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PREFACE.

In accordance with the requast of the Faculty of the College of Physicians and Surgeons, Professor
Acassiz delivered, in the Hall of that institation, daring the months of Ocuobe; and November of the
present year, a series of twelve Lectures on the various orders of animals. The celebrity of the
Lecturer and the intrinsic interest and importance of the subject, attracted very large and attentive
auditories. Indeed, the degree of attention excited Wy these admirable discourses manifested, in &
very striking manner, the greatly increasing interest with which the popular micd is now directing
itaelf to the investigation of acientific kubjects.

Full reports of these Lectures were given in the columns of the * New York Tribune,” and abundant
evidence was afforded of the high appreciation with which they were received by the public. They sre
now collected together ; and baving been carefully prepared for this publication in & permanent form, it
is believed that they will prove acceptable to all who take an interest in the study of a department of
Science which is daily becoming invested with fresh attractions. The younyg beginner and the more
advanced student of Natura! History will both derive essential aid from the study of these discourses;
as, while teaching first principles in an emineatly lucid and comprehensive style, the Lecturer comma-
nicates also the results of the most recent and elaborate investigations in the latest discovered fields of
philosophical inquiry.

The Lectares, with the exception of one or two, were reported by Dr. HousToN, Stenographer to the
Senate of the United States, and he has succeeded in giving them with literal accuracy, vo as to pre-
serve the characteristic atyle of the Lecturer. The few Lectures not reported by that gentleinen, were

) subjected to a careful revision. Of the engravings it is only necessary to say that they were rapidly
sketched from the black-board during the delivery ofthe Lectures, by Mr. Brydges, with perfect accuracy,
and will be found to contribute essentially to the elucidation of the subjects discussed in the Lectures.
Very many of the illustrations are altogether criginal, and cannot be met with in any of the treatises on
Natural History heretofore published.

Nxw-YoRrk, December 10, 1847.
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BIOGRAPHICAL- NOTICE OF PROF. AGASSIZ.

Louis Agassiz was born on the 2Bth of May, 1807, in a village of the Canton of Fribourg, Swit ‘
-georland, called Mottier. His father was a clergyman, a profession to which bis progenitors for five
generations had been devoted. He received the first rudiments of scholaatic education at the Gymna-

‘\num of Bieoue, where he passed several years, principally in studying the ancient languages. His
3~ passion for Natura! History appeared during this period, and his vacations at home were employed in

Recies

making collections. # His father having removed to a parish on the Lake of Neufchatel, he made fishes
an object of especial atudy. / He went with the fishermen on their excursions, and often, with & line in
hu hand, passed whole days on the Lake. He soon discovered how defective Natural History was in
thll department, and resolved to make good the deficiency.

Having completed his studies at achool, his father wished him to become a clergyman, but his natural
bent wau too strong to be resisted. He accordingly commenced the study of Medicire, as being mosg
nearly connected with his favorite pursuits. At the Academy of Zurich he received great assiatance in
his Zoological investigations from the well-known Professor Bchinz. Afterward he stadied Anatomy
at Heidelberg, under the celebrated Tiedemann, until, attracted by the remarkable body of savans
collected at Munich, he resorted thither to continue his studies. Here he passed four years, rathér
a8 an associate in the private studies of the Professors of the University than ss a student under
their instruction. He also collected around him a knot of young men of kindred spirit with himaself,
for the discussion of scientific subjects, and into this assembly, which was called the “ Little Academy,”
even the Professors were drawn.

At this time Agassiz made his first appearance as an autbor, and in the most honorable manner.
Martius, one of the Professors at Munich, was occupied in preparing his great work on the Natural
History of Brazil. To Agassiz he confided the department of Ichthyology; this portien formed a folio
volume, in Latin, with plates, and at once established the reputation of the young Naturalist.

His parents, who had long been dissatisfied with the devotion of their son to Natural History, which
withdrew him almost wholly from his medical studies, now cat off the allowance on which he bad
depended for a living. In this emergesncy he fell back npon his own resources. He exhibited to the
bookseller Cotta the material he had collected for a work upon Fresh-water Fishes, and obtained from
him the means of completing that work. At the same time he retarned to Medicine, in order to regain
the favor of his parents, and with so much success that he shortly after obtained the degree of Doctor.
Bubsequent to this he passed another examination, and received the degree of Doctor of Philosophy.

