginous rod, whose use is unknown, unless it be

to support the voluminous viscera. The gills or branchize are
four large, broad, leaf-like folds of the mantle, two on a side,

hanging down and covering each side of the visceral mass
(Fig. 161,D,6). The heart (Fig. 163) is contained in a deli-
cate sac, called the pericardium, and is situ-

@ ated immediately under the hinge ; it consists

~fvYal of aventricle and two auricles ; the former is
easily recognized by the passage through it of

the intestine (Fig. 161, D, v), usually colored

163 Heart dark, and by its pulsations. The two wing-

of the dam- T like auricles are broad, somewhat trapezoidal
ricles; 6, b2 of ip form. Just behind the ventricle is the so-
Soree. called sortic bulb.” The arterial system is
quite complicated, as is the system of venous sinuses, which
can be best studied in carefully injected specimens. At the
base of the gills, however, is the pair of large collective
branchial veins. The kidney, or “organ of Bojanus,” is a
large dusky glandular mass (Fig. 164, 4) lying below but next
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to the heart; one end is secretory, lamellar and glandular,
communicating with the pericardial cavity, while the other
is excretory and opens into the cavity of the gill.  The
nervous system can be, with care and patience, worked out
in the clam or fresh-water mussel. In the clam (Mya arena-

Fig. 184, system of Anodonia, & fresh-water mussel, after Bojanus.
1, ventricle: 3, system ;: 14 and 15, veins which follow the border of the
mantle. The veins lead the blood in part directly towards the M’Iﬂ‘, which is the
hm or “organ of Bojanus,” and w to the venous sinus of the apper surface
of w th

: 5, veins which e blood from the gills, the rest to
mdnu.tw\.m.dnm mn,s.mabnnfm:inm..m‘m

ria, Fig. 165) it consists of three pairs of small ganglia,
one above (the ‘‘brain”) and one below the cesophagus (the
pedal ganglia) connected by a commissure, thus forming an
@sophageal ring ; and at the middle of the mantle, near the
base of the gills, is a third pair of ganglia (parieto-splanch-
nic), from which nerves are sent to the gills and to each
division of the siphon. This last pair of ganglia can be
usually found with ease, without dissection, especially after
the clam has been hardened in alcohol. The ear of the clam
is situated in the so-called foot ; it bears the name of ofocyst
(Fig. 166, 1), and is connected with a nerve sent off from the
pedal ganglion. It is a little white body found by laying
open the fleshy foot through the middle. Microscopic ex-
amination shows that it is a sac lined by an epithelinm, rest-
ing on a thin nervous layer supported by an external coat of
connective tissne. From the epithelium spring long hairs;
the sac contains fluid and a large otolith, The structure of
this octocyst may be considered typical for Invertebrates,
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The ovaries or teateé, a8 the sex of the clam may be, are
bilaterally symmetrical, blended with the wall of the visee-
ral or liver-mass, and are yellowish. The genital openings

1

A -
165.~Nervous system of the clam, nataral sise. w m
eomnl‘:lmre anterior to.’t:e moath; ¢, al commissure ; d Kuh&-
lanchnic commissares ; f, parieto-splanchnic ganglis ; 7, bunchhl nerves ;

nerves ; §, siphonal nervu anal nerves ; m, nerves (o the anterior adductos.—
Drawa by W, K? k' ™

are paired and lie near the base of the foot. Both eggs and
semen arise from the epithelium of the sexual glands. The
eggs pass out into the body-cavity, or acoumulate between the
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gills, where the embryos in some species partially develop.
Impregnation probably takes place within the branchial
chamber, the spermatozoa being
swept in with the respiratory
current, and coming in contact
with the eggs as they are dis-
charged.

An excellent general view of
the relation of parts to the
body-walls and shell may be
seen by hardening a clam, or
better a fresh-water mussel,
Unio (see Fig. 161, D) in alco-
hol, and then making trans-
verse sections. A section can
be floated off in water and ex-
amined with a lens. The per-

will thus be seen.
The above description will answer for the majority of la-

. 167.— : filaments ex-
i Bre?:‘.:'“ M the water, its long numerous filamen

mellibranchiate mollusks ; in the oyster (Ostrea) or in Ano-

Digitized by GOOSIC
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mia the shell is inequilateral, one, usually the lower, being
fixed to some object, and the intestine does not pass throngh
the ventricle; in Areca the ventricle is double. In Lucina
and Corbis there is but one gill on each side, and in Pecten,
Spondylus and Trigonia the gills are reduced to comb-like

::m'é:w%,&monm.g. "'.'iﬂ:he’alﬂm c'b{.“ i ,J,
processes. 'There are usually no eyes present; in the scallop
(Pecten), however, there is a row of bright shining eyes
with tentacles along the edge of the mantle, and contrary
to the habits of most bivalves, the scallop can skip over the
surface of the water by violently opening and shutting its
shell.  7Trigonia is also capable of leaping a short distance ;
wlnle Lima (Fig. 167) is an active flyeror leaper. Osirea and
are dicecious, while many mollusks are monecious or

phroditic. The foot varies much in form, in the
pel (Mytilus, Figs. 168, 169), Pinna, Cyclocardia (Car-
), and the pearl-oyster it is finger-shaped and
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grooved, with a gland for secreting a bundle of threads, the
byssus, by means of which it is anchored to the bottom.

,ﬁ/ AN § ‘

Fra. 170,

Wig. 100.— Mytilus edulls, common mussel, with its fringe expanded, and anchored
by its byasus.—After Morse.
¥ig. 170.—Oydlocardia novanglie, natural size.—After Morse,

The foot in the quohog (Fig. 171 4, Venus mercenaria),
Mulinia (171 B) and Clidiophora (Fig. 172) is large, these

B —

I 71 A.—Venus %ohog. natural with the foot and siphons.
n'% 171 B.—Mactra (Mulinia) , natural sdlz:?'—uter Verrill.

mollusks being very active in their movements. In Glyei-
meris (Fig. 173) the fringe is toothless, much a8 in the
oyster. In Macira (Fig. 174) the middle tooth is large, the
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corresponding cavity large and triangular. In Saziosva and
Panopea (Fig. 175), the pallial line is represented by a
row of dots. In Macoma (Fig.
176) the siphons are very long.

Lithodomus, the date shell,
one of the mussels, bores into
D corals, oyster shells, etc. ; the
common Sazicava excavates
i, — Clidiophora, trilineats, na~ holes in mud and soft lime-
stone, as does (astroch@na,
Pholas and Petricola. Many boring Lamellibranchs are
said to be luminous.

size.—After

Fig. 173.— Glycimeris siligua, natural sise.—After Morse.

A very aberrant form of bivalve mollusk is Clavagella, in
which the shell is oblong, with flat valves, the left cemented
to the sides of a deep burrow. The tube is cylindrical,
fringed above and ending below in a disk, with a minute
central fissure, and bordered with branching tubules. In
Aspergillum, the watering-pot shell, the small bivalve shell
is cemented to the lower end of a long shelly tube, closed
below by a perforated disk like the ‘‘rose” of a watering-
pot.

The most aberrant Lamellibranch is the ship-worm, Tersdo
navalis Linn. (Fig. 179). This species is now cosmopolitan,
and everywhere attacks the hulls of ships and the piles of
wharves. It is one of the most destructive to human inter-
esta of all animals, The body is from one to two feet long,
slender, fleshy; it lives in a burrow lined with limestone,
while the shell itself is globular, and lodged at the farther
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end of the tube or burrow. The mantle lobes of the ani-
mal are united, with a minute opening for the foot, which is
small, sucker-like. The heart is not pierced by the intes-

¥ig. 174.—Mactra ovalis, natural dn.—m Morse,

tine, while the siphons are very long and fnrmshed with
two shelly styles.

Pearls are sometimes produced in bivalve shells by particles
of sand getting in between the mantle and the shell, which

Fig. 175.— Panopaa arctica, natural size.—After Morse,

ritation to the tissues of the mantle and the for-
a nacreous shelly matter around the nucleus.
sarls are sometimes found in fresh-water mussels,

Digitized by (;UMQHC
O
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but the purest occur in the pearl oyster, Meleagrina marga-
ritifera (Linn.), which occurs at Madagascar, Ceylon, the
Persian Gulf, and at Panama. The largest pearl kmown
measures two inches long, four round, and weighs 1800
grains. All bivalves pass through a metamorphosis after
birth. The development of the
oyster is a type of that of most La-
mellibranchs.

A sgingle oyster may lay about
2,000,000 eggs; they are yellow, and
— after leaving the ovary are for the
i, 18— Macoma prozima, most part retained among the gills.
In Europe the oyster spawns from
June till September ; during their growth the eggs are en-
closed in a creamy slime, growing darker as the ‘“spat” or
young oyster develops.

The course of development is thus: after the segmenta-
tion of the yolk (morula stage), the embryo divides into a
clear peripheral layer (ectoderm), and an opaque inner layer
containing the yolk and representing the inner germinal
layer (endoderm). A few filaments or large cilia arise on
what is to form the velum of the future head. The shell
then begins to appear at what is destined to be the posterior
end of the germ, and before the digestive cavity arises. The
digestive cavity is next formed (gastrula stage), and the anus
appears just behind the mouth, the alimentary canal being
bent at right angles. Meanwhile the shell has grown enough
to cover half the embryo, which is now in the ¢ Veliger”
stage, the ¢ velum” being composed of two ciliated lobes in
front of the mouth-opening, and comparable with that of
the gastropod larvee. The young oyster, as figured by Salen-
sky, is directly comparable with the Veliger of the Cardium
(Fig. 177). Soon the shell covers the entire larva, only the
ciliated velum projecting out of an anterior end from be-
tween the shells. In this stage the larval oyster leaves the
and swims around in the water. According to
American oyster becomes free-swimming larva
o egg is fertilized. At a later period it
me rock. The oyster is said to be
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three years in attaining its full growth, but is able to propa-
gate at the end of the first year.

The development of the cockle (Cardium pygmmum), is
better kmown. After passing through a morula and gastrula
stage, the embryo becomes ciliated on its upper surface and
already rotates in the shell. On one side of the oval em-
bryo i8 an opening or fissure, on the edges of which arise two
tubercles which eventnally become the two “gails” of the
velum. The next step is the differentiation of the body
into head and hind body, 1.e., an oral (cephalic) and postoral
region. Out of the middle of the head grows a single very
large cilinm, the so-called flagellum (Fig. 177 4, fi; v,

SR E IR Y e, A
-l.nn.eh. n.wvouaglngllon.—uterln vén.

velum). The shell (B, sk) and mantle (m¢; ml, muscle)
now begin to form. From the inner yolk-mass are developed
the stomach, the two liver lobes (%) on each side of the
stomach (f), and the intestine (§). The mouth (m), which
is richly ciliated, lies behind the velum, the alimentary canal
is bent nearly at right angles, and the anus opens behind and
near the mouth. The velum (Fig. 177 B, v) really consti-
tutes the upper lip, while a tongue-like projection (B, f) be-
hind the mouth is the under lip, and is destined to form the
large nnpmred ¢“foot,” so characteristic of the mollusks.
The shell arises as a cup-shaped organ in both bivalves and
univalves, but the hinge and separate valves are indicated
very early in the Lamellibranchs. At the stage represented
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by Fig. 177 B, the stomach is divided into an anterior and
posterior (pyloric) portion. The liver forms on each side of
the stomach an oval fold, and communicates by a large open-
ing with its cavity ; while the intestine elongates and makes
more of a bend. The organ of hearing then arises, and be-
hind it the provisional eyes, each appearing as a vesicle with
dark pigment corpuscles arranged around a refractive body.
The nerve-ganglion (n) appears above the stomach. The
two ciliated f-lobes now appear, and the number of lobes
{nerenses gmdually to three or four. The foot grows larger,

and the organ of Bojanus, or kidney, becomes visible. The
shell now hardens; the mouth advances, the velum is with-
drawn from the under side to the anterior end of the shell.

In this condition the Veliger remains for a long time, its long
flagellum still attached, and used in swimming even after the

foot has become a creeping organ. Latest of all appears the

heart, with the blood-vessels.

Upon throwing off the Veliger condition, the velum con-
tracts, splits up and Lovén thinks it becomes reduced to the
two pairs of palpi, which are sitmated on each side of the
mouth of the mature Lamellibranch. The provisional eyes
disappear, and the eyes of the adult arise on the edge of the
mantle.

In the fresh-water mussels (Unio) the developmental his-
tory is more condensed. The velum of the embryo is want-~
ing or exists in a very rudimentary state. The mantle and

shell are developed very early. ‘The

young live within the parent fastened to
each other by their byssus. The shell
(Fig. 178) differs remarkably from that of
the adult, being broader than long, trian-

gular, the apex or outer edge of the shell
hooked, while from different points within

— Dndo. s
gl e A project a few large, long spines. 8o dif-
ferent are these young from the parent that they were sap-
posed to be parasites, and were described under the name of
Qlochidium parasiticum. They are found in the parent

mussel during July and Aungust.
The ship-worm (Zeredo navalis Linn. Flg 179) after the
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segmentation of the yolk (Fig. 180 A) passes through a
veliger stage, the shell begins to grow, and when five days

Hg.vlw.—'l'he Ship-worm. ¢, siphons ; p, pallets ; ¢, collar; s, shell ; f, foot.—

and a half old the germ appears as in Fig. 178, B, the shell
almost covering the larva. Soon after this the velum
becomes larger, and then decreases, the gills arise, the audi-
tory sacs develop, the foot grows, though not reaching to the
edge of the shell, and the larva can still swim about free in
the water. When of the A
size of a grain of millet,
it becomes spherical, as
in Fig. 180, C, brown
and opaque. The long
and slender foot projects
far out of the shell, and
the velum assumes the
form of a swollen ring on
which is a double crown ‘ ;

of cilia. The ears and . 180.—Development of the Ship-worm,
ees develop more, and vaugsenciveed by she Bivalve shois'; C, sd:
the animal alternately FRofreifs i as!ase oot 1) andvelum
swims with its velum, or

walks by means of the foot. At this stage Quatre-
fages thinks it seeks the piles of wharves and floating
wood, into which it bores and completes its metamor-
phosis. On the coast of New England the ship-worm
lays eggs in May and probably through the summer.
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Indeed most mollusks spawn in the summer. Species of
Kellia, Galeomma, and Montacuta are viviparous.

Some bivalves get their growth in a single year. The fresh-
water muscles live from ten to twelve years and perhaps
longer ; while Tridacna gigantea probably lives from sixty
years to a century. Of about 14,000 known species of
Lamellibranchs; from 8000 to 9000 are fossil.

Cidss I.—=LAMELLIBRANCHIATA.

Bilaterally symmetrical mollusks, with two valves lined by the mandle, con-
nected by a dorsal hinge and lgament; no head ; mouth unarmed, with
two pairs of labial palps; intestine coiled in the visceral mass, usually
passing through the ventricle, and always ending at the posterior, usvally
siphon-bearing, end of the body. Foot small, sometimes nearly wanting,
never used as a creeping disk. Usually two pairs of large leaf-tike gills on
each side of the visceral mass. Sexes usually in separate individuals.
BEmbryo passing through a so-called moruln, gastrula, and fres-swimming
veliger conditéon.

Order 1. Asiphonia.—Body-wall or mantle without siphons. Shell
sometimes inequivalve. (Ostrea, Anomia, Pecten, Melea-
grina, Mytilus, Arca, Trigonia, Unio, and Anodonta.)

Order 2. Siphoniata.—S8iphons present. Shell equivaive. (Chams
Tridacna, Cardium, Venus, Mactra, Tellina, SBolen, Clava-

gella, Aspergillum.)

Laboratory Work.—In dissecting the clam, etc., the work should be
performed under water, in a dissecting trough. One shell should be
removed by cutting the adductor by a pointed scalpel, the mantle dis-
sected off and thrown aside, o as to expose the gills, heart, and kid-
neys. In dissecting the nervous system it is well to introduce a probe
into the mouth, and then cut down towards it from above, when the
white supracesophageal ganglia or brain” will be found, and the
other ganglia can thence be traced by the commissures leading from the
‘““brain.” To find the pedal ganglia and otocyst, cut the foot vertically
in two. The heart can be readily found, and the large vein at the bese
of the gills, but the arterial and venous systems can oanly well be
studied after making careful injections. For ordinary or evenm quite
fine injections, Sabatier used & mixture of lard and turpentine, some-
times adding a little stiet or wag to thicken the pasts, which was
volored chrome yellow, vermilion, or blue. ¥or histological egami-
nation he used essence of turpentine, coloved #s bufore, or gelatime
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eclored by carminate or ammonis, or Prussian blue dissolved in oxalic
scid, or the precipitate of chromate of lead, or he even injected air
into the vascalar cavities. The mollusk should, before injection, be
allowed to slowly die for several days, and the fluids to leave the body.
The injection should be made before decomposition hasset in, otherwise
the vemsels will burst. Some anatomists plunge mollusks into water
to which has been added aleohol and chlorhydric acid. After remaining
in this flaid for a day or two they can be injected. . The arterial system
can best be injected by the aortic bulb, or aorta; the venous system
may be filled from the foot through the aquiferous orifice, by the
adductor muscle, or by any of the large veins. After injection the
animal should be plunged into cold water to hasten solidification and
then placed permanently in alcohol.

Crass II.—CEePHALOPHORA (Whelks, Snails, etc.).

General Characters of Cephalophores.—We now come to
Mollusca with a head, distinguishable from the rest of the
body, bearing eyes and tentacles ; but the bilateral symmetry
of the body, so well marked in the Acephala, etc., is now
in part lost, the animal living in a spiral shell ; still the foot
and head are alike on both sides of the body; while the
foot forms a large creeping flat disk by which the snail glides
over the surface. Moreover, these mollusks have, besides

* two pharyngeal teeth, a lingual ribbon or odonfophore. In
a shelless land-snail (Onchidium) Semper has discovered the
existence of dorsal eyes, constructed, as he claims, on the
Vertebrate type. They are in the form of little black dots
scattered over the back of the creature, and their nerves
arise from the visceral ganglion. Familiar examples of the
Cephalophora are the sea-sndils, the sea-slugs, and the
genuine air-breathing snails and slugs.

Order 1. Scaphopoda.—A very aberrant type of the class
i8 Dentalium, the tooth snail, common in the ocean from
ten to forty fathoms deep, on our coast. It livesin a long
slender tooth-like shell, open at both ends, while the animal
has no head, eyes, or heart, and the foot is trilobed. Owing
to the presence of a lingual ribbon, we would retain it in the
present class, though it is a connecting link between this and
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the preceding class, and is, by some authors, regarded as
the type of a separate class (Scaphopoda). The sexes of

181.—Development of Denfallum. A, morula ;: B, trochosphere ; C, sumu-
h&lmn D, Isrvmhh its rndlmenury ohell &, velum ; @, shell ; X, yom-d
::;:mmcod the sholl or dlge:rme;ml .‘amd menhry &n{mﬁu 3 J, sal
oot
iageal e i [ ve iver (/) ; M

Dentalium are distinct. The young is a trochosphere and
afterwards becomes segmented, and the univalve
ghell then appears. (Fig. 182.)

Order 2. Pteropoda.—In these winged-enails
the head is slightly indicated and the eyes are
rudimentary ; while they are easily recognized by
the large wing-like appendages (epipodinm), rne
on each side of the head. The shell is conical
or helix-like. The species are hermaphroditic.
Cavolina tridentata Lamarck and Styliola vilrea
Verrill (Fig. 183) are pelagic forms, occurring on

Fig 188 —Den- the high seas, and are occasionally taken with the

::“ mli;e& s tow-net off the southern coast of New England.
AferSteams.  Limacina arclica Fabr. is of the size of, and

looks like, a sweet pea, moving up and down in the water.
It is common from Labrador to the polar regions.
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A common form, occurring at the surface in harbors
north of Cape Cod, as well a8 many miles off shore, is Spiri-
alis Gouldis Stimpson, the shell of which
resembles a conical Helix. The largest
form on the eastern coast of North
America, extending from New York to the
polar seas, is the beautiful Clione papillon-
acea of Pallas, which has a head and lin-

ribbon. It is rare on the coast of
New England, but abundant from Labra-
dor northward. We have observed it
rising and falling in the water between
the floe-ice on the coast of Labrador. It
is an inch long, the body fleshy, with no
shell, the wings being rather small.

The larvee of the Pteropods pass through
a trochosphere stage, being, as in Cavolina, s 1o yayioia
spherical, with a ciliated crown. It after-
wards assumes a veliger form. Fig. 184 represents a worm-
like, segmented, Pteropod larva, the adult of which is
unknown. In other genera the larvee are annulated, resem-
bling the larvee of Annelides.

The Pteropods are, in some degree, a generalized type.
They have a wide geographical distribution and
a high antiquity ; forms like Cavolina, viz.:
Theca, Conularia, Tentaculites, Cornulites,
etc.; dating back to the palaeozoic formation ;
Theca-like forms (Pugiunculus and Hyolithes)
occurring in the primordial rocks.

Order 3. Gastropoda.—This great assemblage
of mollusks is represented by the sea-slugs,
limpets, whelks (Figs. 185-188), snails, and

Fig. 184.—Plero- glugs. The head is quite distinet, bearing one,
pd and sometimes, as in the land-snails, two pairs
of tentacles, with eyes either at the bases, or at the ends of
the tentacles, or, as in Trivia californica (Fig. 189), they
are situated on projections near the base of the tentacles.
All the Gastropeds move or glide over the surface by the
broad creeping-disk, & modification of the foot of the clam,




260 ZOOLOGY.
etc. The head is alike on each side, but posteriorly the body

Fie. 187,

Fig. 185.—A Whelk. Buccinum crefaceum.

Fig. lﬂ.—A Whelk., Buccinum cillatum.—After M

Fig. 187.—Strombus pugilis. West Indies.—From Mney .

ru xma-mm- Foot. Aporrhgls oocidentalis. Northern New Boglapd.-
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is, in those species inhabiting a spiral shell, asymmetrical
and wound in a spiral, the visceral mass extending into the
apex of the shell. In the Nudibranchs (Figs. 195, 197), and
the slug, the body being naked is symmetrical
on each side.

The digestive tract is doubled on itself, the
vent ending on one side of the mouth. In
some Nudibranchs the intestine has numerous
lateral offshoots, or gastro-hepatic branches,
which resemble similar structures in the Plana-
rian and Trematode worms. A heart is always
present, except ir the parasitic Enfoconcha,
and sometimes, as in Chifon, Neritina, and
Haliotis, it is perforated by the intestine. In
some genera there are two auricles to the heart,
but as a rule but one is present. The Gastro- 38 1% — -
pods breathe by gills either free, or contained §{hamed twice.—
in a cavity in the mantle, while in the land-
snails (Pulmonata) the air is breathed directly by a lung-like
gill in a mantle-cavity. The kidney is single. The sexes
are either distinct or united in the same individual.

An excellent idca of the structure of a typical Gastropod
may be obtained by a dissection of Natica (Lunatia) heros.
This is a large mollusk, common between tide-marks from
Labrador to Georgia. On taking it up the student will
notice the large, round, swollen, porous foot, from which
the water pours a8 if from the ‘“‘rose” of a watering-pot.
The shell is large, composed of several whorls, with a small
flattened spire or apex. The aperture is large, lunate in
shape, and can be closed by a large horny door or oper-
culum, (In some mollusks, Natica, Turbo, etc., the oper-
culum is of solid limestone, and small ones are used as *eye-
stones,” being inserted in the eye and moved about by the
action of the lids, thus cleansing the eye of irritant particles
of dust, etc.)

The animal should then be placed in a dish of salt water,
and its movements observed. There are but two short,
broad, flattened tentacles, situated on a flap or head-lobe

) of the mantle or body-walls. No eyes are present
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in this species. The mouth is situated in front of the foot
and at the base of the head-lobe, and is bounded by large puck-
ered swollen lips. Cutting down from between the tentacles,
a large buccal mass, the pharynx, is exposed. The mouth-
cavity is roofed with two broad quadrant-shaped, flat thin
teeth, with the free-edge serrated. On the floor of the
mouth lies the ¢ tongue,” or lingual ribbon (Odontophore),
which is folded once on itself, and is a thin band composed
of seven rows of teeth, those forming the two outer rows
long and much curved, those of the central row being stout
and three-toothed. The long slender cesophagus is tied
down, near its middle, by the brain (supracesophageal gan-

glion) ; just behind and beneath which are the two large

salivary glands. The cesophagus suddenly dilates into a

large stomach-like pouch, which is much larger in this

species than in other forms allied to it. It is a sort of crop

or proventriculus (the organ of Delle Chiaje), and rarely oc-

curs in the Gastropods. On laying it open, it may be seen

to be spongy at its anterior end, and posteriorly divided by

numerous transverse partitions into small cavities. The

esophagus beyond it is again slender, and leads to the

stomach situated in the apex of the shell, partly embedded

in the liver-mass which lies mainly beyond it. From

the stomach the intestine returns to the head, widely dilat-

ing into a large sacculated cloaca, before the free up-

turned vent, which is situated on the right side behind and

to the right of the right tentacle. The nervous system is

represented by a pair of large ganglia, forming the brain

(supracesophageal ganglia) situated just below and behind

the pharynx. The two other ganglia were not traced, but as

a rule in all Cephalophora there are three pairs of ganglia,

i. e., the brain (supracesophageal ganglia) with commissures

passing around the gullet to the pedal or infracesophageal

ganglia, thus forming the cesophageal nervous ring, while the

visceral or parieto-splanchnic ganglia are placed at a varying

distance behind the head.

_The heart, contained in its pericardial sac, and consisting of
tricle and auricle, is situated near the posterior end of

» The latter are disclosed by laying aside the mau-
)
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tle on the left side of the body behind the head. In a large
Lunatia it is an inch long, with a vein at the base, the gill-
lobes arranged like the teeth in a comb. A smaller, much
narrower gill lies within and parallel to it. The ovary is
situated near the stomach, the ovi-
duct ending near the vent.

The eggs are laid in capsules (Fig.
190, Purpura lapillus and two egg-
capsules) of varied form attached
to rocks or, as in Trockus and the
Nudibranchs, in masses of jelly at-
tached to sea-weeds or stones. 50 Pwms salits car

As a type of the mode of devel- Afer Morse.
opment of Gastropods may be cited that of Calypirea si-
nensis, represented in our waters by Calyptrea striata Say
(Fig. 191).

s
Fra. 198,
191.— Cal; striata, nataral size.—After Moree,
Flg IR—Ve'l‘“ S:if Oalyptm. J, foot ; v, velum ; s, mouth ; ce, ectoderm ; ‘ce,

l’ig lm.—leger of w:rplrcza further advanced. m, mantle
l, _ezlrt H ns.‘s)ermment ; &, primitive kidney ; &, crosses tho sfxell and rests on

v, velum ; 7, foot ;

According to Salensky, after segmentation of the yolk
into eight cells the first four cells or ‘‘spheres of segmenta-
tion” subdivide, enclosing the yolk-mass, and constituting
the ectoderm or outer germ-layer, the yolk-mass forming the
endoderm. The cells of the outer germ-layer multiply and
form the blastoderm, from which the skin, mantle, and ex-
ternal organs, a8 well as the walls of the mouth, arise. The
¢¢ primitive” mouth of the gastrula is formed by the invagi-
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nation of the outer germ-layer ; the sides of the primitive
mouth form the two sils of the velum or swimming organ,
and the embryo now assumes the veliger stage (Fig. 192).
Soon the middle germ-laver (mesoderm) arises, and from
the cells compoeing it are developed the muscles of the foot
and head. as well as the heart itself. The mantle or body-
wall next develops, and from it the shell, which originates in
a cup-like cavity which is connected only around the edge
with the mantle, being free in the centre. The eyes and ears,
or otocysts, next appear, both organs arising as an infolding
of the outer germ-laver. Hitherto symmetrical, the alimen-
tary canal now begins to curve to the left, and the visceral
sac, or posterior part of the embryo hangs over on one side.
The nervous system is the last to be developed.

Fig. 193 represents the asymmetrical larva with the shell
enveloping a large part of the body, and the ciliated velum
(r) and foot () well developed. A temporary larval heart
(A) assumes quite a different position from the heart of the
adult, and the primitive, deciduous kidney (k) is sitnated in
quite a different place from the permanent kidney. The
further changes consist in a gradual development of the hel-
met-like shell, the disappearance of the temporary larval
structures, and the perfection of the organs of adult life, the
gills appearing quite late.

The development of Trochus, the top-shell, exhibits more
strikingly the trochosphere and
veliger stages of molluscan life,
and most Gastropods develop
like this form. The velum
at first forms a ciliated ring
(Fig. 194, 4, v) on the front end
of the trochosphere. Fig. 194,
B, represents the veliger state.

It thus appears that the tem-

Fig. 194.—Yarval Tyochus. A, tro- :
chosphere ; o, velum ; B veliger state; porary larval or veliger form of

iy, J, foot s, shell—Af&t 1o (astropods are of vermian
origin, the organs last to be de-
, the foot, shell and lingual ribbon, which are the

n characters, being the last to appear.
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The Nudibranch mollusks, such as the Eolis and Doris and
allied forms, breathe by external gills, arranged in bunches
on the back, as seen in Fig. 195, £olis (Mon-

tagua) pilata (Gould), a common species on

\ the coast of New England. In Doris (Fig.
197), they are confined to a circle of pinnate

gillson the hinder part of the back. They are

Fie. 195, Fre, 196.
Fig. 195, —/BolunNndlbnnch
Fl u\:ﬂ — Veliger of Tergipes. v, velum ; s, shell ; d, foot; b, otocysts.—After

Hg. 197.— Doris bilamellala. New England coast.

shelless, and not uncommon just below low-water mark,
laying their eggs in jelly-like masses cniled up on stones and
the surface of sea-weeds. Though the adults are shelless,
the embryos at first have a shell ;
(Fig. 196, s), indicating that

the Nudibranchs have descend-

ed from shelled Gastropods. & ,
Fig. 196 represents the veli- Aeeroueonkes, Com-
ger of Tergipes lacinulata mon Fond: ranl! Afier Horee
Schultze, allied to Doris, with its large ciliated velum, and
protected by a deciduous shell, which finally disappears with
the velum.

The air-breathing mollusks, Pulinonata, are represented by
the pond-snails, Physa (Fig. 198) and Limneus (Figs. 199,
200), and the land-enails and slugs. Fig. 205 represents a
glug suspended by a mucous thread from a twig.

The common snail, Heliz albolabris Say, is a type of the
air-breathing mollusks. Fig. 201 represents this snail of
natural gize, in its shell. The opening to the lung is seen
at @, and at B is represented the heart and lung of the gar-
den slug (Limax flavus). Fig. 202 represents Heliz albo-
labris with the shell removed, and the mantle thrown back,
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showing the lung and heart (%) and the mouth (m) as well
as the four tentacles, with an eye at the end of the two
upper tentacles. Fig. 203 shows the
brain and pedal ganglia of Heliz albola-
bris. The tentacles when carefully exam-
. ined may be found to contain both the
eyes (¢) with the optic nerve (op) and the
olfactory nerve (Fig. 206, o). Fig. 204
represents the jaw and lingual ribbon of
Helix.

The eggs of the pond-snails are laid in
transparent capsules attached to sub-
merged leaves, etc. Those of Physa
heterostropha are laid in the early spring,
and three or four weeks later from fifty to
sixty embryos with well-formed shells may

Fig.199.—Limnaus ap- be found in the capsule.
presue.—After Morse.  1he eggs of Limnaus are laid late in
the spring in capsules containing one or two eggs, and sur-
rounded by a mass of jelly. After passing through the mo-

Fig. 200.— Limnaeus elodes, a common pond-snall, showing its varistions -
After Morse.
rula, gastrula, and trochosphere stages a deflnite veliger
stage is finally attained. The foot is large and bilobed, the
mantle and shell then arise, and the definite molluscan char-
acters are assumed, the shell, creeping foot, mantle-flap, eyee,
and tentacles appearing, and the snail hatching in about
twenty days after development begins.

Land-snails and slugs lay their eggs loose under damp
leaves and stones, and development is direct, the young
snail hatching in the form of the adult.
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Fie. 303. Fie. 204.

Pig. 901.—Heliz aldolabris, natural size. a, orifice of lung. Also the heart and
of Limaz agww lmgnhed
22— Heliz albolabris, with the shell removed to show the heart (%) and the
: m, mouth.—This and Fl l)l-m after Leidy.
28— Nerve-centres of Hellz albolabris.
Nu4tvaowu figure) and side and top view of teeth of lingual ribbon of
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The group of mollusks represented by Chiton (Fig. 207,
Chiton ruber) have been referred to the worms by Jhering,
. on account of the segmented appearance
of the plated shell, and the nervous sys-
tem, which consists of two parallel
cords, connected by several commis-
sures ;* as well as from the fact that the
intestine ends at the hinder end of the
body. The young
is oval when hatch-
ed, and is a trocho-
sphere, having a

‘ ciliated ring in the

Fig. 206.—8lug. Nat- middle of the bOdy
S with a long tuft of
large cilia on the head. Afterwards
it becomes segmented, as in Fig. 208,
and is remarkably worm-like, the
limestone plates of the adult corre-
sponding to the primitive larval rings.

Certain Gastropods are useful either
as food or in the arts. In Europe I
Littorina littorea, the limpet (Patella of Fur = ove o smiic
vulgata), the whelk (Buccinum wn- "<7¢: ¢ olfscion nemes
datum), and the Roman snail (Heliz
pomalia) are eaten. The sea -ear
(Haliotis) is roasted in the shell
The animal of Cymba, Strombus gi-
gas, Turbo, Trochus, and Conus are
eaten in the tropics, while many of
the larger forms aro used for fish-
bait. Pearls are sometimes found in

Fro. %08. the species of Haliotis and Turbo.

a0 e e 'iarva  The beautiful shell of Cassis is made
of Chiton. : into cameo pins, and the shell of
Strombus gigas is in the West Indies made into ornaments.

* In Fissurella and Haliotis the two nerve-cords from the pedal gan.
glia are also united by nine transverse commissures, so that hero also
we have an approach to the double ganglionated cord of worma.

Fia. 27.
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Various shells, such as Marginella, Turbinella, etc., are
strung in bracelets and armlets by savages. Cypraa moneta,
the cowry (Fig. 209), is used for money, and other shells
are worked into various shapes for wampum or aboriginal
money. Fig. 210 represents an Olivella, used by the Cal-
ifornian Indians as money. Murezx and Purpura afford
the Tyrian dye.

While a few Gastropods are pelagic, living upon the high
seas, such as Jantkina and the Nudibranch Glaucus, most
of the species are submarine and live in all seas ; the hardier,
moet widely diffused species living between tide-marks, the
more delicate forms in decp water, ranging from low-water

Fia. 210.

Fre. m.—w:ma moneta.—After Stearns.
F1e. 210.—Olsvella Mpaoala.-—.ut;r Stearns.

mark to fifty or one hundred fathoms. The abyssal fauna at
the depth of from 500 to about 2000 futhoms has a few char-
acteristic mollusks. Many live on land and in fresh water.

The largest, most highly colored shells live in the tropics,
while those found in the temperate zones are less beautiful,
and the arctic species are the smallest and dullest in color.
The shells of the eastern coast of North America are
divided into several assemblages, or fuune, the West Indian
or tropical shells, in some cases, reaching as far north as
Cape Hatteras ; between this point and Cape Cod a north
femperate assemblage occurs, and north of Cape Cod the
molluscan fauna is essentially Arctic; many species being
common to the arctic and subarctic seas of the circumpolar
regions,



270 ZOOLOGY.

Marine shells in time date back to the lowest Silurian
period ; such are Maclurea, Holopea, Murchisonia, Pleuro-
tomaria, etc., which occur fossil in rocks of the Potsdam
period. The Palmozoic Gastropods are few in number com-
pared with those occurring in Cretaceous and especially Ter-
tiary formations.

The earliest land-gnails occurred in the Coal Period ; the
living species are exceedingly numerous, and often much re-
stricted in range, especially in the tropics; the arctic forms
are very scarce, but four or five species occurring in Green-
land. There are over 22,000 species of " Cephalophora known,
of which 7000 ave fossil. There are 6500 species of Pulwmo-
nata.

Subclass 4. Heteropoda.—The Heteropods form a distinct
subclass, the systematic position of which was for a long
time unsettled ; but they are now classed among the Gas-
tropods, being in fact related to the Opisthobranchiata.
Their most striking peculiarity is the form of their foot,
the anterior and middle portions of which are expanded to
form a leaf-like fin, which often bears a sucker ; the poe-
terior part of the foot is much elongated, and, reaching far
backwards, appears to form a tail-like continuation of the
body. The Heteropods are more or less transparent, and
are found swimming upon the surface of the ocean, upon
their backs with their foot upwards. The shell may or may
not be developed ; when present it may be either simple or
coiled. The nervous system resembles closely that of the
true Gastropods, but is more highly developed ; the brain
consists of several supracesophageal ganglia forming part of
an osophageal ring. From the brain arise the optic and
auditory nerves. The two largoe eyes lie in special capsules
ncar the feclers, and are movable by several muscles. The
otocysts are also large, and contain a large spherical otolith.
The otocysts are lined by an epithelium with bundles of
long vibratile hairs, and with a cluster of sensory cells, form-
ing a macula acustica. Organs of touch have also been
described. The sensory apparatus of the Heteropods are
highly specitlized, and have been studied by Claus, Boll,
Flemming, and others. The odontophore 15 well developed ;
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the tongne or raduls has highly characteristic teeth, which
serve these rapacious animals to seize their prey. The in-
testine runs straight back from the mouth, and after mak-
ing one or two coils ends in the vent. The excretory organs
open near the anus; the contractile tube opens internally
into the pericardial cavity, and resembles in form and posi-
tion the excretory organ of the Pteropoda. The circula-
tion is imperfect, the blood passing from the wide sinuses
of the body to the ventricle of the heart. From the auricle
springs the aorta, which subdivides into several branches
that open frecly into the body-cavity. The circulation can be
easily watched, owing to the transparency of the body. The
aération of the blood is effected partly through the skin,
partly through gills, except in a few species. The branchia
arc either thread- or leaf-like ciliated appendages, which
may either be free or enclosed in the mantle-cavity. The
sexes are distinct. Tho males can be readily recognized by
the large copulatory organ, which hangs frec on the right
side of the body. The sexunal glands fill the posterior por-
tion of the visceral cavity, and are partly imbedded in the
liver. The oviduct is complicated by the presence of an
albumen gland and a receplaculum seminis. It opens on
the right side of the body.

The Heteropods are exclusively marine, but are found in
all quarters of the world. The number of species is emall,
and there are two orders only—the Plerofracheides with a
small or no shell and free gills, and the Atlantide with a
large coiled shell and gills placed in the mantle. Plero-
trachea (Firola) coronata Forsk. is found in the Mediter-
ranean, and on account of its transparency has often been
investigated. The Heteropoda live together in large num-
bers, and feed on small animals.

The eggs are laid in cylindrical strings, which soon break
up into numerous pieces. The segmentation of the yolk is
complete but irregular. The embryo rotates within the egg
during the wveliger stage, when it has two distinct sails, or
lobes of the velum, and a ciliated foot with an operculum.
In this form it leaves the egg. The velum enlarges and
formg several divisions, The otocysts, eyes, and tentacles are
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then developed. The foot gradually lengthens and forms the
characteristic fin or keel. The velum is meanwhile ab-
sorbed, the operculum (Carinaria), or the operculum and
shell, are thrown off, and the larva gradually assumes the
form and organization of the adult. The close relationship
of the Heteropods and Gastropods is shown by the great
similarity of their larve. Gegenbaur even goes so far as to
include them under the Opisthobranchiata, while von Jher-
ing unites them with Chitons and some other forms under
the name of Arthrococklidm ; for the present it scems best
to retain them as a subclass.

The fossil genus Belleropkon is closcly related to the
Atlantide.

Crass [L—-CEPHALOPHORA.

Mollusks with a distinct head, with tentacles, eyes and ears in the head ;
the fool forming a creeping disk; thebody either naked and bilaterally syee-
metrical, or enclosed in & spiral shell, and consequenty behind the head
asymmetrical. Mouth with pharyngeal teeth and a lingual ribdon (odon-
tophore). Nervous system consisting of four pairs of ganglia, the braim
well developed. The intestine usually ending near the mouth. The Reart
with usually @ single auricle. Breathing by a single gill, or a Inng ks
gill ; a double kidney, but forming a single mass. Sexes united or sepa-
rate. Young passing through a morula, gastrula, sometimes a trocko-
sphere and wsually a veliger stage; in the land-snails developmens
direct.

Subclass 1. Scaphopoda.—No head, several long thread-like tentacles ;
foot long, trilobed. Shecll long, conical, open at each end.
A single order Solenoconche. (Dentalium, Siphonodenta-
lium.)

Subclass 2. Pteropoda —Body with two wing-like expansions (velum)
on the front part of the foot, for swimming : body naked or
shelled. Hermaphroditic. Larva with a velam and sbell.
Order 1. Thecostomata (Hyalea, Cleodora, Cavolina). Order
2. Gymnosomats. (Clione).

Subclass 8. Gastropoda.—Order 1, Prosobranchiata (Haliotis, Patella,
Trochus, Littorina, Lunatia, Paludina, Turritells, Ianthina,
Cyprea, Strombus, Cassis, Buccinum, Nassa, Puarpura.)
Order 2. Opisthobranchiata. (Bulla, Aplysia, Eolis, Doris.)
Order 3. Pulmonata. (Limnsus, Planorbis, Auricyla, Helig,
Bulimus, Limax),
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Subelass 4. Heteropoda.—Naked or shell-bearing mollusks, with a large
prominent head, large movable eyes, and foot with a keel-
like fin. The sexes are distinet. Respiration by gills. Or-
der 1. Pterotracheide.—Pterotrachea, Carinaria, Firoloides.
Order 3. Atlantide.—Atlanta (living) ; Bellerophon (fossil).

Laboratory Work.—The Gastropods are very difficult to diesect, and
it is quite esmential that the
specimen be freshly killed, and
that it has died as fully ex-
peaded as possible. For this
purpose they should be al-
lowed, as Verrill suggests, to
die in stale sea-water, with
the parts expanded ; when the
animal is nearly dead, the soft
parts can be foreibly held out
by the hand while the animal
is killed by immersion in alco-
bol Bhells and other marine
wimals may be obtained by
means of the dredge (Fig.
Al), an jron frame with a
oet, to which is attached a Fig. 211.—Dredge.
rope and weight.

Cuass ITI.—CePHALOPODA (Squids and Cuttle-fishes).