Having been restored to his former relations with his parents, he received from them permission
to visit Vienna in order to complete his medical studies. He did not, however, neglect his favorite
pursaits, but, as before, oscupied & great part of his time with Iehthyology, and especially with the
department of Fossils. On his return home, ke obtained from a neighboring clergyman the means of
visiting Paris. There he became intimate with Cuvier, who even resigned to him a work on Fishes
which he had long designed, and for which he had made extevsive preparations—so high was his
estimate of the gifts and learning of the young man. He remained with Cavier until his death in 1832,
when he returned to Switzerland and became Professor of Natural Hiatory in the College of Neufchatel.

Before he had paased the age of thirty-four, Agassiz had been made a member of every scientific
academy in Europe. Many universities invited him to become one among their Professors; and the
cities of 'Edinburgh and Dublin, in both of which he received the degree of LL.D. enrolled him in the
number of their citizens. His personal influence induced several persons of distinction to engage in the
atudy of Natural History ; among others, 8ir Philip Egerton and Lord Enniskillen, whose collections are
known to all paleontolngiats.

The reputation and influence of M. Agassiz hive rendered the little town of Neufchatel a nursery of
Bcience, resorted to from all parts of Europe; and on his recommendation a young pupil of his, Dr.
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Tachudi, who bas since become known by his work on Peru, was dispatched on a voyage round the
‘world, to collect objects of Natural History.

In order to confirm the Glacial Tneory which has made bis name so famous, M. Agassiz, after having
visited in succession most of the glaciers, fixed his beadguarters at the glacier of the Aars, whither he
went with his friends to pass his summer vacation for eight years consecutively ; at first with no shelter
-except & large boulder Jying on the middle of the glacier, which soon became famous under the name
of the Hotel des Neufchatelois. Here he prosecated the long series of researches which have since
obtained so mach celebrity in the scientitic world.

Occupied with these investigations and with his regular duties. Prof. Agassiz remained at Neufchatel
until his visit to this country. This visit was undertaken at the double instance of the King of Prussia,
who charged him with a scientific exploration of America, and of the Lowell lnstitate in Boston, before
which he was invited to deliver a Course nf Lectures Bince his arrival he has been offered a Profes-
sorship of Zodlogy and Geology in Harvard College which he has accepted on condition of being
relessed from his engagement with the King of Prassia.

Professor Agassiz is personslly & man of very atriking and prepossessiug appearance. He is tall, and
formed with as much strength as elegauce, with a rather fl rid complexion and dark hair. In his
manner and bearing there is & singular grace and beuignity.

His principal work is on Fossil Fishes, in five folio volames, with an atlas of plates. It is dedicated
to Alexander von Hamboldt, and has & very high and extensive reputation. He bas also written on
the Fossil Echinodemata of S8witzerland, on Fossil Moliuscs, on the Fresh-water Fishes of Central
Europe, on the Glaciers, and nn other aubjecta.

The rapidity with which these works have appesred, and the research and learning which they all
display, would be inexplicable had no other hand than that of their distinguished author been concerned
in their prodaction In 1837, M. Agassiz assucirted with himself & young Naturalist, M. Desor, with
whose valuable assistance his labors have since been prosecuted. By this means mach more has been
accomplished for Eci and the world than could have been done by any single individual, however
highly endowed. :




THE ANIMAL KINGDOM.

INTRODUCTORY LECTURE.

Natural Higtory—Its Study and the Lighta in which it may and should be viewed....Man may expect fully to under-
stand Nature....Man’s Body similar to the Bodies of Animals—The Cause....The Varied

ypes of Nature—Aston-

ishing Variety of Animals—difficulty of at first perceiving any order in them....The Star-Fish....The Corals..... The
Jelly-fish..... Clams, Worms, Spiders, Crocodiles, Bats—Their great apparent Dissimilarity and yet mu.:lyl of them

of the same type—The Lobster, the Spider and the Butterfiy—The Cuttle-fish, the Spail and the Clam

allied—

The Coral and the Jelly-fish....Soft Animals and their Powér of Contraction....The respective Nervous Systems

of the different Types of Animals....Origin of the applied terms, Articulata,Vertebrata,

The different Setsof Organs in these different Animals.

Dr. A. H. BTEVENS introduced the lecturer to the
assemblage in a few complimentary remarks.