General Characters of Cephalopods.—The essential
features of this class may be observed by a study of the com-
mon gquid, represented by Fig. 212. The following account
8 based on dissections of Loligo Pealii Lesueur (Fig.
213). A general view of the body of the entire squid,
vith its arms and suckers, is given in the accompanying
illustration (Fig. 212) of Loligo pallida Verrill. The body
B fish-like, pointed behind, and with two broad fleshy fin-
like expansions at the end of the body. The head is dis-
tinet from the mantle or body, and the mouth is surrounded
!’78 crown of ten long stout pointed grimns, provided on the
lnner side with two rows of alternately arranged cup-shaped
suckers, each sucker being spherical, hollow, with a horny
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rim ingide. Two of the ten arms arise from the under side
of the head ; they are twice the length of the eight others,
and oval at the end. On each side of the head behind the
tentacles are the remarkably large eyes, which, though usual-
ly said to be more like the vertebrate eye than thoee of any
other invertebrate, are really
constructed fundamentally on
the same plan as the eye of
the snail ; differing in several
important respects from that
of a Vertebrate, the resem-
blances between the two being
superficial, while the struc-
ture of the eyes of mollusks is
quite unlike that of Crusta-
ceans, insects or Vertebrates.

The mantle loosely invests
the front of the body next to
the head, so that the water
passes in around the neck in
¢ | order to bathe the gills, which
08| are quite free from the visce-
B ral mass. The mantlo is beau-
Jtifully colored and spotted,
the change of color being due
to the change in form of the
pigment masses or chromalo-
phores, which are under the
influence of the peripheral
nerves.

The mantle is supported by

. 212.— Lol ; male. About & horny ¢ pen” (Fig. 214), ot

one i natarel aten e Afier ¥ vl pen-shz o thin(Fsugp port, %
tending from the upper side of the anterior edge of the
mantle to the end of the body. In the Sepia of the Medi-
terranean Sea this is thick. formed of limestone, and is
called the ¢ cuttle-fish bone.”

The organs of digestion consist of a mouth, pharyns,
cesophagus, stomach and intestine. The mouth is &i




Pw. 213—Anatomy of common squid.—Drawn by J. 8. Kingsley, from the autho
@sections. The brain (d ) In nature s situated above the esophagus. suthor's
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between the tentacles, and is surrounded by & double fleshy
lip, the outer fold of the lip bearing short fleshy pointed lobes
opposite the spaces between the tentacles. The
pharynx is large, muscular and bulbous, contain-
ing two powerful horny teeth, shaped like a par-
rot’s beak ; the two jaws are unequal, the lower
one the smaller, moving vertically. On opening
the base of the smaller jaw, the lingual ribbon or
odontophore (Fig. 213, po) may be discovered ; it
consists of seven rows of teeth, somewhat as in
those of Architeuthis Hartingii (Fig. 215).

The cesophagus (@) is long and slender, with two
long oval salivary glands (sg) on each side of it, just
behind the pharynx; the salivary duct leading
into the mouth-cavity. The esophagus has
several internal longitudinal folds, and passes
on one side of the large liver () which lies in
front of the stomach, and which is about one
third as long as the whole body, extending back-
wards.

On laying open the stomach, a series of large
¢ semicircular transverse curved valves may be

F1g. 214 8een, occupying the anterior third of the stom-
P o 404 ach (s), while beyond are scattered glandulsr
side; natural ;mggges, The pyloric end opens into an oval
Verrll. cecum (ca) with about fourteen longitudinal.
thin high ridges. There is no spiral portion attached. The
intestine (in) is straight, thick, and passes forward, ending

in a large vent (a), the edges of
which are lobulated. The ¢“ink-
bag” (Fig. 213, 1) can be recog- é
nized as a purse-like silvery sac,

filled with a dense pigment, the

sepia, which, like the Chinese . 918.—Part of lingual ridbos of
segia, can bo used for drawing. arcinic HM'M.
The duct is straight, and is intimately attached to the in-
testine, ending close to the vent, both the vent and open-
ing of the duct of the ink-bag being situated at the bot-
tom of the funnel or siphon (Fig. 213, f), which is a large
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thort muscular canal with a large orifice extending on
the ventral side to the base of the tentacles. Through
this siphon passes excrementitious matter as well as the ink,
and the stream of water which is forcibly ejected from the
sipbon, thus propelling the squid through and sometimes
out of the water.

The two gills (Fig. 213, g), are large, long slender bodies, at-
tacted by a thin membrane to the inner wall of the mantle,
and are qmte free from the visceral mass. From the bran-
chial vein arise two rows of lamelle like the teeth of a comb.
At the base of each gill is a flatted oval body, the ‘“bran-
chial heart,” or auricle (Fig. 213, 54). The auricles are quite
wparate from the large four-cornered flat ventricle (Fig.
213, %), lying in front of the stomach, and which throws off an
wrtery from each corner, the aorta being the largest, and
passing parallel to the cesophagus, while a large vein (vena
tsva) is sent off to the gills from a circular sinus in the
head. .

The nervous system is more complicated than usunal in
Mollusca, and is very difficult to dissect. In Loligo Pealii the
highly concentrated nervous system is mainly contained in an
imperfect cartilaginous brain-box (cg), a slight anticipation of
the skull of the Vertebrates. The brain (supracesophageal
ganglion, Fig. 213, d) rests upon the very large optic nerves,
which dilate at the base of the eye, the latter being partially
imbedded in sockets in the brain-box. The visceral (parie-
tosplanchnic) ganglion lies beneath and a little behind the
brain, supplying the nerves for the ears (otocysts), which
are enclosed in the cartilaginous brain-box, and there is a fine
canal leading from the ears to the surface of the body, so
that, as Gegenbaur states, it is possible to distinguish a mem-
branous and a cartilaginous labyrinth, analogous to the

similar parts found in the Vertebrates. The pedal ganglion
(Fig. 213, p) is paired with the visceral ganglion (Fig. 213, »),
but lies in front of it, behind and under the bulbous pha-
tynx, and from it arise ten nerves (¢), which are distributed one
to each arm, passing between the two rows of suckers. Two
tmaller ganglia, the superior bnocal and inferior buceal, lie
one above and one below the beginning of the cesophagus.
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Besides this set of five cephalic ganglia, there are three pairs
of ganglia belonging to the visceral or sympathetic nerve, |
which arise from the visceral ganglion situated among the |
viscera ; a single one (the ventricular or splanchnic ganglion) |
is situated over the stomach near the origin of the aorta,
which sends a nerve to the caecum, and another accompanies
the aorta; the mate to this ganglion is situated near the
vena cava. A pair of ganglia is situated on the mantle walls
(ganglia siellata), and there are two branchial
ganglia. The kidneys (k) are irregular
branching spongy bodies, in intimate con-
nection with the auricles or branchial hearts.
The sexes are distinct. The ovary (o) is
large, especially when the eggs are ripe, and
is situated in the end of the body-cavity.
The single oviduct is as in some worms,
separate from the ovary, and in this respect
the Cephalopods approach or anticipate the
Vertebrates, in which the oviduct is also
separate from the ovary. The oviduct
(ov) is a thick straight tube, with a flaring,
deeply-lobed mouth. The eggs,when ex-
truded, are enveloped in a large gelatinouns
capsule (Fig. 216), which is secreted by the
large flattened nidamental gland (¢) on the
floor of the body-cavity, tied down at each
end by cord-like membranes. Usually there
,‘ﬂ‘g,’m&j are two nidamental glands,

—After Verrill. The earliest phase of development of the egg
of most Cephalopods (Sepia, Loligo) is like that of birds and
reptiles, the yolk undergoing partial segmentation, the blasto-
derm being restricted to a small disk, asin Vertebrates. Even-
tually the blastoderm encloses the whole yolk, the mantle
begins to form, the eyes are at first in-pushings of the ounter
germ-layer, and the mouth appears. The digestive tract
originates from a primitive invagination of the outer germ-
layer (ectoderm), as in Amphiozus, Ascidians, worms, and
some Owmlenterates. About the tenth day, as observed by
Ussow, at Naples, the gills, siphon or funnel, and arms arise,




DEVELOPMENT OF CUTTLE-FISHES. 279

snd a day later the rudiments of the ears, of the pharynx
snd salivary glands ; while a day or two after, the ventri-
cle, auricles, the kidneys, the ink-sac, and liver develop.
Contrary to the usual rule the ganglia arise from the middle
instead of the outer germ-layer. After this the germ grad-
uslly develops until it rises above the surface of the egg,
and s0on the yolk is partly absorbed and is contained in a

Fie. 218.

.—Embryo of Loligo Pealil. a, a”, a’, a’”, the right arms belonging to
: ¢, the ride of the head : ¢, the cye ; f, the candal fins; A, the heart; m,
which the color. vesicles are n{rcu{r develo and capable of chang-
their eplors ; 0, the internal cavity of the ears ; &, siphon.—Afrer Verrill,
218.—The same as Fig. 217, but more advanced. 'l!;le lettering in Figs. 217 and
28 the oame. —Both after Verriil.
large yolk sac, as in Figs. 217, 218. TFinally the young cut-
tle-tish hatches in the form indicated by Fig. 219, and then
#¥ims free upon the surface of the sea.

The development of Cephalopods in general is, then, di-
rect, i.e., there is no metamorphosis, the phases of meta-
morphosis seen in most other mollusks not appearing ; but
in an unknown spocies of cuttle-fish whose eggs were found
floating on the Atlantic, the germ, after the partial segment-
ation of the yolk, assumed a free swimming condition (Fig.
220 before the definitive features (Fig. 221) of the cuttle-fish
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appeared. The squids or cuttle-fish are very active, some-
times leaping out of the water and falling on the decks of
large vessels. They dart rapidly back-
ward by ejecting the water frormm their
siphon or funuel.

The Cephalopods are divided into
two orders, according to the number of
their gills,

Order 1. Tetrabranchiata. — ‘This
group, in which the gills are four in
number, is represented by the Natfelus,
the sole living representative of a num-
ber of fossil forms, such a3 Orzkoceras,
Goniatiles and Ammonites.

Nautilus pompilius Linn. (Fig. 222),

~and ‘Nautc’lus umbilicatulus are the
only survivors of about 1500 extinct
18 Bat toiho mvancaa® Species of the order.

Order 2. Dibranchiata.— The Ds-
branchiates are so called from possessing but two gills, while
the Tetrabranchiates had, as in Nautilus, numerous unarmed
tentacles ; these are now represented by ten (lecapoda). or

Fia. 220.

230.—Development of an unknown cuttle-fish. o, cilia ; y, yolk ; ws, mmamm-

tle beginnlng to develop.
1.—-The same, much farther advanced. a, a’, ¥, arms ; m. moutd : be. oo

gmn f rnnnel "Aa ear: g, opl.i.c ganglion ; ml,mmdg the dosted line -ud.tng in a
cher.

eight (Octopoda) arms, provided with numerous suckers. To
the ten-armed forms belong Spirula, a diminutive cuttle, with
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an internal coiled shell. The shells of Spirula Peronii La-
marck are rarely thrown ashore on Nantucket ; it lives upon

Fig. 222.—Pearly Naatilus, N. pompilius. Seen in section showin
the &mbm and siphuncle. Half natural size.—From Tenney's Z(E
ology.

the high seas. The extinct Belemnites was provided with an
air-cavity (phragmocone) with a straight shell, the ¢ thunder-

¥ig. 223.—Poulpe or Common Octopus of Brazilian Coast.

bolt ” fossil. Allied to Loligo and Ommastrephes, are gigan-
tic cuttle-fishes which live in mid-ocean, but whose remains
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have been found at sea, or cast ashore at Newfoundland and
the Danish coast ; or their jaws occur in the stomach of
sperm whales, as squid of all sizes form a large proportion of
the food of sperm whales, dolphius, porpoises, and other
Cetaceans provided with teeth. The largest cuttle-fish
known is Architeuthis princeps Verrill, the body of which
must be about six and a half metres (mneteen feet) in length,

and nearly two metres
(five feet, nine inches)
in circumference. The
two longer arms are 9
metreslong. Architewn-
this monachus Steen-
strup has a body about
two metres (seven feet)
long, and the two long-
er arms seven metres
(twenty-four feet})
long. A still larger
individual was esti-
mated by Verrill to be
in total length about

fourteen metres (forty-

Fig. 24.— Ocfopus Baird t: size, dorsal and H
Latcrsl view, Gt of Matné Afer Verril four feet). It is some-
times thrown ashore

on the coast of Newfoundland and Labrador, and in one in-
stance attacked two men in a boat.

The Octopus (Fig. 223) and Argomauta represent the
eight-armed forms.
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Those weird, horrifying creatures, the Octopi, are very soft-
bodied, and live on shore just below or at low-water mark, or
in deeper water. They have no shell or pen. Octopus punc-
tatus Gabb expands 4} metres (14 feet) from tip to tip of the
outstretched arms. They are brought of this size into the
markets of San Francisco, where they are eaten by Italians
sad Chinese. An Indian woman at Victoria, Vancouver
Island, in 1877, was seized and drowned by an Octopus, prob-
sbly of this species, while bathing on the shore. Smaller spe-
c¢ies on coral reefs sometimes seize collectors or natives, and
fastening t» them with their relentless suckered arms tire
and frighten to death the hapless victim. Octopus Bairdii
Verrill (Fig. 224) inhabits the Gulf of Maine at from fifty
to one hundred fathoms.

The 4 rgonauta, or paper nautilus, has a beautiful, delicate
shellL. A. argolives in the Mediterranean, and in deep water
70 to 100 miles off the coast of Southern New England. The
saimal lives in the shell, but is not permanently attached to
it, the ghell not being chambered, and holds on to the
tides by the greatly expanded terminations of two of its
arms, which secrete the shell. The males are very small, not
more than five centimetres (one inch) in length. During
the reproductive season the third left arm becomes larger
aud different in form from the others, and becoming encysted
is finally detached from the body, and deposited by the male
within the mantle-cavity of the female, where the eggs in a
way anknown are fertilized by the spermatic bodies. The
free arm was supposed originally to be a parasitic worm, and
was described under the name of Heclocolylus.

The living species of Cephalopods have a wide geographi-
cal range, and a high antiquity, the earliest forms appearing
in the Lower Silurian Period, while the type culminated in
the Triassic, Jurassic and Cretaceous Periods.

Crass IIL.—CEPHALOPODA.

Nollnsks with the head-lobe divided into arms, usually provided with
Sackers ; eyes more highly organized than in any other invertebrates ;
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nervous ganglia much concentrated and protected by an smpevfect caortila-
ginous capsule ; pharynz armed with two teeth like a parrot’s beak, be-
sides an odontophore. Sexes distinet. Usually development €8 direct,
with no metamorphosis ; segmentation of the yolk partial, and a preess-
tive streak is present as in birds and reptiles.
Order 1. Tetrabranchiata—With four gills. (Nautilus, living : Or-
thoceras, Goniatites, Ammonites, extinct.)

Order 2. Dibranchiata.—With two gills, (Spirula, Belemnites, ex-
tinct, Sepia, Architeuthis, Loligo, Ommastrephes, Octopus
Argonauta.)

TABULAR VIEW OF THE CLASSES OF MOLLUSCA.

Cephalopoda.

Cep
Lamellibranchinia.

MovLvLusca.

Work.—The cuttles are not easy to dissect. A horimon-
tal section through the head will show the relations of the cartilaginous
capsule to the brain, optic nerves and eyes. The nervous ganglia can
only be traced after tedious dissection. To study the viscera freshly-
killed specimens are quite essential,
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CHAPTER VIL

BRANCH VIL—ARTHROPODA (CRUSTACEANS AND
INsEcTs).

General Characters of Arthropods.—To this group be-
Jong those Articulates which have jointed appendages, . e.,
antenn®, jaws, maxille (or accessory jaws), palpi, and legs
arranged in pairs, the two halves of the body thus being
more markedly symmetrical than in the lower animals. The
skin is usually bardened by the deposition of salts, carbon-
ate and phosphate of lime, and of a peculiur organic sub-
stance, called chitine. The segments (somites or arthro-
meres) composing the body are usually limited in num-
ber—twenty in the Crustaceans and eighteen in the insects—
while each arthromere is primarily divided into an upper
(tergum), lower (sternum), and lateral portion (pleurum).
These divisions, however, cannot be traced in the head either
of Crustaceans or insects. Moreover the head is well marked,
with one or two pairs of feelers or antennw, and from
two to four pairs of biting mouth-parts or jaws, and two
compound eyes ; besides the compound eyes there are simple
eyes in the insects. The germ is three-layered, and there is
usually a well-marked metamorphosis. The Arthropoda
are nearest related to the worms, certain Annclides, with
their soft-jointed appendages (tentacles as well as lateral
cirri) and well-marked head anticipating or foreshadowing
the Arthropods. On the other hand, certain low parasitic
Arthropods, as Linguatula, have been mistaken for genuine
paragitic worms. So close are the affinities of the Vermes
and Arthropods that they were by Cuvier united as a Branch

Articulata, and while the Annelides and Arthropods may
have had a common parentage, the recent progress in our
knowledge of the worms, has led naturalists to discard the
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Articulata of Cuvier as a heterogeneous assemblage of
forms embracing at least three branches of the animal king-
dom, namely, the Vermes,
Tunicata, and Arthropo-
da.

The Arthropoda are di-
vided into two well-de-
fined classes, f.e., the
Crustacea with two body-
regions, the head-thorax
Palemonetes ouigarie. and abdomen (Fig. 225),

Fig. 225.—Shrimp,
@, cephalo-thorax ; b, abdomen. and breathing thl’Ollgh
the body-walls or by external gills; and the /nsecta (7Tra-
cheata), in which the arthromeres are grouped into three
body-regions, i. e., a head, thorax, and abdomen ; and which
breathe by internal air-tubes (traches).

———

CrLass I.—CRUSTACEA (Water-fleas, Shrimps, Lobsters,
and Crabs).

General Characters of Crustaceans.—The typical forms
of this cluss are the craw-fish, lobster, and crab, which the
student should carefully examine as standards of comparison,
from which a general knowledge of the class, which varies
greatly in form in the different orders, may be obtained.
The following account of the lobster will serve quite as well
for the craw-fish, which abounds in the rivers and streams
of the Middle and Western States.

The body of the lobster consists of segments (somilfes,
arthromeres), which in the abdomen are seen to form a com-
plete ring, bearing a pair of jointed appendages, which are
inserted between the sternum and tergum, the pleurum not
being well marked in the abdominal segments. The abdo-
men consists of seven segments. One of these segments
(Fig 226 1) should be separated from the others by the stu-
dent, in order to observe the mode of insertion of the legs.
Each segment bears but a single pair of appendages, and it



Fig. 226.—External anatomy of the lobster.—After Kingeley.
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is a general rule that in the Arthropods each segment bears
but a single pair of appendages. The abdominal feet are
called “‘swimmerets ;” they are narrow, slender, divided at
the end into two or three lobes or portions, and are used for
swimming, as well as in the female for carrying the egga
The first pair are slender in the female (Fig. 226, B2 ) and not
divided, while in the male (Fig. 226, B &) they are much
larger, and modified to serve as intromittent organs. The
sixth segment (Fig. 226, @) bears broad paddle-like append-
ages, while the seventh segment, forming the end of the
body and called the ¢ telson,” bears no appendages. It rep-
resents mostly the tergum of the segment. Turnmg now to
the cephalo-thorax, we see that there are two pxurs of an-
tenne, the smaller pair the most anterior ; a pair of mandi-
bles with a palpus, sitnated on each slde of the mouth;
two pairs of maxille or accessory jaws, which are flat, di-
vided into lobes, and of unequal size ; three pairs of foot-jaws
(maxillipedes), which differ from the marxille in having gills
liké those on the five following pairs of legs. There are thus
thirteen pairs of cephalo-thoracic appendages, indicating that
there are thirteen corresponding segments ; these, with the
seven abdominal segments, indicate that there are twenty
segments in a typical Crustacean. By some anthors the eyes
are regarded as homologues of the appendages, but in early
life they are seen to be developed on the second antennal seg-
ment, as they are in the lower Crustacea. They are simply
modified epithelial cells of the body-walls, as in the eyes of
the lower invertebrates. The cars are situated in the smaller
antenne (Fig. 226, ¢’). In the second or larger antenns are
situated the openings of the ducts (Fig. 226, ) leading from
the ““ green glands,” while the external openings of the ovi-
ducts are situated, each on one of the third pair of tharacic
feet.

It is impossible, except hy counting the appendages them-
selves, to ascertain with certainty the number of segments
in the cephalo-thorax, the dorsal portion of the segments be-
ing more or less obsolete, but the carapace, or shield of the
head-thorax, may be scen, after close examination, to rep-
resent the second antennal and mandibular segments,
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and is so developed as to cover the other cephalo-thoracic
segments, thus exemplifying, in an interesting way, Audou-
in’s law of the development of one segment or part of a
segment at the expense of adjoining parts or segments ; this
law, so universal in the Arthropods, as well as throughout
the animal kingdom, also applies to the appendages.

‘The same parts are to be found in the crab, but in a modi-
fied form, owing to the development or transfer of the weight
of the organization headwards; in other words, the crab is
more cephalized than the lobster ; this is seen in the small
abdomen folded under the large, broad cephalo-thorax, and
in the greater concentration headwards of the nervous sys-
tem of the crab.

To study the internal structure of the lobster, the dorsal
surface of the carapace and of each abdominal segment
should be removed ; in so doing the Aypodermis or soft inner

layer of the integument is disclosed ; it is usually filled with
red pigment cells. The dorsal vessel, or heart, lies under
the hypodermis of the carapace, this being an irregular
hexagonal mass surrounded by a thin membrane (pericar-
dium) with four valvalar openings for the ingress of the
venous blood. The colorless, corpusculated blood is pumped
by the heart backwards and forwards through three anterior
arteries, one median and two lateral, the median artery pass-
ing towards the head over the large stomach, and the two
lateral, or hepatic arteries, passing to the liver and stom-
ach. From the posterior angle of the heart arise two
arteries ; the upper, a large median artery (the superior ab-
dominal). passes along the back to the end of the abdomen,
gending off at intervals pairs of small arteries to the large
masses of muscles filling the abdominal cavity ; the lower is
the second or sternal artery, which connects with one extend-
ing along the floor of the body near the thoracic ganglia
of the nervous cord. The arteries become, at least in the
liver, finely subdivided, forming a mass of capillaries. There
are no veins such as are present in the Vertebrates, but a series
of venous channels or sinuses, through which the blood re-
tarns to the heart. There is a large vein in the middle of the
ventral side of the body.
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The blood is driven by the heart throngh the arteries, and
a large part of it, forced into the capillaries, is collected by
the ventral venous sinus, and thence passing through the
gills, where it is oxygenated, returns to the heart.

The gills are appendages of the three pairs of maxilli-
pedes and the five pairs of feet, and are contained in a
chamber formed by the carapace ; the sea-water passing into
the cavity between the body and the free edge of the cara-
pace is afterwards scooped out through a large opening or
passage on each side of the head, by 8 membranous append-
age of the leg, called the ¢ gill-bailer ” (Scaphognathite).

The digestive system consists of a mouth, opening between
the mandibles, an esophagus, a large, membranous stomach,
with very large tecth for crushing the food within the large
or cardiac portion, while the posterior or pyloric end forms
a strainer through which the food presses into the long,
straight intestine, which ends in the telson. The liver is
very large, dark green, with two ducts emptying on each side
into the junction of the stomach with the intestine.

The nervous system consists of & brain situated directly
under the base of the rostrum (supracesophageal ganglion),
from which a pair of optic nerves go to the two eyes, and a
pair to each of the four antenn®. The mouth-parts are
supplied with nerves from the inframsophageal ganglion,
which, with the rest of the nervous system, lies in a lower
plane than the brain. There are behind these two ganglia
eleven others ; the cephalo-thoracic portion of the cord is
protected above by a framework of solid processes, which
forms, as it were, a ‘“false-bottom” to the cephalo-thorax ;
this has to be carefully removed before the nervous cord can
be luid bare. A sympathetic nerve passes around ecach side
of the wsophagus and distributes branches to the stomach.

The nerves of special sense are the optic and auditory
nerves. The eyes are compound, namely, composed of many
simple eyes, each consisting of a cornea and crystalline
cone, connected behind with a long, slender connectsve rod,
uniting the cone with a spindle-shaped body resting on or
against an expansion of a fibre of the optic nerve, and is
ensheathed by a retina or black pigment mass (Fig. 226 s\
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Though as many images may be formed in each eye as there
are distinct crystalline cones, yet, as in man with his two
eyes, the effect upon the lobster’s mind is probably that of
a single image.

The lobster’s ears are seated in the base of the smaller or
first antenns ; they may be detected by a clear, oval space
on the upper side ; on laying this open, a large capsule will
be discovered ; inside of this capsule is a projecting ridge
covered with fine hairs, each of which contains a minute
branch of the auditory nerves. The sac is filled with water,
in which are suspended grains of sand which find their way
into the capsule. A wave of sound disturbs the grains of
sand, the vibrations affect the sensitive hairs, and thus the
impression of a sound is telegraphed along the main audi-
tory nerve to the brain.

Organs of touch are the fine haxrs fringing the mouth-
parts and legs. The seat of the sense of smell in the Crus-
tacea is not yet known, but it munst be well developed, as
nearly all Crnstacea are scavengers, living on decaying mat-
ter. Crabs also have the power of finding their way back to
their original habitat when carried off even for several miles.

The two large so-called ‘“green glands” situated on each
side within the head-thorax, and having an outlet at the
base of each of the larger antenns, are probably renal in
their functions, corresponding to the kidneys of the verte-
brate animals.

The ovaries and correspondmg male glands, are volumi-
nous organs, the testes being white, and the ovaries, when the
lobster is about to spawn, being highly colored, usually pale
green, and the ovarian eggs are quite distinct. The lobster
spawns from March till November ; the young are hatched
with much of the form of the adult, not passing through a
metamorphosis, as in most shrimps and crabs. They swim
near the surface until about one inch long, when they re-
main at or near the bottom.

The lobster probably moults but once annually, during the
warmer part of the year, after having nearly attained its
maturity, and when about to moult, or cast its tegument, the
carapace splits from its hind edge as far as the base of the
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rostrum or beak, where it is too solid to separate. The lobster
then draws its body out of the rent in the anterior part of
the carapace. 'The claw—at this time soft, fleshy, and very
watery—is drawn out through the basal joint, without any
split in the old crust. In moulting, the stomach, with the
solid teeth in the cardiac portion, is cast off with the old in-
tegument ; why the stomach can thus be rejected is explained
by the fact that the mouth, esophagus, and stomach are con-
tinuous in early embryonic life with the epithelium forming
the outer germ-layer, the mouth and anterior part of the
alimentary canal being the result of an invagination of the
ectoderm. The old skin is originally loosened and pushed
away from the hypodermis, or under-layer, by the growth of
temporary stiff hairs, which disappear after the skin is cast ;
the hairs, however, at least in the craw-fish, do not occur on
the line of the facetted cornea, on the eye-stalk, or on the
inner lamellee of the fold of the carapace over the gill-
opening.

" The studentis now prepared to understand the descrip-
tions of the types of the different orders. The Crustacea
may be divided into two series of orders, or two subclasses,
1. e., the normal Crustacea, in large part composed of spe-
cies now living, though containing numerous palmozoic forms,
for which we would propose the term Neocarida; and the
more generalized type of Crustacea, which abounded almost
to the exclusion of other Crustacea, except the bivalved mi-
nute forms, in the Pal®ozoic age of the world, and which
may be called the Pal@ocarida. They are represented by
the fossil Trilobites and EPurypterida, and the only surviving
member, the King-Crab (Limulus).

We will now study the orders of Neocarida, treating of
them as heretofore in the ascending order.

Order 1. Cirripedia.—The barnacles would, at a first
glance, hardly be regarded as Crustacea at all, so much
modified is the form, owing probably to their fixed, para-
sitic mode of life. Indced they were formerly placed among
the Mollusca, until, in 1836, Thompson found that the
young barnacle was like the larva of other low Crustacea
(Copepoda). The barnacle is, as in the common sessile form
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- (Fig. 227), a shell-like animal, the shell composed of several
pieoes, with a multivalve, conical movable lid, having an
opening through which several pairs of long, many-joint-
ed, hairy appendages are thrust, _
thus creating a current which sets
in towards the mouth. The com-
mon barnacle (Balanus balanoi-
des Stimpson) abounds on every
rocky shore from extreme high-
water mark to deep water, and

the student can, by putting a -— &

group of them in sea-water, ob- ~— N3 | :

eerve the opening and shutting =

of the valves and the movements . 227.—A barnacle. Balanss
. pomatm. Natural size,

of the appendages or “cirri.’

The structure of the barnacle may best be observed in
dissecting a goose barnacle (Lepas fascicularis Ellis and
Solander, Fig. 228). This barnacle consists of a body (capit-
ulum) and leathery peduncle. There are six pairs of jointed
feet, representing the feet of the Cyclops (Fig. 236). The
mouth, with the apper lip mandibles (B, 1), and two pairs
of marxille, will be found in the middle of the shell. A
short cesophagus (according to J. 8. Kingsley, whose ac-
count we are using) leads to a pouch-like stomach and tubular
intestine. This form, like most barnacles, is hermaphroditic,
the ovary (4, o)lying at the bottom of the shell, or in the
pedunculated forms in the base of the peduncle, while the
male gland (¢) is either close to or some distance from the
ovary. There is also at the hase of the shell, or in the pe-
duncle when developed, a cement-gland, the secretion of
which is for the purpose of attaching the barnacle to some
rock or weed.

While the sexes are generally united in the same indi-
vidual, in the genera Ible (Fig. 229) and Scalpellum (Figs.
230, 231), besides the normal hermaphroditic form, there
are females, and also males called ‘“ complementary males,”
which are attached parasitically both to the females and
the hermaphroditic forms, living just within the valves or
fastened to the membranes of the body. These comple-
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mental males are degraded, imperfect forms, with sometimes
no mouth or digestive canal. The apparent design in nature
of their different sexunal forms is to effect cross fertilization.
'The eggs pass from the ovaries into the body-cavity, where

€
I offA\
§ \

|

f

i

Fig. 28.—Anatomy of Lepas fascicularis. A. ¢, #ix pairs of legs or cirri ; 7, fila.
mentary appenduages ; m, mouth; s, stomach ; A, openings of the liver (/) into the
stomach, which is regrcm-m«l as lzid open; {, intcetine ; @, vent ; ¢, testis ; v, vasa
deferentia, one cut off' ; », male appendage ; o, ovary ; ¢, adductor muscle connecti;
thg; two basal valves; vs, scutal valve ; ve, carinal valve ; v¢, tergal valve. Enhrgzs
twice.

B. 1, palpus ; 2, mandibles ; 8 and 4, firet and second maxille.

C. Nervous system. &, brain, sending the optic nerves to the rndimentary eye (¢),
each optic nerve having an enlargement near the cye, i. ¢., the ophthalmic ganglion (0);
between o and a are the nerves which go to the peduncle ; a, nerve sent to the
ductor seulorum ; c, commissure between the supra- and lnﬁ-lmaop nglia (n) ;
¢, ¢, ¢, ¢, C, ¢. nerves to each of the six feet. Enlarged four times.—. mgllpley.

they are fertilized, and remain for some time. They pass
through a morula condition, a suppressed gastrula or two-

_Jayered state, and hatch in a form called a Nauplius, from
fact that the free-swimming larva of the Entomostraca

Digitized by GOOSIC
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was at first thought to be an adult Crustacean, and described
under the name of Nauplius. The Nauplius
of the genuine barnacles (Fig. 232) has three
pairs of legs ending in long bristles, with a
single eye, and a pair of antenn®, the body
ending in front in two horns, and posteriorly
in a long caudal spine. After swimming
about for a while, the Nauplius attaches it-

self to some object by its antenne, and now o gy s py
strange transformation results. The body is Complemen ary

enclosed by two sets of valves, appearing as if After Darw
bivalved, like a Cypris (Fig. 233) ; the peduncle grows out,

Fig. 231. — Comple-
m?‘nury l;‘nle of -

um regium, great
’:ﬂu -An.eg Wy’-
ville-Thompson,

Z

: m.—.qeazram um. a, complementary
ml,l?: lodged within th':y!'nlves.—Ahe'} Wyville-
‘Thompeon.
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concealing the rudimentary antenns, and the fect grow
smaller, and eventually the barnacle-shape is attained. The

Fig. €33.— Pupa of Lepas, much ea-
lurggd.—Alter o,

!'15.Q 282 —Nauplius of Balanws bal-
anoides, much en

common barnacle (Balanus balanoides) attains its full size,
after becoming fixed, in one season, 1. e., between the first of
April and November.

Still lower than the genu-
ine barnacles are the root-bar-
nacles or Rhizocephala, repre-
sented by Peltogaster (Fig.
234) and Sacculina (Fig. 235),
in which the young is a4 more
simple Nauplius form, like
the young of the Entomostra-
ca, while the adult is a sim-
ple sac, containing no diges-
tive organs or nerves. From
the feet of the young grow
out, after the animal becomes
sessile, long root - like fila-
ments, which mmify in the
body of the crab, to which
these animals are firmly an-

chored. We can conceive of lami1simee. soan e e e
no lower, more degraded Crus- Pliusof Purthenopes, ralarped ahout 39
tacean than these root-biarna-

cles, the only signs of life heing the powerful contractions

of the roots and an alternate expansion and contraction of
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the body, forcing the water into the brood-cavity, and again
expelling it through a wide orifice. These root-barnacles
recall the Trematode worms, though the
latter are much more highly organized.
An allied form (Cryptophialus minutus)
undergoes the larval or Nauplius stage
in the egg, hatching in the pupa condi-
. 35— Sacculina car tion, while another form (a species of
ot B openiag for o Peltogaster ) also leaves the egg in the
of —%m Brehm's pnlm form
! Order 2. Entomostraca (Water-fleas).
—The type of this group is Cyclops (Fig. 236, C. quad-
ricornis, see also Fig. 237) in which the body i8 pear-
shaped, with a single bright eye in
the middle of the head ; two pairs
of antenns, used for swimming as
well as sense-organs ; biting mouth-
parts, and with short legs. The
sexes are distinct, the females swim-
ming abont with two egg-masses
attached to the base of the ab-
domen. The young is a Nauplius,
much like that represented in Fig.
234, the mouth-organs, the legs
and abdominal segments arising
guecessive moults, until the
6 form is attained. Allied to
Cyelops is Canthocamptus caver-
narum Packard (Fig. 238), an eyed
gpecies, living in Willie’s Spring, in
Mammoth Cave.

Many Entomostraca are parasitic,
and consequently undergo a retro-
grade development, losing the
jointed structure of the body, the
appendages being more or less 286.—Cyclops: &, eye: A,
aborted, while the body increases Cel:ﬁ i
greatly in size. Such are the fish-lice, represented by the
Lernea of the cod.
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In Lerneonema radiata Steenstrup and Latken (Fig. 239),
we find the lowest term in the series of degradational forms
of this order. The
mouth-parts are here
converted into five
roots, radiasting from
the head ; the body
i8 not segmented, and
ends in two long egg-

Fig. 237.—Intestine and testis (/) of & copepod masses.
(Pleuroma), eide view. e, esophagus ; v, stomach ; In Penella (Fig.

?sbﬁ??ddgé.'ﬁ b{'ﬂ."c'é’u&f’ Vas deterous.—Afir Claas,  241) the body is cord-

o epenhnn like, buried in the
flesh of the sun-fish or sword-fish, etc., the females having
two long, string-like
egg-sacs. The speci-
men figured was taken
from a sword-fish off
Portland, Maine.

In Lernea branchia-
Uis Linn. of the gills of
the cod, the body is
thicker, the root-like
appendages grow deep
into the flesh of its
host, like twisted and
gnarled roots, while the . \
shapeless sac-like body
is filled with eggs.

In Actheres, we as-
cend a step higher in
the perfection of or-
gans; the creature is
attached by a pair of
jaws which unite to moriin of Mammoin Caver aueh Fies Howse, of
form a sucker, the an- 2% s Rl iy
tenns are present, though randimentary, while
the abdomen is faintly segmented. A. Carpenteri Packard
(Fig. 240) lives on the trout in Colorado,
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The highest members of the gronp of sucking Entomo-
straca are Caligus and Argulus, in which the body is seg-
-mented, with antenns and free
mouth-parts and legs; the latter
genus with compound eyes. Cali-
gus curtus Maller lives on the cod,
and Argulus alose Gould on the
alewife.

Order 3. Branchiopoda. — This
order includes such Crustacea as
in the higher forms breathe by
rather broad feet. There is a con-
siderable range of
form from the
Ostracoda, repre-
sented by Cypris,
in which the feet . 94 _actheres of the trout.
are much as in Cy-
clops, through Daphnia and Sida (Fig. 242)
which represent the Cladocera, up to the
Phyllopods. The suborder of Ostracoda
(Cypris) are bivalved, the shell often thick.
They have two eyes, two pairs of antenne,
a pair of mandibles with a jointed feeler
(palpus) and a gill, and four pairs of feet,
the second pair often carrying a small gill.
The shells of certain species allied to Cypris
abound in the lowest Silurian strata. The
species live in fresh-water pools and in the
ocean at various depths. They undergo no
metamorphosis, the youngest stage being a
shelled Nauplius.

The suborder Cladocera is represented by
fresh and salt-water species. The higher
forms are Sida and Daphnia. They are
called water-fleas from their jerky motions.
The eggs of Daphnia are borne about by

Tig M1.—Penella of the females in so-called brood-cavities on
the sword-fsh, female. t},o hack under the shell. There are two
sorts of cggs, 1. e., the “‘summer” eggs, which are laid by
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asexual females, the males not appearing until the antumn,
when the females lay the fertilized ¢ winter” eggs, which are
surrounded by a very tough shell. Dohrn observed the de-
velopment of the embryo in the summer eggs. At first the
embryo has but three pairs of appendages, representing the
antenna and one pair of jaws. It is thus comparable with
the Nauplius of the Copepodous Enfomostraca, snd thus the

Fig. 242.—8ida. ¢, egg in brood-sac.

Cladocera may be said to paes through a Nauplius stage in
the egg.

Afterwards more limbs grow out, until finally the embryo
is provided with the full number of adult limbs, and hatches
in the form of the mature animal, undergoing no farther
change of form.

The members of the suborder Phyllopoda are more highly
developed than any of the Crustacea mentioned, though, like
the Ostracodes and Cladocera, the body is usually partly
covered by a large carapace (the mandibular segment greatly
developed), which is sometimes bent down, and opens and
shuts by un adductur muscle, so that they resemble bivalve
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Mollusca But they are especially characterized by the
broad leaf-like feet, subdivided into lobes, and adapted for
breathing as well as
for swimming The
thorax merges insens-
ibly into the abdomen.
The number of body-
segments varies great-
ly, there being six-
teen in Limnetis, the
smplest form, and
sxty-nine in Apus,
or three times the
umber present in the
, the segments i 263 Lunnetis Gouldi, much enlarged.—After
thus being irrelatively BUmee
Tepeated, a sign of inferiority. There is a pair of simple
eyes consolidated into onc as in Limnetis and Limnadia, or
as in Apus, there is a
pair of compound eyes,
situated in the cara-
pace, apparently on
one of the antennal
segments. In Bran-
chipus and Ariemia
the compound eyes
are stalked, an antic-
ipation of the stalked
eye of the lobster,
etc., but the eye, it
thould be noticed, is not developed from a separate
tgment, but from one of the two antennal segments. All
the members of this order hatch in the Nauplius form, the
three pairs of appendages of the larva, representing the two
Peirs of antennz and the mandibles of the adult. The spe-
ties live in pools of fresh water liable to dry up in summer ;
they lay eggs which drop to the bottom, and show great vi-
tlity, withstanding the heat and dryness after the water
bss evaporated ; the young hatching after the rains refill the
pools or ditches.

Fig. 4. —Limnadia Agaseizii, enlarged.
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This suborder presents a beautiful series of increasingly
complex forms, as we ascend from Limnetis to Branchipus.
In Limnetis the bivalve shell encloses the ani-

mal, and is the size of a small flattened pea.

There are from ten to. twelve feet- bearing

segments. L. Goullii Baird (Fig. 243) is very

rare in Canada and New England. The shell

of Limnadia is thin, oval, and there are. from

¢ cighteen to twenty-six fect-bearing segments.
L. (Eulimnadia) Agassizii Packard (Figs. 244
b and 245) inhabits pools in Southern New En-

gland. The shell of Estheria (Fig. 246, Es-
Fig. 35— Fore. U716 Belfragei Packard) is sometimes mis-
leg of malo #uiim- taken for that of the fresh- water mollusks
wd a7 nd: b, Cyclas and Pisidium. The males of the fore-
eudofbody. — going genera have the first pair of feet modi-
fied to form large claspers (Fig. 245).

In Apus the abdomen projects beyond the large carapace,
and ends in two long many-jointed appendages. There are
about sixty pairs of feet, each foot
divided into several leaf-like lobes,
wherein respiration is carried on.

These Phyllopods usually swim upon
their backs, as in the species of Bran-
chipus. The females chiefly differ
from the males in the presence of B0 L gun—Shell of Extherd
orbicular egg-sac on the eleventh pair Beifragei, enlargod three
of feet, the sac being a modification of *
two of the lobes of the feet, and containing but a few eggs.
Apus @qualis Packard (Fig. 247, Fig. 249 A, represents the
larva of a European Apus) inbabits pools in the western

plains.  Zepidurus differs from Apus in having the telson
spoon-shaped instead of square. L. Couesit Packard (Fig.
248) occurs on the Rocky Mountain plateau in Utah and
Montana. It is an interesting fact in zoo-geography that
there are no species of Apus and Lepidurus east of the west-
ern plains. Apus has been found by Sicbold to reproduce
farthenogenetically.
The various species of Branchipus end Artemia have no

Hl
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carapace, the mandibular segment being small and not over-
lapping the segments behind it. The second antenn® are,

Fig. U8 — Lepidurna Couesii,
!}de and doreal view, natural
size

¥ig. 247 . — Apus @qualis, natural gize,

large and in the male adapted for
clasping. In Thamnocephalus (Fig.
250, T. brachyurus Packard, from
Kansas) there is a singular shrub-
like projection of the front of the
head, and the abdomen is spatulato
or spoon-shaped at the end. Bran-
chinectes Coloradensis Pack. (Fig.
251) is a Rocky Mountain form. mFlg 249.— bhlnrvaor Apus can-

The brine - shrimp, Artemia, lives Raupiius of Arl‘:r:uia:aunzhorxg'

only in brine-vats or in the salt "™

lakes of the West and of Southern Europe. Arfemia gra--
cilis Verrill (Fig. 252) has thus far only been found in tubs
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of concentrated salt water on railroad bridges in New En-
gland. Artemia fertilis Verrill abounds in Great Salt Lake.