Prof. Agassiz then presented himself to the au-
dience, and, in a singularly agreeable voice and
marked foreign accent, delivered the following
Lecture :

LADIES AND GENTLEMEN: Having to address
you in & foreign tongue, I must first apologize for
the deficiency of my language. Happily, however,
Nataral History has aninterest entirely apart from
the form in which the subjectis presented to the
student. The investigation of objects of Natural
History does not need the aid of rhetoric to invest
it with attractive charms; and the mind may trace
these phenomens even without putting them into
a definite form, and, therefore, the mode of expres-
gion employed in conveying the results of such in-
quiries is not 80 important as it would be in a lit-
erary work. I shall do all in my power to make up
for the deficiency of my power oflanguage, by the
interest directly derived from the subject itself.—
(Applause.)

Natural History may be studied in very different
points of view. Bome may consider it as a source
of information for useful purposes. The wealth of
Btates depends frequently on the knowledge ac-
quired by individuals of the structure of the soil.
The working of mines has become an actual basi-
ness since Geology as & science has given us the
key to the investigation of the deeper regions un-
der the surface of the ground. Many trades de-

end on the knowledge of certain phenomena of

ature. Even Navigation is the result of scientific
investigation and discovery; end, at this time par-
ticularly, the vastly increased facilities of frequent
intercourse between nations have been the result of
the recent progress of natural science—of physical
mcience especially. Thus, though viewed in this
strietly utilitarian aspect a sufficient inducement
may be furnished for the atudy of Nature and
of the objects of Natural History in particular,
the subject is yet to be regarded from a more ele-
vated point of view. It is not enough for & philo-
sophical mind to know the natural phenomena. 1t
may be enough to know some isolated phenomena in
order to derive important aid in the arts, but to the
philosopher such superficial acqnaintance with Na-
ture is not sufficient. He wauts to understand Na-
ture. He is pot satisfied with the knowledge of
isolated phenomena.

‘When I say that the philosopher desires to un-
derstand Natare, 1 will perhaps better explain my
meaning by an e;nmple. ‘When we enter on the

wsta and Mollusca. ...

study of an author we may begin et a very low
stage. With one of the clasaic Poets of antiquity,
for example, we may begin by translating sentence
by sentence, with great difficulty, and in this way
we may go through the most beautiful language of
ancient poetry. But would it by any means follow
because we have thus spelled over the peges
of Homer, that we understand him? Another and
a higher sort of mental process isrequisite to en-
able us to know, to understand, that sublime author.
1t is only when we have become acquainted with
the condition of human society in that age—the ri-
valry which existed between the nations of Asia
and Greece—and the mythology of that remote
time, that our sympathies approach the level of
the poet’s work and our hearts own the influence
of the poet's spirit.

So it is with the study of Nature. We may
know by their name a great many animals. We
may be able to indicate with accuracy the charac-
teristic differences between the various tribes of
animals. We may be able to distinguish the
trees in our foreats and the plants cultivated in
our gardens; nay, we may know any isolated
plant that flourishes upon the surface of our globe,
and yet we may after all know nothing of the plan
of creation. There is a higher point of view from
which we.attain a deeper insight into that plan.—
W e must understand the counection between the
various parts of Creation, and, rising higher atill, di-
rect our contemplations to the Author of all, who
has formed the whole and sabjected it to all those
modifications extending through long ages which
Geology has revealed, from the remotest epoch u
to the period when Man was created and introdnceg
apon the surface of the globe with the animals and
plants which we gow behold.

Understand, then, that the study and knowledge
of Nature consist in something more than ac-
quaintance with the isclated beings which exist
upon the surface of our globe. We must under-
atand the connections existing between these be-
ings, and the relations which they sustain to the
Creator of them all.

But the question may be asked, is it possible
for Man to acquire more than a saperficial inaight
into natural phenomena This queation has been
answered in many different ways. Some have
maintained that all wecan expect to come atis an
artificial classification, agreeing in & greater or less
degree with the natural phenomene ; that a real
insight into all the varied departments of Nature
by man is unattainable. But if we view the pro-
gress of natural science, and observe the investi-
getions made in every succeeding generation in the
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matter of igolated phenomena—if we bear in mind
how many things which appear isolated have been
combined into one and the same point of view, we
are furnished with a strong ground of hope that it
will be given unto Man to attain that insight into
Nature.