NN
S

. 30— TAamnocephalus platyurus, male, natural size, side and front view.
hengo( the female ; 0, end 01“ the body of the female, vhowing the ovisac. &

They may often be seen swimming about in pairs, as in
Fig. 253. This species has a Nauplius young like that of

Fig. 351.—Branchinectes Coloradensis Pack.

the brine-shrimp of Europe (Fig. 249 3): It is a signifi-
cant fact, bearing on the question of the origin of species,
that, according to Schmankiewitsch, Arfemia may change its
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form, the change being induced by the greater or less saltness
of the water. Artemia produces young by budding (parthe-
nogenesm) as well as from eggs. ¢ ]
A species observed near Odessa
produced females alone in warm
weather; and only in water of '.’
medium strength were males
produced. The eggs of Arte-
mia fertilis have been sent in -
moist mnd from Utah to Mu-
nich, Germany, and specimens
raised from the eggs by Siebold,
proving the great vitality of the
eggs of these Phyllopods, a fact

paralleled by the similar vitality -
of the eggs of the king-crab.
Fig. 249 b represents the Nau- ,

plins of the European brine-
shrimp.

Order 4. — Tetradecapoda.—
To this order belong the sow-
bugse (Isopoda) and the beach-
fleas (dmphipoda). In theso T T bipe ey, drone
Crustacea there is no cephalo baeJams o o mm:
thorax, but the head is small, Ziirer Verri T
bearing two pairs of antenne, a.nd a pair of jaws, and three
pairs of maxille. The thorax is continuous with the abdo-
men. Respiration is performed by lamellate or leaf-like
gills on the middle feet in the Amphipods, or on the hinder
abdominal feet in
the Isopods. The
" lowest Isopods are
parasitic, they
e G s iy e lrm Grmas, (Bl Lake. o gmduate into the

Amphipods, and
the higher Amphipods are connected with the shrimps (De-
capoda) through a group (probably a suborder) of synthetic
forms (Palmocaris, Acanthotelson and Gampsonyz, Fig.
254) such as are found in the coal formation of Illinois

e s
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and Europe, which may be called Anthracarida, and
which have antenns and tails like shrimps, but the body

| i
. ﬂf;ig. 254.— Gampeonyz fimbdriatus of European coal measures, 33§ times natural

and limbs like Amphipods. In the Isopods the body is fiat-
tened and the head rather broad.

Fig. 256 is a dorsal view of Serolis Gau-
dichaudi Audouin and Edwards, with the
two pairs of antenne and pointed sides of
each thoracic segment, dissected to show the
nervous system, the two pairs of antennal
nerves ; the optic nerves (op) sent to the
compound eyes. Fig. 257 represents a trans-
verse section of the body, showing the mode
of insertion of the legs, and the equality in
the tergal and sternal sides of the body.
Fig. 259 represents a gill. In the common
pill-bug (Porcellio) aérial respiration is per-
formed by respiratory cavities situated in
the abdomen. In Tylos similar cavitics are
filled with a multitude of branching ceecs,
serving for aiénal respiration, thus antici-
pating the tracheary system of insects
The nervous system is quite simple. (Fig.
255, Idotea, and Fig. 256, that of Serolis.)
The digestive canai is straight, consisting

Fiz. 255 —Nervous Of a short esophagus, a membranous stom-
%?«'5‘:."{),{‘%"%,‘3: ach, and usnally a short tubular intestine;
8. Kingeley. the liver consisting of several short ceeca.
In Serolis Gaudichaudi the stomach is somewhat pear-
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shaped, widest behind, extending a little behind the middle
of the body. The intestine is about one half as wide as th
stomach. :

—
N
@%/{0\“

Na(#

238 —Dirsection of Serolis to show the nervous system.—Dissected and drawn
by J.8. Kingsley. -

There is no ccecal enlargement, and no *“urinary” tubes.
The sexes are distinct. The young are hatched in the form
of the adult, there being no metamorphosis.

The development of the pill-bug, Oniscus murarius, is
probably typical of that of most Tetradecapods and Deca-

'b;?e? é;wmnm. at :l.;:eﬂr?o: f)! the legsll—g’rt:;ag‘rﬁl :'n'ci '&:n':v‘;nn:; ;Jf'g: m:
pods (Bobretzky). The first change after fertilization is the

origin of the formative or primitive blastodermic cells at one
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pole of the egg. This single cell subdivides, its products

forming the ‘‘blastodermic disk ” or outer germ-layer, the

secgmentation of the yolk being partial. The

third (innermost) and middle germ-layers next

arise (the same processes go on in certain

shrimps, viz. : Crangon and Palemon). The

intestine is formed by an in-pushing of the

- outer germ-layer. The limbs now bud out, the

result of the pushing out of the outer germ-

layer (ectoderm). The nervous cord arises from

the ectoderm ; the large intestine originates in
w the yolk-sac, its epithelium first

appearing in the liver-sac. The

heart is the last to be formed. Ex-

ternally the antenng in Oniscus

Fig 30a— and also Asellus are the first to bud

Month-parts of oyt ; the remaining appendages of

. M, MAan-

dlble ‘mz, first i -
e ety the head and thorax arise contem

::;onc:n ":;f,',‘::’; poranef)usly, and subsequently tl}e H
g;%u;’ ~Drawn abdominal feet. The abdomen in g}

" the Isopods is curved upwards and
bmckwards, while in the embryo Amphipods it is bent be-
neath the body.

The development of the Amphipods or beach-fleas is
nearly identical with that of the Isopods. The eggs of cer-
tain species undergo total segmentation, while those of other
epecies of the same genus (Gammarus) partially segment, as
in the spiders, and in a less degree the insects.

Standing next below Cymothoa, which is of the genenl
Isopod shape, but which lives parasitically on the tongue
and other parts of fishes, but which from their parusitic
habits become slightly changed in form, the females espe-
cially, sometimes becoming blind, is the family of which
Bopyrus is a representative. The females (Fig. 262) are par-
asitic under the carapace of various shrimps. In B. palemon-
eticole Packard, the females are many times larger than
the males ; the ventral side of the body is partly aborted,
having been absorbed by its pressure against the carapsce
of its host, which is swollen over it ; it retains its position by
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Fro. 202,
980.—Kection of the embryo pill.bu, d, intestine: t{ epithelium form.

Mg
ing the walls of the two lobes of the liver ; g, transverse section of the nervous cord ;

all
A walle of the hody.—After Bobretzky.
Fig. 381 —8ection of more advanced embryo pill-bug. A, heart: h{;. hypoder-
or body-walls ; m, muscular wall of the intestine: e, epvlthelial ining of the
; p. dividing cell-wall betwcen the heart and intestine ; /, two lobes of the
: 9. ganglion. the clear space being filled with the fine granular substance of the

uﬂ-.-—Aﬂa Bobretzky. .
.‘—Domu. A, ventral, B, dorsal side of the female: C, lateral and D,
dorsal view dml dz-lo; el head and first thoracic segment ; ¢3, antenng--all en-

Fre
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the sharp hook-like legs around the margin of the body. The
head has no eyes nor appendagee The male (Fig. 262, C, D)
is but slightly modified, is very minute, and is lodged partly
out of sight under the ventral plates of the female, whose
body is about five millimetres (a fifth of an inch) in length.

Fig. 263.—Arcturus Bqﬂu(,mth its young clingingto its antennwe — ’mcr Wyville
Thompson.

Various specics of Porcellio (sow-bugs) live under stones
on land ; and allied to Asellus, the water sow-bug, is the
marine Limnoria lignorum White, which is very injuriouns
to the piles of bridges, wharves, and any submerged wood.
The highest Isopods are Idot®a, of which 1. irroratus Say
(Fig. 255) is our most abundant species, being common in
cel-grass, ete., hetween and just below tide-marks ; and Are-
turns (Fig. 263, A. Baffini Sabine), from the Arctic seas.
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The series of Amphipods begins with Cyamus ceti (Linn.),
the whale-louse, passes into Caprella, with its linear body
and spider-like legs, to Hyperia, which lives as a mess-mate
of the jelly-fish, Cyanea, and culminates in the water-flea
(Gammarus ornatus Edwards) and sand-flea ( Orchestia agilis
Smith), abundant and leaping in all directions from under
dried sea-weed at high-water mark.

Fig. 264 represents Gammarus robustus Smith, a fresh-
sater form common in the western territories.

Fig. 24.— Gammarus robustus Smith. Utah. Enlarged.—After Smith.

Order 5. Phyllocarida.—This name is proposed for a
group of Crustacea, the forernnner of the Decapoda a'nd
hitherto regarded as simply a family (Nebaliade), in which
there is an interesting combination of Copepod, Phyllopod,
and Decapod characters, with others quite peculiar to them-
elves. The type is an instance of a generalized one,.and i3
very ancient, having been ushered in during th.e earliest Si-
lurian period, when there were (for Crustacea) gigantic fox?ns
(Dithyrocaris was over one foot in length) compared with
those living at the present day. The order connects the
Decapods with the Phyllopods and lower orders. The mod-
em Nebalia is small, about a centimetre (.40-.50 mch). in
length, with the body compressed, four of the abdominal
segments projecting beyond the carapace, the last abdominal
segment bearing two large spines. Thereisa la.rge rostrnm
overhanging the head 3 stalked eyes, and two pairs of anten-
#®, the second pair mnearly as long a8 the body and many-
jointed. The mandibles are succceded by two pairs of max-
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ille. Behind these mouth-parts are eight pairs of short, leaf-
like respiratory feet, which do not project beyond the edge of
the carapace. These are succeeded by four pairs of large,
long swimming feet, and there are two additional pairs of
small abdominal feet. There is no metamorphosis, develop-
ment being direct, the young hatching in the form of the
adult. Of the fossil forms, Hymenocaris was regarded by
Salter as the more generalized type. The genera Peliocaris
and Discinocaris characterize the Lower Silurian period ;
Ceratiocaris the upper ; Dictyocaris the Upper Silurian and
Lowest Devonian strata ; Dithyrocaris and Argus the Car-
boniferous period. Our northeastern and arctic species is
Nebalia bipes (Fabricius), which occurs from Maine to Green-
land.

Order 6. Stomapoda. In the small group represented by
Squilla the gills are attached to the base of the hinder ab-
dominal feet. Squilla lives in holes below low-water mark.

Order 1. Decapoda (Shrimps, Lobsters, Crabs).—A gen-
eral knowedge of the Crustacea representing this, the high-
est order of the class, may be obtained by a study of
the craw-fish and lobster. All Decapods have twenty seg-
ments in the body, a carapace covering the thorax and con-
cealing the gills, which are highly specialized and attached
to the maxillipedes and to the legs ; usually a pair of stalked
eyes, two unequal pairs of antenne, the hinder pair the
larger and longer ; a pair of mandibles, often provided with
a palpus, two pairs of lobed maxille, three pairs of maxilli-
pedes, while the name of the order is derived from the fact
that there are five pairs of well-marked legs, or ten in all
To the abdomen are appended six pairs of swimming feet.
called “swimmerets.” Another distinctive characteristic of
most, in fact all the higher Decapods, is the short, or five
or six-sided heart.

The early phases of embryological development in the De-
capods are much as in the Tetradecapods. Most Decapods
leave the egg in a larval state called the Zoés. In the
shrimps, Lucifer and Peneus, the young is a Nauplius, like
a voung Entomostracan, having but three pairs of feet, and
asingle eye. The Zoéa has no thoracic feet, and usually at first
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no sbdominal feet ; the compound eyes are large and usually
sessile, and the carapace is often armed with a long dorsal
and frontal spine. Fig. 265 represents the Zo&a, or larva of
the common shore crab (Cancer irroratus 8ay). After sev-

¥ig. 965.—Zo8a of the common Crab. Cancer. Much enlarged.—After Smith.

eral moults, the thoracic legs appear, the mouth - parts
change from swimming -legs to appendages fitted for pre-
paring the food to be swallowed and digested. This stage
in the short-tailed Decapods or crabs, is called the Mega-
lops stage (Fig. 266); certain immature crabs having been
mistaken for and described as mature Crustacea, under the
name Megalops. After swimming about the surface in the
Zo2a and Megalops conditions, the body becomes more bulky,
more concentrated headwards, and the crab descends to the
bottom and hides under stones, etc.

The development of the individual crab is, in a general
sense, an epitome of the development of the order. In the
lowest Decapods, as in Cuma and Mysis, the form is some-
what like an advanced Zoda, while the remarkable concentra-
tion of the parts headwards, seen in the crabs, is a great
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step upwards. . Dana’s law of cephalization, or tranefer of
parts headwards, is more strikingly manifested in the Crus-
tacea than in any other animals.

Nearly all Decapods undergo this decided metamorphosis ;
in only a few forms, such as the craw-fish, lobster, and a few
shrimps and crabs, do the youngleave the egg in the general
form of the adult, the
Zoéa stage being rap-
idly assumed and dis-
carded during em-
bryonic life. Most
Crustacea bear their
" egges about with
them ; n only a few
cuses, as the Squilla
and the land-crab of
the West Indies, are
the eggs left by the
parent in holes or on
the sea-shore.

The Decapoda are
divided into the
Schizopoda, repre-
sented by Mysis;
the Cumacea, repre-
sented by Cuma ; the
long-tailed Decapods,
such as the shrimps
and lobster, called
Macrura, and the genuine short-tailed Decapoda, or Bra-
chyura. Most of the species of the crabs are confined to
tropical scas and live in shallow water.

The Decapods appeared in the Coal Period, and were rep-
resented by somewhat generalized forms, such as Anthra-
palemon (Fig. 267) from the coal measures of Illinois
Recently a genuine crab (Brackypyge carbonis) has been
described by Woodward from the carboniferous formation
of Belgium.

~ Crustacea, cspecially shrimps and crabs, are scnsitive to

Fig. 266.—Megalops of the Crab.—After Smith.
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shocks and sounds. When alarmed, lobsters are said to
cast off their large claws, but the latter are again re-
newed. It is more probable, however, that the claws are
torn off during their contests with each other. Hensen
found that crabs and shrimps liv-
ing in water do not notice sounds
made in the air. The hairs about
the mouth are the organs of tac- ;
tile sense, and have been made by NS

P
=
Hensen to vibrate to certain sounds. =
N =—=
T

Tiovm
2220%

The eyes may be greatly devel-
oped in shrimps living at great
depths ; thus Thalascaris, ashrimp
living near the bottom of the At- 1=
lantic Ocean, is remarkable for the
large size of its eyes. In the spe-

cies of Alpheus, which live in holes

in sponges, etc., the eyes are small. -

The eyes of the blind Willemesia, fﬁgw&&ﬂ e Atier ook
dredged at great depths by the

““ Challenger” Expedition, are rudimentary, though in the
young the eyes arc better developed. This is the case with
the young of the blind craw-fish Cambarus pellucidus (Tell-
kampf, Fig, 268) of Mammoth and other caves. The fact
that the.eyes in the young are larger than in the adult indi-
cates that this species has descended from other forms living
in neighboring streams, and well endowed with the sense
of sight. The eye (Fig. 269) of the blind craw-fish differs
from that of the normal species in its smaller size, conical
form, the absence of a cornea (indicated by the dotted lines
in A), the pigment cells being white instead of black, and
by differences in the form of the brain, that of the blind
species being fuller on the sides. Crabs breathe by gills,
but the palm crab breathes by lungs.

Subclass 2. Pal@ocarida.—This subclass is proposed for
the king-crab (Limulus), the only survivor of a large num-
ber of fossil Crustacea, which dominated the Silurian seas
and heecame mostly extinct in the Carboniferous period..
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It comprises the order of Merostomata represented at the
present day by the king-crab, and the order 7'rilodita, which
is wholly extinct. The organization of the king-crab is so

O

u“l.lg. 968.—Cambarus pellucidus, the blind craw-fish of Mammoth Cave. Nataral

wholly unlike that of other Crustacea, when we consider
the want of antenns, the fact that the nervous system is
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peculiar in form and also ensheathed by arteries, and the
peculiar nature of the gills of the abdominal feet, as well as
the highly developed system of blood-vessels ; that we are
obliged to place them in a subclass equivalent to all the other

AN

Fig. 269.— A, Brain and eye of & normal Cambarus from Iows.

B, The same of the blind craw-fish from Mammoth Cave.

€, Cornea.—Packard, del.
Crustacea. Tt is possible that future research may prove that
the Pal@ocarida should form a distinct class of Arthropods,
equivalent on the one hand to the Crustacea and on the
other to the Insecta, but from the fact that they breathe like
other Crustacea by external gills, we prefer to retain them
a8 a subdivision of the class of Crustaces.

Order 1. Merostomata.—The only living representative of
this order is the king-crab, belonging to the genus Limulus,
represented in American waters by Limulus Polyphemus
Linn., which ranges from Casco Bay, Maine, to Florida
and the West Indies.

The body of the king-crab is very large, sometimes nearly
two feet in length ; it consists of a cephalo-thorax composed
of six segments and an abdomen with nine segments, the
ninth (telson) forming a long spine. The cephalo-thorax is
broader than long, in shape somewhat like that of Apus,
with a broad flat triangular fold on the under side. Above
are two large lunate compound eyes, near the middle of the
head, but quite remote from each other, and two small com-
pound eyes sitnated close together near the front edge of the
head. There are no antenn®, and the six pairs of append-
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ages are of uniform shape like legs, not like mandibles or
maxille, and are adapted for walking; the feet are pro-
vided with sharp teeth on the basal joint for retaining the
food. The mouth is situated between the second pair; the
first pair of legs are smaller than the others. All end in
two simple claws, except the sixth pair, which are armed
with several spatulate appendages serving to prop the crea-
ture as it burrows into the mud. The males differ from the
females in the hand and opposing thumb of the second pair
of feet. These cephalo-thoracic appendages are quite as dif-
ferent from those of other Crustacea as those of the mites
and spiders, which have a pair of mandibles and maxille,
the lafter provided with a palpus. Appended to the ab-
domen are six pairs of broad swimming feet, all except the
first pair of which bear on the under side two sets of about
one hundred respiratory leavesor plates, into which the blood
is sent from the heart, passing around the outer edge and
ret;ummg around the inner edge. This mode of respiration
is like that of the Isopods.

The alimentary canal consists of an csophagus, which
rises directly over the mouth, & stomach lined with rows of
large chitinous teeth, with a large conical, stopper-like valve
projecting into the posterior end of the body ; the intestine
is straight, ending in the base of the abdominal spine. The
liver is very voluminous, ramifying throughout the cephalo-
thorax. The nervous system is quite unlike that of other
Crustacea ; the brain is situated on the floor of the body in
the same plane as the rest of the system, and sends a pair of
nerves to the compound eyes, a single nerve supplying the
ocelli.* The fect are all suppliel with nerves from a thick
ring surrounding the msophagus. The nerves to the six
pairs of abdominal legs are sent off from the ventral cord.

® The nervous system of Limulus isquite unlike that of the Scorpios,
where the brain is situated in the upper part of the head and sapplics
the maxille with nerves, and is situated directly over the infraceo-
phageal ganglion; and, besides, there is no cesophageal ring as in
Limulus, only the two commissures connecting the brain with tho
infracesophiageal ganglion as usual in the Neocarida and Arachnida im
general.
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The heart is tubular, with eight pairs of valvular openings
for the return of the venous blood which flows into the
pericardial sac from all parts of the body ; the arterial blood

Yig. 270.—Nervous and part of the circulatory system of Limulus polyphemus, the
nng_(:nb a, vent ; a, esophagus ; b, brain: o, nerve to the emaller eyes ; ¢/, nerve
1o the larger eyes ; 8. Derve-n around the u-wplugu All the nerves are mmund-
ed by an art | coat.—After Edwards,

is sent out from the arteries branching from the front end
of the heart flowing around the upper side of the edge of the
cephalo-thorax through numerous minute vessels. Also there
are a pair of branchial arterics, and two arteries in the base of
the spine.

Digitized by :()()SIC
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The arrangement of the ventral system of arteries 18 very
peculiar and quite characteristic of this unimal. The ceso-
phageal nervous ring, and in fact the entire nervous cord, is
ensheatbed in a vascular coat, so that the nervous system
and its branches are bathed by arterial blood. The veins
are better developed than usual ; there being in the cephalo-
thorax two large collective veins along each side of the in-
testine.

Closely connected with the two large collective veins are
two large yellowish glandular bodies each with four branches
extending up into the dorsal side of the cephalo-thorax.
They are probably renal in their nature.

Both the ovaries and testes are voluminous glands, each
opening by two papillee on the under side of the first ab-
dominal feet. At the time of spawning the ovary is greatly
distended, the branches filled with green eggs

Unlike most Crustacea, the female king-crab buries her
eggs in the sand between tide-marks, and there leaves them
at the mercy of the waves, until tho young hatch. The eggs
are laid in the Northern States between the end of May and

Fie. 271, Fie. 273,

FIg. 75 Tne same, moreadvanced, 0+ 4 serous membrane ; ok, chorion.
early in July, and the young are from a month to six weeks
in hatching.

After fertilization the yolk undergoes total segmentation,
much as in spiders and the craw-fish. When the primitive
disk is formed the outer layer of blastodermic cells peels off
soon after the limbs begin to appear, and this constitutes

-
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the serous membrane (Fig. 271, am), which is like that of
insects.

Then the limbs bud out ; the six pairs of cephalic limbs
appear at once as in Fig. 271. Soon after the two basal
pairs of abdominal leaf-like feet arise, the abdomen be-
comes separated from the front region of the body, and
the segments are indicated as in Fig. 272. A later stage
{(Fig. 273) is signalized by the more highly developed dorsal
portion of the embryo, an increase in size of the abdomen,
and the appearance of nine distinct abdominal segments. The
segments of the cephalo-thorax are now very clearly defined,
as also the division between the cephalo-thorax and abdomen,
the latter being now nearly as broad as the cephalo-thorax,
the sides of which are not spread out as in a later stage.

Fig. 373.—King-crab shortly before hatching ; trilobitic stage, enlarged ; side and
dorsal view.

At this stage the egg-ghell has split asunder and dropped
off, while the serous membrane, acting as a vicarious egg-
shell, has increased in size to an unusual extent, several
times exceeding its original dimensions and filled with sca-
water, in which the embryo revolves.

At a little later period the embryo throws off an embry-
onal gkin (amnion), the thin pellicle floating abount in the
egg. Still later in the life of the embryo the claws are de-
veloped, an additional rudimentary gill appears, and the
abdomen grows broader and larger, with the segments more
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distinct ; the heart also appears, being a pale streak along
the middle of the back extending from the front edge of
the head to the base of the abdomen.

Just before hatching the head-region spreads out, the ab-
domen being a little more than half as wide as the cephalo-
thorax. The two compound eves and the pair of ocelli on
the front edge of the head are quite distinct ; the append-
ages to the gills appear on the two anterior pairs, and the
legs are longer.

The resemblance to a Trilobite is most remarkable, as
seen in Fig. 213. It now also closely resembles the fossil
king-crabs of the Carboniferous formation (Fig. 274, Presé-
tcichia rotundatus, Fig. 275, Euproops Dane). '

Fig. 274.—Prestwichia, natural size.— Fig. 3.—Euprolps, natural size.—
After Worthen. After Worthen.

In about six weeks from the time the eggs are laid the
embryo hatches. It now differs chiefly from the previous
stage in the abdomen being much larger, scarcely less in
size than the cephalo-thorax ; in the obliteration of the seg-
ments, except where they are faintly indicated on the car-
dinc region of the abdomen, while the gills are much larger
than before. The abdominal spine is very rudimentary ; it
forms the ninth abdominal segment.

The reader may now compare with our figures of the re-
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cently hatched Limalus (Fig. 276), that of Barrande’s larva
of Trinucleus ornatus (Fig. 277, natural size and enlarged).
He will see at a glance that the young Trilobite, born with-
out any true thoracic segments, and with the head articu-
lated with the abdomen, closely resembles the young Limu-
lns. In Limulus no new segments are added after birth ;
in the Trilobites the numerous thoracic segments are add-
ed doring successive moults. 'The Trilobites thus pass
through a well-marked metamorphosis, though by no means
#0 remarkable as that of the Decapods and the Phyllopods.

A —Larva of a Tril
bite, Trinucleus ornatus.—
After Barrande.

Fig. 277.

¥ig. 276. —Larva of the King-crab.

The young king-crabs swim briskly up and down, skim-
ming about on their backs like Phyllopods, by flapping their
gills, not bending their bodies. In asucceeding moult, which
occurs between three and four weeks after hatching, the
abdomen becomes smaller in proportion to the head, and the
abdominal spine is about three times as long as broad. At
this and also in the second, or succeeding moult, which oc-
cars about four weeks after the first moult, the young king-
crab doubles in size. It is probable that specimens an inch
long are about a year old, and it must require several years
for them to attain a length of one foot.

The Limuli of the Solenhofen slates (Jurassic) scarcely
differed in appearance from those of their living descend-
anta. . .
Limulus, Prestwichia, Bellinurus, and Euprodps form
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the representatives of the suborder Xiphosura. The second
suborder Eurypterida is represented by extinct genera Pfery-
gotus, Eurypterus and allies which appeared in the upper
Silurian Period and became extinct in the Coal Period. In
these forms the cephalothorax is small, flattened and nearly
gquare, while the abdomen is long, with twelve or thirteen
segments, the last one forming a spoon-shaped or acute
spine. The appendages of the cephalothorax were adapted
for walking, one pair sometimes large and chelate; the
hinder pair paddle-like. The gills were arranged like the
teeth in a rake, the flat faces being fore and aft. While the
king-crab burrows in the mud and lives on sea-worms, the
Eurypterida probably swam near the surface, and were more
predatory than the king-crabs. The Merostomata are a gen-
eralized type, with some resemblances to the Arachnida as
well as to the genuine Crustacea, representing the larval or
Zoka form of the Decapoda.
Order 2. Trilobita.—The members of this group are all
extinct. The body has a thick dense integument like that
“of Limulus, and is often variously ornamented with tuber-
cles and spines. The body is divided into three longi-
tudinal lobes, the central situated over the region of the
heart as in Limulus. The body is more specialized than in
the Merostomata, being divided into a true head consisting
of six segments bearing jointed appendages, somewhat like
those of the Merostomata, with from two to twenty-six dis-
tinet thoracic segments (probably bearing short jointed limbs
not extending beyond the edge of the body, which support-
ed swimming and respiratory lobes). The abdomen consisted
of several (greatest number twenty-eight) coalesced segments,
forming a solid portion (pygidium), sometimes ending in 3
spine, and probably bearing membranous swimming feet.
The larval trilobite was like that of a king-crab, and after a
number of moults acquired its thoracic segments, there being
a well-marked metamorphosis. The Trilobites ( Paradoxides,
Agnostus, etc.) appeared in the lowest Silurian strats, cul-
minated in the upper Silurian, and died out at the close of
the Coal Period.
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Crass. I. CRUSTACEA.

Avrthropods breathing by gills situated on the legs, or respiring through
the body-walls. Body in the higher forms divided into two regions, a
cephalo-thorar and abdomen. Two pairs of antenne; mandibles usu-
ally «with a palpus. Heart nearly square, or in the lower forms tubular.
Often a distinct metamorphosis. Sexes distinct, except in a few cases
(certain barnacles, ete.).

Susbelass 1. Neocarida.—Genuine CW, with two pairs of anten-
p&e; biting mouth parts ; mostly modern types.

Order 1. Cirripedia.—Sessile often retrograded ; antenn® not devel-
oped, living parasitically, the appendages of the head some-
times forming net-like organs. Young hatched in the nau-
plius state. Suborder 1.—Rhizocephala (Sacculina, Pelto-
gaster). Suborder 2.—Genuine Cirripedia (Balanus, Lepas.)

Onrder 3. Entomostraca.—A cephalo-thorax developed ; mandibles and
three pairs of maxiile ; five pairs of thoracic feet, no ab-
dominal feet ; without any gills. The parasitic forms more
or less modified in shape, with sucking mouth-parts; all
the young of the nauplius form. Suborder 1. Copepoda
(Cyclops). Suborder 2. Siphonostoma (Lernsa, Caligus,and
Argulus).

Order 8. Branchiopoda. Thoracic feet leaf-like ; one to three pairs of
maxillee ; number of body-segments varying from a few to
sixty ; cephalo-thorax often well developed, and forming a
bivalved shell. Young usually a Nauplius. Suborder 1.
Ostracoda (Cypris). Suborder 2. Cladocera (Daphnia). Sub-
order 8. Phyllopoda (Limnadia, Apus, anchipul, and Ar-
temia.)

Order 4, Phyllocarida.—Body compressed ; rostrum distinct from the
carapace ; thoracic feet leaf-like ; no metamorphosis. (Ne-
balia)

Ovrder 8. — Tetradecapoda.—No cephalo-thorax, thoracic segments dis-
tinct ; respiration often carried on by the abdominal feet.
Soborder 1. JIsopoda (Idotsea, Asellus). Suborder 2. Am-
phipoda (Gammarus).

Ovdor 6. Stomapoda.—Abdominal feet respiratory. (Squilla.)

Order 1. Decapoda.—Cephalo-thorax well marked, abdomen often bent
beneath the cephalo-thorax ; breathing by gills attached to
the maxillipedes and legs. Heart often nearly square.
Ususlly & well-marked metamorphosis ; young called a
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Zvéa. Suborder 1. Cumacea (Cuma). Suborder 2. Scksz-
opoda(Mysis). Suborder 8. Macrura (Crangon, Astacus, Ho-
marus). Suborder 4. Brachyurae (Cancer).

Subclass 2. Paleocarida.—Appendages of the cephalo-thorax in the forun
of legs, rather than jaws; no antenns ; brain supplyingr
nerves to the eyes alone ; nerves to the cephalo-thoracic ap-
pendages sent off from an esophageal ring ; nervous system
ensheathed by a ventral system of arteries ; metamorphosis
slight. Sexes distinct. ' :

Order 1. Merostomata.—No distinct thoracic segments and appendages.
(Limulus, Eurypterus.)

Order 2. Trilobita.—Numerous free thoracic segments and jointed ap-
pendages. (Agnostus, Paradoxides, Calymene, Trinucleus,
Asaphus ; all extinct.)

CLASSIFICATION OF THE SUBCLASSES AKD ORDERS OF CRUSTACEA.
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CRUSTACEA.

Laboratory Work—In dissecting the lobster, the shell or crust may
be removed by a stout knife ; the whole dorsal portion of the cephalo-
thorax and each segment behind, including the base of the telson,
should be removed, care being taken not to injure the brain, which lies
Jjust under the base of the rostrum. The hypodermis, or reddish, mem-
branous, inner layer of the integument, should then be dissected away,
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esposing the heart, the stomach, the liver, and the large muscles of
the abdomen. The arterial system can be injected with carmine
through the heart, and the finer arteries traced into the large claws
and legs. In the crab, the entire upper side of the carapace may be
removed by the point of a knife. The smaller Crustacea, especially
the water-fleas, may be examined alive under the microscope as trans-
parent objects. In the larger forms the stomach may be laid open by
the scissors in order to study its complicated structare. The eyes of
the lobster should be hardened in saleohol and fine sections made for
the microscope. This is an.operation requiring much care and expe-
rience. Experts in embryology have sliced the eggs of certain Crusta-
e and studied their embryology with great success.

Crass II.—INSECTA (Centipedes, Mites, Spiders, Winged
Insects).

General Characters of Insects.—While in the worms
there is no grouping of the segments into regions, we have
seen that in most Crustacea there are two assemblages of
segments—i. e., & head-thorax and abdomen. In the insects
there is a step higher in the scale of life, a head is separated
from the rest of the body, which is divided into three
regions, the head, thorax, and hind-body (abdomen). More-
over, the insects differ from the Crustacea in breathing by
internal air-tubes which open through breathing-holes
(spiracles) in the sides of the body. The six-footed insects
also have wings, and their presenee is correlated with a
differentiation or subdivision of the two hinder segments
of the thorax into numerous pieces.

The number of body-segments in winged insects is seven-
teen or eighteen—i. e., four in the head, three in the thorax,
and ten or eleven in the hind-body. In spiders and mites
there are usually but twq segments in the head, four in the
thorax, and a varying number (not more than twelve) in
the abdomen ; in Myriopods the number of segments varies
greatly—i. e., from ten to two hundred. The appendages
of the body are jointed, and perform four different func-
tions—. e., the antenn arc sensorial organs, the jaws and
maxille are for seizing and chewing or sucking food ; the
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tharack appendages are for walking, and the spinnerets
of the spader, as well as the sting or ovipositor of many
insects. are subservient in part to the continuance of the

Of the winged insects there are two types : first, those in
which the jaws and maxille are free, adapted for biting, as
in ibe locust or grasshopper, and, second, those in which
the jaws and maxille are more or less modified to suck or
hap zp Liquid food, as in the butterfly, bee, and bug.

Nearly all insects undergo a metamorphosis, the young
teing called a larra (caterpillar, grub, maggot) ; the larva
transforms into & pupa (chrysalis), and the pupa into the
adult «imagol

In ander to obtain & knowledge of the stracture, external
and internal. of insects, the stadeunt should make a careful
study of the anatomy of a locust or grasshopper with the aid
of the following description : and afterward rear from the
ecy a caterpillar and watch the different steps in its metamor-
phesisinto a pupa and adult. The knowledge thus acquired
will be worth more to the student than a volame of descrip-
tions,

On making a saperficial examination of the locust (Calop-
tenus femur-rudrum, or C. spretus), its body will be seen to
consist of an external crust, or thick, hard integument, pro-
tecting the soft parts or viscera within. This integnment
is at intervals segmented or jointed, the segments more or
less like rings, which, in turn, are subdivided into pieces.
These segments are most simple and easily comprehended
in the abdomen or hind-body, which is composed of ten of
thern. The body consists of seventeen of these segments,
variously modified and more or less imperfect and difficult
to make out, especially at each eftremity of the body—
f.e.. in the head and at the end of the abdomen. These
seventeen segments, moreover, are grouped into three re-
gions, four composing the head, three the thorax, and ten
the hind-body, or abdomen. On examining the abdomen,
it will be found that the rings are quite perfect, and that
each segment may be divided into an upper (tergal), a lateral
(pleural), and an under (sternal) portion, or arc (Fig. 278, 4).

o
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These parts are respectively called fergite, pleurite, and
sternite, while the upper region of the body is called the

278.—External anatomy of Caloplenus spretus, the head and thorax inted.
"i‘iwougim f.mcnu c. cercus.—Drawn by J. 8. fnnp: dwo

tergum, the lateral the pleurum, and the ventral or under
portion the sternum.
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As these parts are less complicated in the abdomen, we
will first study this region of the body, and then examine the
more complex thorax and head. The abdomen is a little
over half as long as the body, the tergum extending far
down on the side and merging into the pleurum without
any suture or seam. The pleurum is indicated by the row
of spiracles, which will be noticed furtheron. The sternum
forms the ventral side of the abdomen, and meets the plen-
rum on the side of the body.

In the female (Fig. 278, B), the abdomen tapers some-
what toward the end of the body, to which are appended
the two pairs of stout, hooked spines, forming the oviposi-
tor (Fig. 278, B, r, r'). The anus is situated above the upper
and larger pair, and the external opening of the oviduct,
which is situated between the smaller and lower pair of
spines, and is bounded on the ventral side by a movable tri-
angular acute flap, the egg-guide (Fig. 278, B, ¢g, and Fig.
281).

The thorax, as seen in Fig. 278, consists of three seg-
ments, called the prothorax, mesothorax, and metathorax, or
fore, middle, and hind thoracic rings. They each bear a
pair of legs, and the two hinder each a pair of wings. The
upper portion (tergum) of the middle and hind segments,
owing to the presence of wings and the necessity of freedom
of movement to the muscles of flight, are divided or differ-
entiated into two pieces, the scutum and scutellum* (Fig.
278), the former the larger, extending across the back, and
the scutellum a smaller, central, shield-like piece. The
protergum, or what is usually in the books called the pro-
thorax, represents either the scutum or both scutum and
scutellum, the two not being differentiated.

The fore wings are long and narrow, and thicker than
the hinder, which are broad, thin, and membranous, and
most active in flight, being folded up like a fan when at
rest and tucked away out of sight under the fore wings,
which act as wing-covers.

* There are in many insects, as in many Lepidoptera and Hymenop-
tera aud some Neuroptera, four tergal pieces—i. ¢., preescutum, scutum,
scutellum, and postscutellum, the first and fourth pieces being usually
very small and often obsolete.

-
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¥ig. 970.—Male Caloplenus epretus. —Dlssected and drawn by J. 8. Kl
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Turning now to the side of the body under the insertion
of the wing (Fig. 279), we see that the side of each of the
middle and hind thoracic rings is composed of two pieces,
the anterior, episternum, resting on the sternum, with the
epimerum behind it ; these pieces are vertically high and
narrow, and to them the leg is inserted by three pieces,
called respectively coza, ¢rochantine, and trockanter (see Fig.
279), the latter forming a true joint of the leg.

The legs consist of five well-marked joints, the femssr
(thigh), tibia (shank), and farsus (foot), the latter consist-
ing in the locust of tkree joints, the third bearing two large
claws with a pad between them. The hind legs, especially
the femur and tibia, are very large, adapted for hopping.

The sternum is broad and large in the middle and hind
thorax, but small and obscurely limited in the prothorax,
with a large conical projection between the legs.

The head is mainly in the adult locust composed of a sin-
gle piece called the epicranium (Figs. 279 and 280, £), which
carries the compound eyes, ocelli, or simple eyes (Fig. 280,

e), and antenn@. While there are in real-
ity four primary segments in the head of

0
pav ay ..( all winged insects, corresponding to the

four pairs of appendages in the head, the
E k posterior three segments, after early em-

AT 77 bryonic life in the locust, become obsolete,
ma.- ‘ and are mainly represented by their ap-
- .}/ pendages and by small portions to which the
appendages are attached. The epicranium
represents the antennal segment, and
e T & mustly corresponds to the tergum of the seg-
tpretus, K. cplcrant ment. The antennw, or feelers, are in-
I e g, 8eTted in front of the eyes, and between
mundible: mz.portion them is the anterior ocellus, or simple eye,
of maxilla uncovered . . . .
by the lsbrum; p, while the two posterior ocelli are situated
ﬂ:i‘%&?ﬂia&: above the insertion of the antenns. In
ley del. front of the epicraninm is the clypeus (Fig.
280), a piece nearly twice as broad as long. To the clypeus
is attached a loose flap, which covers the jaws when they
are at rest. This is the upper lip or labrum (Fig. 280).
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There are three pairs of mouth-appendages : first, the true
jaws or mandibles (Fig. 278), which are single-jointed, and
are broad, short, solid, with a toothed cutting and grinding
edge, adapted for biting. The mandibles are situated on
each side of the mouth-opening. Behind the mandibles
are the maxille (Fig. 278), which are divided into three
lobes, the inner armed with teeth or spines, the middle lobe
unarmed and spatula-shaped, while the outer forms a five-
jointed feeler called the maxillary palpus. The maxille are
accessory jaws, and probably serve to hold and arrange the
food to be ground by the true jaws. The floor of the mouth
is formed by the labium (Figs. 278 and 279), which in real-
ity is composed of the two second maxille, soldered together
in the middle, the two halves being drawn separately in Fig.
278 ; to each half is appended a three-jointed palpus.

Within the mouth, and situated upon the labium, is the
tongune (lingua), which is a large, membranous, partly hol-
low expansion of the base of the labium ; it is somewhat

pyriform, slightly keeled above, and covered with fine, stiff
hairs, which, when magnified, are seen to be long, rough,
chitinous spines, with one or two slight points or tubercles
on the side. These stiff hairs probably serve to retain the
food in the mouth, and are, apparently, of the same struc-
ture as the teeth in the crop. The base of the tongue is
narrow, and extends back to near the pharynx (or entrance
to the gullet), there being on the floor of the mouth, behind
the tongue, two oblique slight ridges, covered with stiff,
golden hairs, like those on the tongue.

The internal anatomy may be studied by removing the
dorsal wall of the body and also by hardening the insect
several days in alcohol and cutting it in two longitudinally
by a sharp scalpel.

The @sophagus (Fig. 281, @) is short and curved. contin-
uous with the roof of the mouth. There are several Jongi-
tudinal irregular folds on the inner surface. It terminates
in the centre of the head, directly under the supra-esopha-
geal ganglion, the end being indicated by several small coni-
cul valves closing the passage, thus preventing the regurgita-
tion of the food. The two salivary glands consist each of a
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bunch of follicles, emptying by a common duct into the loor
of the mouth.

The cesophagus is succeeded by the crop (ingluvies). It
dilates rapidly in the head, and again enlarges before pass-
ing out of the head, and at the point of first expaunsion or
enlargement there begins a circular or oblique series of folds,
armed with a single or two alternating rows of simple spine-
like teeth. Just after the crop leaves the head, the ruge or
folds become longitudinal, the teeth arranged in rows, each
" row formed of groups of from three to six teeth, which

point backward so as to push the food into the stomach.
In alcoholic specimens the folds of the crop and esophagus
are deep blood-red, while the muscular portion is flesh-col-
ored. It is in the crop that the ‘‘ molasses ’’ thrown out by
the locust originates.
. The proventriculus is very small in the locust, easily over-
looked in dissection, while in the green grasshoppers it is
large and armed with sharp teeth. A transverse section of
the crop of the cricket shows that there are six large irreg-
ular teeth armed with spines and hairs (Fig. 282). It
forms a neck or constriction between the crop and true
stomach. It may be studied by laying the alimentary canal
open with a pair of fine scissors, and is then seen to be
armed with six flat folds, suddenly terminating posteriorly,
where the true stomach {chyle-stomach, ventriculus) begins.
The chyle-stomach is about one half as thick as the crop,
when the latter is distended with food, and is of nearly the
same diameter throughout, being much paler than the red-
dish crop, and of a flesh-color.

From the anterior end arise six large gastric ceca, which
are dilatations of the true chyle-stomach, and probably serve
to present a larger surface from which the chyle may escape
into the body-cavity and mix with the blood, there being in
insects no lacteal vessels or lymphatic system.

The stomach ends at the posterior edge of the fourth ab-
dominal segment in a slight consiriction, at which point
(pyloric end) the urinary tubes (vasa urinaria, Fig. 281,
ur) arise. Theso are arranged in ten groups of about fifteen
tubes, so that there arc about onc hundred and fifty long,
fine tubes in all,
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The intestine (ileum) liesin the fifth and sixth abdominal

ts.