There ia another reason why Man may expect
fally to understand Nature. We feel in ourselves
that we are not mere matter. We have a soul.
We have an intelligence. We have feelings by
which we are in connection with each other. These
foelings—that intelligence—carry us beyond the
limits of our globe. We thus rise to the notion of
@ God. We bave that within ourselves which as-
sutes us of a participation in the Divine Nature;
and it is a peculiar characteristic of Man to be able
torise in that way above material Nature, and to
understend intellectual existences. The possibility
of obtaining an insight into Nature is thus strength-
ened by the analogy between the Human &nd Di-
vine Natures. On that principle, Man being made
in the image of God, it is possible for hisintelligence
to comprehend the doingsof Godin Nature. Hence
by a constant intercourse with these works—by a
Natural Religion—by a constant study of these
works of Creation, we may come to understand the
views, the objects of the Creator in doing these
works—in introducing these phenomena as realities
jnto existence. We may, in one word, come to &
full understanding of Nature from the very reason
that we have an immortal soul.

Aguin, our body is g0 similar to the bodies of ani-
mals. The organization of our body discovers in-
timate relations with their tphyaicnl condition. We
paas from the lower type of animals so gradually
to the higher, until we find Man, with his superior
organization. Thus on one hand we see that
owing to the intellectual nature of Man he has pe-
caliar relations with the Author of all things, while
on the other hand, from his physical nature he has
& root in the soil—a material foundation, and hence
both the intellectual and the material worid is laid
open to his contemplation, affording substantial
grounds for the belief that he is competent to at-
tain a full understanding of the works of creation
and the plan of God when bringing the world into
existence.

That nil this creation has not been the reault of
one creative act, we know from geological ob-
servation. This globe—the animals which exist
upon it now—have not been brought into existence
at one moment. W e have learned from geological
observation that a long series of epochs have suc-
ceeded each other, and that during every epoch
animals and plants, organic beings of various types,
were successively living and died away. to make
room for others, till the surface of the globe was oc-
cupied by the animals and plants which now ex-
ist with Man as their head.

The most superficial knowledge of those pheno-
mena soon gave rise to the notion that the intro-
duction of Man has been the objeet of the creation
of this globe, and the position which Man now oc-
cupies upon the surface of this globe is such that
this notion appears to us quite natural. I think it
may be shown by actusl demonstration, as far as
physical phenomena can be demonstrated, that the
view of the Creator in forming the globe—in al-
lowing it to undergo these successive changes
which Geology has discovered, and in introducing

adually all these different types of animals which
ng;ve passed away, was, after all, to introduce Man
upon the surface of our globe, and to bring him into
connection with the other organized beings and
with the soil in connection with which he does
now exist.

There is one reason to helieve that this is so. That

reason is this:FWe see from every point of view in
which we may regard the Animal Kingdom—and I
shall from this moment limit all my remarks to the
Animal Kingdom, in order not to trespass beyond
the bounds properly set to this discourse—we
see that Man possesses the most complex and
most perfect structure. Even his position is re-
markable and significant. Man's erect position in
standing or walking shows that he is placed at the
head of creation. All the lower animals have &
horizontal position. The fishes move horizontally.
Gradually as we ascend in the scale of animated
beings we behold them raising their heads a little.
Snakea have no feet, but they are able to elevate
the head; and if we proceed farther we find suc-
cessive types in which the position bécomes an
oblique one, until the head is raised more perpen-
dicularly. But to Man alone is given the most im-
ortant position—the vertical position, which allows
Eim to make use of hishand and fingers and to raise
bis eye directly toward the heavens. In this very
position—in this material construction of his body,
we have an evidence of the superiority of man. Bat
in every respect, if we consider his atructure; we
see that Man stands at the summit of animal bein,
—and that itis just so to regard Man as at the he
of Creation, will be one object of these Lectures.

Again, if we consider the construction of animals
upon the sarface of our globe, we will find that the
lower types have been first created—that they
belong to the most ancient rocks—that the deepest
rocks contain none of the higher animals, and that
gradually some more perfect types were introduc-
ed till atlast Man was created, and it may be shown
geologically, by actualinvestigation and withoutthe
slightest reference to any historical or sacred tra-
dition, that Man has been created the last.