Behind the intestine is the colos, which is smaller than
the intestine proper, and makes a partial twist. The colon
suddenly expands into the recfum, with six large rectal
glands on the inside, held in place by six muscular bands
attached anteriorly to the hinder end of the colon. The
rectum turns up toward its end, and the vent is situated
just below the supra-anal plate.

Having described the digestive canal of the locust, we
may state in a summary way the functions of the different -
divisions of the tract. The
food after being cut up by the
jaws is acted upon while in
the crop by the salivary fluid,
which is alkaline, and pos-
sesses the property, as in ver-
tebrates, of rapidly transform-
ing the starchy elements of
the food into soluble and as-
>/ similable glucose. The diges-
2r tive action carried on in the
crop (ingluvies) then, in a veg-
etable-feeding insect like the
%2 Transrerte section of the locust, results in the conver-

Fig
{ Gy cnerovs of Eur
muscalar walls : 7. homy ridge between ion of the starchy matters

o s v e Mo into glucose or sugar. This
process goes on very slowly. When digestion in the crop
has ended, the matters submitted to an energetic pressure
by the walls of the crop, which make peristaltic contrac-
tions, filter gradually through the short, small proventricu-
lus, directed by the furrows and chitinous projections lining
it. The apparatus of teeth does not triturate the food,
which has been sufficiently comminuted by the jaws. This
is proved by the fact, says Plateau, that the parcels of food
are of the same form and size as those in the crop, before
passing through the proventriculus. The six large lateral
pouches (coeca) emptying into the commencement of the
stomach (ventriculus) are true glands, which secrete an al-
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kaline fluid, probably aiding in digestion. In the stomach
(ventriculus) the portion of the food which has resisted the
action of the crop is submitted to the action of a neutral or
alkaline liquid, never acid, secreted by special local glands
or by the lining epithelium. In the ileum and colon ac-
tive absorption of the liquid portion of the food takes place,
and the intestine proper (ileum and colon) is thus the seat
of the secondary digestive phenomena. The reaction of the -
secretion is neutral or alkaline. The rectum is the ster-
coral reservoir. It may be empty or full of liquids, but
never contains any gas. The liquid products secreted by
the urinary tubes are here accumulated, and in certain cir-
cumstances here deposit the calculi or crystals of oxalic,
uric, or phosphatic acid. Insects, says Plateau, have no
special vessel to carry off the chyle, such as the lacteals or
lymphatics of vertebrates ; the products of digestion—rviz.,
salts in solution, peptones, sugar in solution, and emulsion-
ized greasy matters—pass through the fine coatings of the
digestive canal by osmosis, and mingle outside of this canal
with the carrents of blood which pass along the ventral and
lateral parts of the body.

Into the pyloric end of the stomach empty the urinary
tubes, their secretions passing into the intestine. These are
organg exclusively depuratory and urinary, relieving the
body of the waste products. 'The liquid which they secrete
contains urea (?), uric acid, and urates in abundance, hip-
puric acid (?), chloride of sodium, phosphates, carbonate of
lime, oxalate of lime in quantity, leucine, and coloring mat-
ters. ‘

The nervous system of the locust, a8 of other insects, con-
sists of a series of nerve-centres, or so-called brains (ganglia),
which are connected by two cords (commissures), the two
cords in certain parts of the body in some insects united into
one. There are in the locust ten ganglia, two in the head,
three in the thorax, and five in the abdomen. The first
ganglion is rather larger than the others, and is called the
‘ brain.”” The brain rests upon the cesophagus, whence its
name, supra-cesophageal ganglion. From the brain arise the
large, short, optic nerves (Fig. 281, not lettered, but repre-
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Fig. 233.—Nervous sgystem of ('nln‘:hnw sprefus, sp, supra-msophageal ganglion, sending off the large optic nerve (op) to
the eyes, and an ocellar nerve to each ocellus (the dotted line oc stops short of the left ocellus) ; {7, infra-ceophageal gan-

lion ; 1, 2, 3, thoracic ganglia ; 1-b, five abdominal ganglia (the fifth the largest, and sending branches to the ovipositor, ete.).

'he sympathetic nerve and ganglia are represented by the two main nerves which arlse from the medio-cephalic ganglion (as)
resting on and above the cesophagus and two ganglia (ps) on the under side of the crop, From cach of these ganglia two
nerves are sent under the crop, and a larger nerve on each side to as far as the stomachal ceca, ending in the figure at the dot-
ted line 2, near the second thoracic ganglion. w, a round, shining body, connected by a nerve with the medio-cephalic gan-
glion, its nature unknown. (Drawn by J. H. Emerton from dissections made by the author.)
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the antennal nerves (Fig. 281, af). The simple brain of the
locust may be compared with the more complicated brain of
an ant, as seen in Fig. 284.

The infra-esophageal ganglion (Fig. 283, if), as its name
implies, lies under the cesophagus at the base of the head, un-

Y\R 284.—Right half of an ant's-brain; 48, infra-cesop! ganglion : @Gr, brain;
() ceatral counective portious ; W, W, semi-circ: bodies of the unnll-eellod ponlon
of the brain Iying next to the basal portion of the’bnln ftom whlch the nerves to the
rimple eye- au) arhe Au, optle obes An, antennal lo! he bodies appearing
like cells are k of-the snbounce or the cord ; 7, celln-
lar cortical substance of the bnln ko twofold body of the commissure eonnecung
the brain with the lnn-a-cmphageal ganglion —After Leydig, from Graber.

derabridge of chitine, and directly behind the tongue. It is
connected with the supra-cesophageal ganglion by two com-
Iigsures passing up each side of the esophagus. From the
under side of the infra-cesophageal ganglion arise three
pairs of nerves, which are distributed to the mandibles,
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maxillse, and labium. The mandibular nerves project for-
ward and arise from the anterior part of the ganglion, near
the origin of the supra-esophageal commissures, while the
maxillary and labial nerves are directed downward into
those organs.

The sympathetic ganglia are three in number ; one sitn-
ated just behind the supra-cesophageal ganglion (Fig. 278,
as), resting on the cesophagus, and two others situated each

side of the crop, low down. Each of

the two posterior ganglia is supplied

3 by a nerve from the anterior ganglion.

Two nerves pass under the crop con-

i necting the posterior ganglia, and

from each posterior ganglion a nerve

is sent backward to the end of the

proventriculus. A pair of nerves pass

under the cesophagus from each side

of the anterior sympathetic ganglion,

and another pair pass downward to s

round white body, whoee nature is
unknown (Fig. 278, ).

Fig. 285 represents an enlarged
view of the brain and sympathetic
ns. Derve of a moth. The heart is a long
@ tube lying in the abdomen, dilating

Fig. 285 —8u
geal ganglion

T he ik wormn moth tBom : . - and
%ﬂi e, Supraeso st six places along its course, an
phageal ganglion (“braln ) ending in & conical point near the

@, antennary nerve ; 0, O] . N .
merve; r. azygos trankof the end of the abdomen ; it is held in

eral nervous system ; ¥,
ita roots _arising” from the place by fine muscular bands.

:: g&%ﬂmwﬁ% All insects breathe by means of a

T e ‘Gegen.  complicated system of air-tubes rami-
baar. fying throughout the body, the air
entering through a row of spiracles, or air-holes, or breath-
ing-holes (stigmata), in the sides of the body. There are in
locusts two pairs of thoracic and eight pairs of ahdominal
spiracles. The first thoracic pair (Fig. 286) is situated on
the membrane connecting the prothorax and mesothorss,
and is covered by the hinder edge of the protergum (usually
called prothorax). The second spiracle is situated on the
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posterior edge of the mesothorax. There are eight abdominal
spiracles, the first one situated just in front of the auditory
sac or tympanum (see Fig. 279), and the remaining seven are
small openings along the side of the abdomen, as indicated
in Fig. 286. From these spiracles air-tubes pass in a short
distance and connect on each side of the body with the spi-
racular trachea (Fig. 286, s, Fig. 287, 8) as we may call it.
The air-tubes consist of two coats, with several short spiral
threads wound around the tube (Fig. 288). These spiracn-
lar traches begin at the posterior spiracle, and extend for-
ward into the mesothorax, there subdividing into several
branches. Branches from them pass to the two main ven-
¢ral traches (Fig. 286, v), and to the two main dursal tra-
chee (Fig. 286, D, Fig. 287, D). The main tracheal sys-
tem in the abdomen, then, consists of six tubes, three on a
side, extending along the abdomen. The pair of ventral
traches extend along the under side of the digestive canal ;
the dorsal traches rest on the digestive canal. These six
tubes are connected by anastomosing traches, and, with
their numerous subdivisions and minute twigs and the sys-
tem of dilated traches or air-sacs, an intricate network of
trachee is formed.

The system of thoracic air-tubes is quite independent of
the abdominal system, and not so easy to make out. The
tubes arising from the two thoracic stigmata are not very
well marked ; they, however, send two well-marked traches
into the head (Fig. 286, ¢, Fig. 287, c¢), which subdivide into
the ocular dilated air-tube (Fig. 286, oc, Fig. 287, oc) and a
number of air-sacs in the front of the head.

The series of large abdominal air-sacs, of which there
are five pairs (Fig. 287, 3-7), arise independently of the main
traches directly from branches originating from the spira-
cles, as seen in Fig. 286. They are large and easily found
by raising the integument of the back. There is a large
pair in the mesothorax (Fig. 287, 2) and two enormous sacs
in the prothorax (Fig. 287, 1), sometimes extending as far
back as the anterior edge of the mesothorax. All these sacs
are superficial, lying next to the kypodermis or inner layer
of the integument, while the smaller ones are, in many casés,
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buried among the muscles. Besides the ordinary air-sacs,
there is In the end of the abdomen, behind the ovaries, a
plexus of six dilated air-sacs (Fig. 287, I, II, III), which
are long, spindle-shaped, and are easily detected in dis-
secting.

There is a system of dilated trachem and about fifty air.
sacs in the head.

In the legs two trache® pass down each side of the femors,
sending off at quite regular intervals numerous much-branch-
ing, transverse twigs ; there is one large and a very small
trachea in the tibia, and the main one extends to the ex-
tremity of the last tarsal joint.

By holding the red-legged locust in the hand, one may
observe the mode of breathing. During this act the por-
tion of the side of the body between the spiracle and the
pleurum (Fig. 278, A) contracts and expands ; the contrac-
tion of this region causes the spiracles to open. The gen-
eral movement is caused by the sternal moving much more
decidedly than the tergal portion of the abdomen. When
the pleural portion of the abdomen is forced out, the soft
pleural membrunous region under the fore and hind wings
contracts, as does the tympanum and the membranous por-
tions at the base of the hind legs. When the tergum or
dorsal portion of the abdomen falls and the pleurum con-
tracts, the spiracles open ; their opening is nearly but not
always exactly co-ordinated with the contractions of the
pleurum, but as a rule they are. There were sixty-five con-
tractions in a minute in a locust which had been held be-
tween the fingers about ten minutes. It was noticed that
when the abdomen expanded, the air-sacs in the first ab-

. 288.—Showing distribution of air-tubes (trichew) and sir-sace—side view of
the y. v, main ventral trachea (only one of th: two shown); s, left stigmatal
traches, connecting by vertical branches with D, the left main doreal trachea; ¢, left
cephalic trachea ; or, ocular dilated trachea. From the first, second, third, and fourth

les arise the first four abdominal air-eace, which are succeeded Ly the plexus
of three pairs of dilated traches, I, 11, III, in Fig. 287. Numerous air-sacs and
tfachese are represented in the head and thorax. The two thoracic spiracies are rep-
resented, but not lettered.

. 27.—D, left doreal trachea: §, left stigmatal trachea : T, IT, J1IT. first, second,
and third pairs of abdominal dilated traches. forming a plexus behind the ovaries ;
1, pair of enormous thoracic air-sucs; 2, pair of emaller air-sacs; 3-7. abdominal
air-sacs ; oc. ocular dilated trachca and air-sacs; ¢, cephalic trachca. The relations
of tife heart to the dorsal trachem are indicated. —Drawn by Emerton from dlssec-
tions by the author.
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dominal ring contracted. This would indicate that the
air rushes into the spiracles during the contraction of the
abdomen, and that the air-sacs are not refilled until the
spiracles are closed ; thus the air in the air-sacs is perhaps
constantly changing.

It is evident that the enormous powers of
flight possessed by the locust, especially its fac-
ulty of sailing for many hours in the air, is due
to the presence of these air-sacs, which float it
up in the atmospheric sea. Other insects with
a powerful flight, as the bees and flies, have well-
developed air-sacs, but they are less numerous.
It will be seen that, once having taken flight,
the locust can buoy itself up in the air, con-
stantly filling and refilling its internal buoys or
balloons without any muscular exertion, and
thus be borne along by favorable winds to its
Fg e destination. It is evident that the process of
Longitadinal respiration can be best carried on in clear, sunny
trachea of Hy- weather, and that when the sun sets, or the
drophiluspiceus . . .
or water-beetle. Weather is cloudy and damp, its powers of flight

ep, epithelium; h . e
oa cuticula: /. are lessened, owing to the diminished power of

spiral thre s respiration. The finer structure of the trachea
is seen in Fig. 288,

It is difficult to explain many of the actions of insects,
from the fact that it is hard for us to appreciate their men-
tal powers, instincts, and general intelligence. That they
have sufficient intellectual powers to enable them to main-
tain their existence may be regarded as un axiom. Bat in-
sects differ much in intelligence and also in the degree of
perfection of the organs of sense. The intelligence of in-
sects depends, of course, largely on the development of the
organs of special scnse.

The sense of sight must be well developed in the locust,
there being two large, well-developed compound eyes, and
three simple ones (ocell?), sitnated between the former, sup-
plied with nerves of special sense.

Fig. 289 represents the eye of a moth greatly enlarged to

k‘.\show the finer structure.

T T
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- The antennse are, in the locust, organs of smell. The
palpi are not only organs of touch, but probably, as in some
other insects, are endowed with the sense of taste, enabling
the locust to discriminate between the different kinds of
food, and select that best adapted to suit its wants. It is
possible that the labial nerves send branches of special sense
to the tongue.

wclets FGCTLad exteraany (/o s mve e ithin. whows the rodlike cnding of the
Borela compone OF plpatss coll . cor ophe Derme ; 7, tesches boet o B basdins
of fibrille. — Leydig, from Graber.’ T

The ears are well developed in the locust, and we. know
that the sense of hearing must be delicate, not only from the
fact that a loud alarum with kettles and pans affects them,
but the movements of persons walking through the grass
invariably disturb them. Besides this, they produce a fid-
dling or stridulating sound by rubbing their hind legs
against their folded wing-covers, and this noise is a sexual
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sound, .heard and appreciated by individuals of the other
sex. Any insect which produces a sound must be supposed to
have ears to hear the sound pro-
s duced by others of its species.
R In the antenne, palpi, and
abdominal appendages of dif-
ferent insects are seated mmi-
he ob. nute sense organs of unknown
rgan on the a
e, -e%:;pp::mtg?emiml m of leltl]l](::O(:;S,smte}H)n(ihta:: lzz}:;y
pllplll of . —Author del 290) he
The ears (or auditory sacs) of the locust are sitnated, one
on each side, on the basal joint of the abdomen, just be-

" Fig. 201, —Enr of alocust (Caloptsnws ilah‘cm) reen ﬁ-om the Inner olde 1' tym-

dﬁ': 3. w?" ol - tike e PR o e loslng g
au nerve ; ga, terminal ganglion; &/, s a ; m, opening and m c mus-
cle of the same ; qlluunor Sl of the e ty! fm 3 —After

hind the first abdominal spiracle (Fig. 279). The ap-
paratus consists of a tense membrane, the tympanum, sur-
rounded by a horny ring (Fig. 291). ** On the internal sur-

-—
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face of this membrane are two horny processes (ou), to which
is attached an extremely delicate vesicle (b7) filled with a
transparent fluid, and representing a membranous labyrinth.
This vesicle is in connection with an auditory-nerve (n)

Fig. 902.—A Carabus beetle in the act of walkin o rnnning. Three legs (L!, R*.
I3, are directed forward, while the others (R}, BY), which are directed back-
ward toward the tail. have ended their activity. @ b "¢ d, and ef lre curves described
b! the end of the tibise and passing back w the end of the body; b4, d i, and f Sgue

urves described by the same legs during their passive change of pomlon fter

which arises from the third thoracic ganglion, forms a gan-
glion (ga) upon the tympanum, and terminates in the im-
mediate neighborhood of the labyrinth by a collection of
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caneiform, staff-like bodies, with very finely-pointed ex-
tremities (primitive nerve-fibres?), which are surrounded
by loosely aggregated ganglionic globules.”” (Siebold’s
Anatomy of the Invertebrates.)

In walking, the locust, beetle, or, in fact, any insect,

raises and puts down its six legs slternately, as may be

seen by observing the movements

-B of abeetle (Fig. 292). While the

f structure of the limb of a ver-

tebrate and insect is not homeol-

ogous, yet the mechanismm or

functions of the parts are iIn

the main the same, as indicated
in Figs. 293 and 294.

The footprints of insects are
sometimes left in fine wet sand
on the banks of streams or by
the seaside.

In Fig. 295 the black dots
are made by the fore, the clear
circle by the middle, and the
black dashes by the hind legs
(Graber).

The wings are developed as
x folds of the integument, and
(  strengthened by hollow rods
called “‘ veins ;”” their branches

Fig. 208.—8ection of the fore leg of called ¢ venures.” There are
a Stag beetle, showing the muscles. 8. in the wings of most insects

cxtentor, B, flexor of the leg; #, ex-
tensor ; b, fiexorof the femur; o, femar; 8ix main veins—t.e., the costal
el ,

Sxtensor, b, Nexor of the femoroctibial :
Saint. Doih cniarged —After Graber, e subcostal, median, subme-
dian, internal, and anal. They
are hollow and usually contain an air-tube, and a nerve
often accompanies the trachea in'the principal veins. The
arterial blood from the heart (as seen in the cockroach by
Moseley) flows directly into the costal, subcostal, median,
and submedian veins ; here it is in part aérated, and returns
to the heart from the hinder edge of the wings through the
hinder smaller branches snd the main trunks of the internal
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and anal veins. So that the wings of insects act as lungs
as well as organs of flight. For the latter purpose, the
principal veins are situated near the front edge of the wing,

Fig. 204 —Diagram of the knee-joint of a vertebrate (4) and_an insect’s limb (B.
8, upper, b, lower shank, united at A by a capreular joint, at B by a folding jolur
d, extensor or lifiing muscle ; d!, flexr or lowering muscle of the lower jo ut.

ed live indicates in A the contour of the leg. —After Graber,

called the costa, and thus the wing is strengthened when the
most strain comes during the beating of the air in flight.

The wing of an insect in making the strokes during flight
describes a figure 8 in the air. A fly’s wing
makes 330 revolutions in a second, executing Ve
therefore 660 simple oscillations. | ®

The sexes are always distinct in insects, the L7<
only known exception being certain very low
aquatic Arachnida called Tardigrada,in which ~q ¢
both sexual glands occur in the same indi- < 7
vidual. The testes of the common red- /é
legged locust form a single mass of tubular r L
glands, resting in the upper side of the third, 7(
fourth, and fifth segments of the hind body.
Figs. 296 and 297 represent this structure in D%
other insects. The ovaries consist of two sets }
of about twenty long tubes, within which the
eggs may be found in various stages of de-
velopment. The eggs pass into two main g 205 —Foot-
tabes which unite to form the single oviduct {[3eke, of Newo-
which lies on the floor of the abdomen. ﬁ:‘a’,:‘b;,’_’""‘"
Above the opening of the oviduct is the sebific
gland and its duct. This gland secretes a copious supply of
a sticky fluid, which is, as in many other insects, poured

~
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out as the eggs pass out of the oviduct, thus surrounding
them with a tough coat.

The external parts consist of the ovipositor (Fig. 278, B,
and Fig. 281), which is formed of two pairs of spines (rkad-
dites) adapted for boring into the earth; and of the egg-
guide (Figs. 278 and 281, eg), a triangular flap guarding the
under side of the opening of the oviduct.
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Fig. 206.—Male rexual apparatus of a bark.beetle. de%nﬁz '—‘"-:m,:i \':dvd.:
st e o e O smial vei 0, o ks Gl e
There is a remarkable uniformity in the mode of develop-
ment of the winged insects. In general, after fertilization
of the egg, a few cclls appear at one end of the egg ; these
multiply, forming a single layer around the egg, this layer
constituting the blastoderm. This layer thickens on one
side of the egg, forming a whitish patch called the primitive
streak or band. Theblastoderm molts,
sloughing off an outer layer of cells,
& new layer forming beneath ; the skin
thus thrown off is called the serous
membrane ; the second germ-layer
R (ectoderm) then arises, and a second
Fle. 298 —Scctfn of Sphinx 10embrane (called amnion, but not
T tha ok 5 serous mem: nomologous with that of vertebrates)
3.?1':’33"';;:3'12;3{”' outer, peels off from the primitive band just
as the appendages are budding out, so

that the body and appendages of the embryo insect are en-
cased in the amnion as the hand and fingers are encased by
a glove. As seen in the accompanying Figs. 298-303, the

0
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appendages bud out from the under side of the primitive
band, and antenn®, jaws, legs, ovipositor (or sting), and the
abdominal feet of caterpillars are at

ternal organs, the ner-
vous system first origi-
nates ; the alimentary
90 —Embryo of Bphing canal is next formed ;
‘more advanced. 4, heart; and at about this time
ialﬁ.:ﬁ“&'; in.f;c'f.ﬂﬁifi::ﬁjrﬁ'.‘,: the stigmnata and air-
ﬁﬁﬁ.’,;:i‘:‘:}a‘wﬁé ‘f,'i‘;;,;% tflbes arise as invagina-
&ne: Kowalevaky,  © tions of tho outer germ-
layer. The development
of the salivary glands precedes that of the uri-
nary tubes, which, with the genital glands, are
originally offshoots of the primitive digestive
tract. Finally the heart is formed.

When the insect hatches, it either cuts its way
through the egg-shell by a temporary egg-cut-
ter, a8 in the flea, or the expansion of the
head and thorax and the convulsive movements
of the body, as in the grasshopper, burst the
shell asunder. The serous membrane is left in
the shell, but in the case of grasshoppers the
larva on hatching is still enveloped in the am-
nion. This is soon cast as a thin pellicle.

The principal change from the larval to the
adult locust or grasshopper is the acquisition of
wings. In such insects, then, as the Orthoptera
and Hemiptera, in which the adults differ from
the newly hatched larva mainly in the posses-
gion of wings, metamorphosis is said to be in-

first all alike. Soon the appendages
begin to assume the form seen in
the larva, and just before the insect
hatches the last steps in the elabora-
tion of the larval form are taken.
As to the development of the in-

Fig. 800.—
Primitive
band or germ
of a Sphinx
moth, with the
regments  in-
dicated, and
their radimen-
tary append-
ages. ¢, upper
Hp; at anten-
nee ; md, man-
dibles; mxz,
ma’, first an
second maxil-
le; ¢4, VU, U,
legs ; al, abdo-
minal legs.

complete. In the beetle, butterfly, or bee, the metamorphosis
is complete ; the caterpillar, for example, is a biting insect,
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is voracious, and leads a different life from the quiescent,
sleeping pupa or chrysalis, which takes no food ; on the
other hand, the imago or butterfly has mandibles, which
are rudimentary, and incapable of biting, while the maxills,
or ‘‘tongune,”” which were rudimentary in the caterpillar,
- become now greatly developed ; and the butterfly takes

Fig. 81. —Embryo of s
Water-beetle (Hydrorhilus). E,
cgg ; K, head : ol, upper lip: m,
mouth ; an, antennse ; %,, man-
dibles ; Xy, kx maxille ; B,

thorax ; 3,, by, egs ; e

ten pairs of mdrmenury abdo- Fig. 302.—Profile view of em

minal legs, of which all except A, Honey-bee, lettering as in 3

dirappear before the insect 201, ix. nervoue cord; 0G, brain;

hatches ; a, anus,—After Kowa- D, digestive canal ; ach, the aeo-

levaky. phagus ; St, stigmatal os\-nlngsof
the tracheal l?uem; , heart.—
After Bltitsch:

liquid food and but little of it, while its surroundings and
mode of life are entirely changed with its acquisition of
wings. Thus the butterfly leads three different lives, differ-
ing greatly in structure, externally and internally, at these
three periods, and with different environments.



NETAMORPHOSIS OF INSECTS. 353

Most caterpillars moult four or five times; at each
moult the outer layer of the skin is cast off, the new
skin arising from the Aypodermis, or inner layer of the in-
tegument. The skin opens on the back behind the head,
the caterpillar drawing itself out of the rent. In the
change from the caterpillar to the chrysalis, there are re-
markable transformations in the muscles, the nervous,
digestive, and circulatory system, inducing a change of
form, external and internal, characterizing the different
stages in the metamorphosis.

While the changes in form are
comparatively sudden in flies and
butterflies, the steps that lead to
them are gradual. How gradual
they are may be seen by a study of
the metamorphosis of a bee. In
the nest of the humble or honey
bee, the young may be found in all %
stages, from the egg to the pupa 2 B
gayly colored and ready to emerge |
from its cell. It is difficult to
indicate where tho chrysalis stage
beging and the larva stage ends,
yot the metamorphosis is more
complete—namely, the adult bee
is more unlike the larva, than in
any other insect.

Besides the normal mode of de- I
velopment, certain insects, as the ,Fig %3 —Embryo of the Louse.
Plant-louse (Aphis), the bark-louse as, antenne: ; ok forehoad. —Afler
(Coccus), the honey-bee, the Po- '
listes wasp, the currant saw-fly (Nematus), the gall-flics,
and a few others, produce young from unfertilized eggs.
Certain moths, as the silk-worm moth (Bombyz mori) and
others, have been known to lay unfertilized eggs from which
caterpillars have hatched. This anomalous mode of repro-
duction is called parthenogenesis, and fundamentally is only
8 modification of the mode of producing young by budding
which is universal in plants, and is not unusual, a8 we have
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seen, among the lower branches of the animal kingdom.
The object or design in nature, at least in the case of the
plant-lice and bark-lice, as well as the gall-flies, is the pro-
duction of large numbers of individuals, by which the per-
petuity of the species is maintained. )

Insects are both useful and injurious to vegetation. Were
it not for certain bees and moths, orchids and many othez
plants would not be fertilized ; insects also assist in the
cross-fertilization of plants. For full crops of many of our
fruits and vegetables, we are largely indebted to bees, flies,
moths, and beetles, which, conveying pollen from flower to
flower, ensure the production of abundant seeds and fruits
Mankind, on the other hand, suffers enormous losses from
the attacks of injurious insects. Within a period of four
years, the Rocky Mountain locust, migrating eastward, in-
flicted a loss of $200,000,000 on the farmers of the West.
In the year 1864, the losses occasioned by the chinch-bug in
the corn and wheat crop of the valley of the Mississippi
amounted to upward of $100,000,000. It is estimated that
the average annual losses in the United States from insects
are abont €100,000,000. On the other hand, hosts of
ichneumon flies and Tachina flies reduce the numbers and
prevent undue increase in the numbers of injurious insectsa.

The number of species of insccts is estimated to be abount
190,000. Of these there are about 25,000 species of Hymme-
noplera (bees, wasps, etc.); about 25,000 species of Lepi-
doptera (butterflies and moths) ; about 24,000 Diplera (two-
winged flies), and 90,000 Coleoptera (beetles) ; with about
4600 species of Arachnida (spiders, etc.), and 800 specics
of Myriopoda (millepedes, centipedes, etec.)

Insccts are distributed all over the surface of the earth.
Most of the species are confined to the warmer portions of
the globe, becoming fewer in the number of species as we
approach the North Polar regions. Many are inhabitants
of fresh water; a very few inhabit the sea.

Insects, so far as the records go, first appeared in the
Devonian rocks ; these were Neuroptera and Orthoplera, such
as May-flies and other forms which seem generalized in
their structure. But if highly developed flying insects, be-
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longing, at least the May-fly, to existing families, appeared
in the Devonian period, it is reasonable to suppose that in-
sects must have inhabited the dry land of the Silurian
period.

Insects are divided into four sub-divisions or sub-classes—
t.e., the Malacopoda, the Myriopoda, the Arachnida, and
the six-footed, winged insects, or Hezapoda. All agree in
breathing by air-tubes, and in having in most cases a tri-
regional arrangement of the segments of the body. By some
aathors the three higher groups are regarded as independent
elasses, but they are all modifications of a general insect
form, with similar mouth-parts, a single pair of antenne,
when these organs are present, with no palpus to the man-
dibles, and with other characters which render the class
Insecta equivalent to the class Crustacea.

Sub-class 1. Malacopoda.—This group is represented by
a single animal, the strange Peripafus of tropical coun-
tries, in which the body is cylindrical, the integument, an-
tenns, and limbs soft, not chitinized, with the head not
separate from the body, and bearing a pair of many-jointed
extensible antenn®, with two pairs of rudimentary jaws
(mandibles and maxille), and from fourteen to thirty-three
pairs of feet (according to the species). This animal differs
from other Arthropods in the two widely separated minutely
ganglionated nervous cords sent backward from the brain;
also in the minute, numerous tracheal twigs arising from
numerous minute oval openings (rudimentary spiracles)

fituated irregularly along the median line of the ventral
smrface of the body. The feet are soft, fleshy, and end in
two claws. Peripatus is viviparous. According to the
description and figures of Mr. Moseley, the young develop
much as in the chilopodous Myriopods (Geophilus). show-
ing that Peripatus is nearer to the Myriopods than any
other group. That it is a tracheate animal was also proved
by Mr. Moseley ; but owing to the nature of the nervous
system and the minute trachese and their numerous irregular

#piracular openings, with no chitinous edge, this form cannot

be placed among the Myriopods. On the other hand, it has

eome features recalling the Linguatulina and Tardigrada, }'-—
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as seen in the soft clawed feet and short wrinkled segments.
It is certainly not a worm, but, on the whole, connects the
worms with the sacking Myriopods, and suggests that the
insects may have descended from forms somewhat like Peri-
patus. Peripatus tuliformis inhabits the West Indies, and
either P. Edwardsit Blanchard, or an undescribed species
about four centimetres in length (with twenty-seven pairs
of legs), inhabits the Isthmus of Panama. The name
Malacopoda was proposed by De Blainville, who suggested

that Pertpatus connected the Myriopods with the Annelids.

There is but a single genus, Peripatus.

Sub-class 2. Myriopoda.—The centipedes and millepedes
are distinguished by their cylindrical body, the abdominal
segments being numerous and similar to the thoracic seg-
ments, all provided with a pair of feet. The head is free,
with a pair of antenn®, mandibles, and usually two pairs of
maxille. The internal organization is simple, like that of
the larvee of insects. Some Scolopendre are said to be
viviparous.

Order 1. Chilognatha.—To this gronp belong the mille-
pedes, Julus, ete. (Figs. 304-307). The first maxille are
absent. The segments are round or flattened, and the feet
are inserted near together, the sternum being undeveloped.
In some forms (Fig. 304, Spirostrephon Copei Pack., from
Mammoth Cave) the body is hairy. They are all harmless.
The eggs are laid in large numbers an inch or two beneath
the surface of the earth. They undergo total segmentation,
and in a few days the larva (Fig. 305) hatches. At this time
it bears a resemblance to a Podura, having but three pairs
of feet, the third pair attached to the fourth thoracic seg-
ment. After a series of moults, new segments and new feet
appear, and thus these Myriopods undergo a distinct meta-
morphosis. The species feed on dead, sometimes fresh
leaves, and on fallen fruit.

Order 2. Pauropoda.—The two orders of Myriopods are
connected by Pauropus, which by Lubbock is regarded as

the type of a distinct order (Pauropoda). Our only species,
Pavropus Lubbockii Pack. (Fig. 309), consists of six seg-
ments besides the head, and the young Pauropus has but
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dominal ot, with
the mew limbs just
budding out; b, new
segments arlsi

tween the penultimate
and the last segment.—
After Newport.

Pig. 307.—Polydesmus cavicola, from Utah
top and side view. a. antenns; b, a segmen‘
and lez; ¢, dorsal view of two segments show-
ing ornamentation ; d, «lde view of two terminal
scgments of the bo&y—all magnified.

ng be- _.

357

N\ T

L.

AN

SN




358

ZOOLOGY.

three pairs of feet, and in this and other respects resembles
Podura. A second form, Eurypauropus, of Ryder, has six

7t

ZmY

l-‘ . 809.-- Pauropus

h d. i?lnM;i‘lr: on-

en-

I} o view of head

and antennse and first
pair of foct.

segments, with nine pairs of feet wholly
concealed from above by the expanded seg-
ments. The antenn® end in a terminal
globular hyaline body with a long pedicel,
as in Pauropus, and the mouth-parts are
as in that genus. E. spinosws Ryder is
reddish brown, and one mm. in lengtb
Order 3. Chilopoda.—This group is rep-
resented by the centipede and Lithobius,
in which the body is flattened, the sternal
region being well developed. In Geophslus
(Fig. 308, (. bipuncticeps Wood) and allies
there are from thirty to two hundred seg-
ments. Our most common form is Litko-
bius Americanus Newport, found under
logs, etc. The centipede (Scolopendra
heros Girard) is very poisonous, the poison-
sac being lodged in the two large fangs or
first pair of legs. S. gigantea Linn., of
the East Indies, is nine inches long. In
Cermatia the body is short, with compound

eyes in the head and remarkably long slender legs. (. for-
ceps Rafinesque, of the Middle and Southern States, is said
to be poisonous ; it preys upon spiders.
Sub-class 3. Arachnida.—The bodies of spiders and scor-
pions, ete., are divided into two
regions, a head-thorax and abdomen,
the head being closely united with
the thorax. There are no antenne,
only a pair of mandibles and a pair
of maxille, with four pairs of legs.
There are never any compound oyes.
The young are usnally like the adult,
except in the mites, in which there Fig.310.—Hesdof
is a slight metamorphosis. In all
Arachnida there is a liver, this organ not being present in
the winged insccts.

il. Muche
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The type of the sub-class is the spider, which is character-
ized by the pos-
session of two
or three pairs
of spinnerets,
which are
jointed ap-
pendages  ho-
mologous with
the legs. Be-
sides traches,
spiders have a
Fig. 311.—Anatomy of a spider, diagrammatic longitudinal so-called lung

section through the body. aw, simple eyes and nerves leadin H
to them from the brain (supra-cesophageal ganglion, n(i)% (Flg’ 31]’ L)’

, mandibles ; {a,, palpus of maxilla ,; /,, first pair of legs,
m,, succeeding p’uirs; K, head ; Br, thorax ; H, hind-body compose d of

or abdomen; R«, heart or doreal vessel ; Z, lung in front of geveral lea;veg’
the np"-mni; of the oviduct &; t!w, ] _mmng‘ulund- (sp) con- ., .
pect with the spinnerets, sp W. The digestive tract is » haded, into which the
and in the abdomen enveloped in the liver,.—After Graber.
blood flows,
and is thus aérated. In Zycosa the blood flows through the
heart from the head backward. There is a great range of
structure, from the lowest
mites to the spiders, certain
mites having no heart, no
traches, very rudimentary
mouth-parts, and no brain,
there being but a single
ganglion in the abdomen.
Order 1. Acarina.—The
mites are the simplest
Arachnida, the body being
oval in form, the head
usually small, more or less
with the thorax,
while the latter is not dif- Fig. 812.—Frodes abipictus from s
ferentiated from the abdo- ggmesliuted moose. The tick natara

v o with blood, and its six-l d young,
men. There is a alight i s s cimeiboiuntd
metamo is, the mite ‘m.. foot with eucker and claws, en-
when -hatehed having
but thrée pairs of legs, the fourth (and last) pair being added

1
Prizer
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after a moult. A typical mite, though above the average
gize of the members of the group, is the tick (Fig. 312),
Izodes albipictus Pack. Closely allied to this is Jzodes bovs
Riley, the cattle-tick (Fig. 313), which baries its head in

Fig. 315. ’t
stomach wlt.h ceca (b, b, b, b exlendl Fig. 316.—Pentastoma  tanisldes.
into the legs.—From Oogenban)r n‘ Natural sige.—From Verrill

the skin, anchoring itself firmly by means of the backward-
pointing teeth of its juws. Other examples of mites are the

cheese and sugar mites (Fig. 314, Tyroglyphus sacchary).
The sea-mites, Pycnogonide, are marine forms, without
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air-tnbes, with four pairs of long legs, into which coecal
prolongations of the stomach pass, as seen in Fig. 315.

817. — Milnesium tardigradum, Fig. 518.—Carolina scorpion (BulAus
ST T S oA TS

The lowest mites comprise remarkable worm-like 4carina,
called Linguatulina. The young are mite- hke, the body
spherical, with boring jaws, and two
pairs of short-clawed feet. Pentas-
toma (Fig. 316) occurs in the lungs
and liver of man, and in horses and
sheep.

The Tardigrada or bear animal-
cules (Fig. 317) are a step higher
in the scale of mite life. In these
singular beings the sexual glands
exist in the same individual.

Macrobiotus Americanus Packard
is common in sphagnum swamps. _ Fig. 819.— Chalifer cancroides.
Like the Rotatoria, these low mites Mg0ifed:
are capable of revivifying after being apparently dead and
dried up.
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Order 2. Pedipalpi.—This group embraces the scorpion
(Fig. 318), the false scorpions (Fig. 319), the whip scor-
pions, and the harvest-man (Phalangium). In all these
forms. the abdomen is plainly segmented, the segments not
being visible in the mites or spiders. Usually the maxillary
palpi are much enlarged, and end in claws. The scorpion
is viviparous, the young being brought forth alive. The
young scorpions cling to the back of the mother. The sting
of the scorpion is lodged in the tail, which is perforated,
and contains in the bulbous enlargement an active poison.
Though producing sickness, pain, and gwelling in the arm,
the sting of the scorpion is seldom fatal.

The little false-scorpions (Chelifer, Fig. 319) often occur in
books, under the bark of trees, and anderstones. The whip-
scorpion is confined to warm countries. FLelyphonus gigan-
teus Lucas occurs in New Mexico and Mexico. Its abdomen
ends in a long lash-like appendage. Its bite is poisonons.
The harvest-men, or daddy-long-legs, are common in dark
places about houses. They feed on plant-lice. Our common
species i8 Phalangium dorsatum Say.

Order 3. Araneina.—The spiders are always recogniza-
ble by their spherical abdomen, attached by a slender pedicel
to the head-thorax. They breathe, like the scorpions, both
by lungs as well as by traches, und the young resemble the
parent in having four pairs of feet.

The development of the spider has some peculiarities not
found in the higher insects. The egg undergoes total seg-
mentation. The germ is somewhat worm-like, as in Fig.
320, then, as in C, the primitive band forms, with head and
tail end much alike. Afterward (Fig. 321) tho head ac-
celerates in development, and the appendages begin to bud
out, six pairs of abdominal limbs appearing and then totally
disappearing, except the three pairs of spinnerets, as if the
spiders were descended originally from some Myriopod-like
form. The mandibles are vertical, and end in hollow points,
through which the poison exudes, the two poison-glands
being situated in the head. The male spider is usually
much smaller than the female ; the latter lay their eggs in
silken cocoons. Tho tarantula (Lycosa) usually lives in
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holes in the ground, and sometimes conceals the opening by
covering it with a foew dead leaves. Our largest spider is
Nephila plumipes of the Southern Btates. The common
garden spider is Epeira vuigaris Hentz. It lives about

A [4
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houses and in gardens ; its geometrical web is very regular.-
'The large trap-door spider (Mygale) has four lung-sacs in-
stead of two, as in the other spiders, and only two pairs of
spinnerets. Mygale Henzit Girard - '
inhabits the Western plains and
Utah ; Mygale avicularia Linn. of
South America is known to seize
small birds, and suck their blood.
There are probably about six or
eight hundred species of spiders
in North America; their colors
are often brilliant, and sometimes,
from the harmony in their colora-
tion with that of the flowers in
which they hide, or the leaves on
which they may rest, elude the

Fig. 821.—Embryo Spider, still
grasp of insectivorous birds. more advanced. This and Fig. 80

Sub-class 4. Hexapoda.—The *r Clpde:

triregional division of the body is better marked in the
genuine winged insects than in the Myriopods and spiders.
They have compound as well as simple eyes; two pairs of
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wings ; three pairs of thoracic legs; often a pair of jointed
abdominal appendages, besides the ovipositor or sting which
morphologically represents three pairs of legs.

There are eight orders, forming two series: first, the
Heterometabola, comprising the Thysanura, Neuroptera,
Orthoptera, Hemiptera, and Coleoptera, in which the meta-
morphosis is either incomplete or complete; the body
shows a tendency to become flattened ; the prothorax is
usually large and flattened ; the mouth-parts (except in the
Hemiptera) adapted for biting. There are a number of
wingless forms.

The second series of orders, or Metabola, comprising the
Diptera, Lepidoptera, and Hymenoptera, usually have a
evlindrical body, with the prothorax small, the mouth-parts
often adapted for sucking or lapping up liquid food ; with
a complete metamorphosis, the larva being worm-like,
cylindrical, very unlike the adult.

Order 1. Thysanura.—The spring-tails (Podura) and
bristle-tails (Lepisma) represent this group. They are
wingless, with some affinities to the Myriopods, and the
typical form Campodea (Fig. 324) is regarded as the ances-

tral form of the six-footed insects, as it is a
generalized type, and forms like it may have
been the earliest insects to appear.
In Podura, tho spring-tail, and also 'n
Smynthurus (Smynthurus quadrisigratus
Pack., Fig. 322), the characteristic organ is
a forked abdominal appendage or ‘‘ spring,”’
held in place by a hook ; when released the
spring darts backward, sending the inscct
herss srpeng ot high in the air.
Enlarged. Our commonest Poduran is Tomocerus
plumbens Linn. (Fig. 323), found all over the northern
hemisphere in North America and Europe. The snow-fles,
Achorutes nivicola Fitch, is blue-black. The Podurans belong
to the suborder Collembola. In most respects intermediate
between them and the Cinwura are the Symphyla of Ryder,
represented by Scolopendrella, which has a head and append-
agos like Campodes, but abdominal legs like a Myriopod.
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The third suborder, Cinura, comprises the genera Campodea
(Fig. 324), Lepisma, and Machilis.

In these Thysanura there is no

spring, but the tail ends in two or

three bristles; and in Machilis,
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