Again, if it cannot be shown from this point of
view that the introduction of man was actually the
object of the Creator, it may be at least shown
that Man was the last and most perfect work that
proceeded from His almighty hand. Butthat it
was actually the object of the Creator to introduce
Man at the head of the Animal Kingdom can, I bope,
be shown by combining the knowledge we have
acquired with regard to his physical structure, and
his relations with the different other classes of anj-
mals and with the surface of the globe at large.
At no time do we find in geological epochs a spe-
cies spread all overthe surface of our globe. Every
type of animal—every variety of animal, occupies
in the geological epochs only a small portion oF the
surface of'the globe. This fact holds true in all
geological times. Before the animals now living
were created—when races entirely different from
them existed, every species waa circumscribed
within narrow limjts, and in no case occupied the
whole surface of the globe. No one of the species
of former epoche was superior to the whole type of
its time. At no geological epoch do we find one
species standing preéminent above others. But at
this present epoch, we find not only that Man stands
preéminent above all other apecies, but that he oc-
cupies the whole surface of our globe; and in this
respect he appears to be of a superior organization
end endowed with privileges which no type ever
enjoyed before him.

But I will not dwell on those general questions
without sonse more precise foundation. 1 shall at
once proceed to call your attention to the varied
types which exist in Nature, so as to have actaal
facts upon which to reason. I desire that the state-
ments with which I set out may be regarded as
the results of investigation and not as matter of
mere speculative apinion.

There is an astonishing variety of animels u
the surface of our globe. This variety is auch that
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it is very difficult for the student who for the first
time directs his attention to the subject, toperceive
any order. It is impossible at first to perceive the
intimate affinities and the near relations which sub-
sist between all these varied formations.

Ihave here some diagrams giving outlines of a
few of these formations. Ijustname the subjects
before passing to their characteristics. Here we
have the common star-fish ofthe Mediterranean
Sea. Here we have one
of those jelly-fish g0 com
mon in temperate and warm
latitudes. This is a species
common in the Atlantic—one
of the species whose sub-
stance is more or less phos-
phorescent. Here is a coral
of the Red Sea—a very com
mon species. Here is a cut-
tle-fish, common on the west
ern shores of France. Here = LN
are different species of snakes, some trom the Kast
Indies and one from Central America. Hereis aclam
very common on the south-west shores of Africa—
not the common species. Here is the common lob-
ster. Here is a worm, of that species having colored
blood. Hereis a spider. Here are several skele-
tons of vertebrated animals—an hyena—an ostrich
—a crocodile—an enlarged skeleton of the bat. I
do not mention two of these animals, because al-
though represented so perfectly, they are not now
in existence. Thefv are nowhere to be found on
the surface ofthe globe ; but these representations
have been made from preparations most skillfull
completed by attaching together isolated bones col-
lected in the neighborhood of Paris, and arranged
into a complete animal by the wonderfal attain-
ments of Cuvier in comparative anatomy. Thus
these long extinct species of animals are as well
known to us as if we had perfect specimens of
them in our museums.

Now;, on looking at these diagrnms the beginner
in Natural History will be struck by ths great appa-
rent dissimilarity between animals which yet be-
long to the same family. Thus, how :
little apparent resemblance be-
tween the star-fish and the coral!
Then again, the'cattle-fish, the snail
and the clam appear to have little
in common, and yet the affinity be-
tween them is 80 close that the)
appear to the naturalist as mem-
bers of one and the same family.
And again, the worm, the lobster.
the spider and the butterfly be-
long to one and the same tribe. N
The common earth-worm is more intimately al-
lied to the crab or the butterfly than to a snail or
slug. One might think that the leech and the slug
were of a very similar class. Not so. Mere ex-
ternal appearance alone conveys an idea of iden-
tity. There is by no means any actuaal relation be-
tween them. The animals represented in the other
diagrams constitute a fourth great division all ulti-
mately allied. The fish and the bat—the crocodile
and the ostrich, belong to one great type; and the
characters by which they may be defined are not
artificial characters. They are not distinctions in-
trodaced by Man in order to facilitate his under-
standing of those subjects and to make his classi-
fication easy. This intimate relation between them
is a natural one, derived from their internal char-
acter.

It is very obvious that here in this star-fish, the
starlike rays constitute the prominent charac-
teristicc. ‘The rays proceed from the centre.—
The same character is perceived in the coral and
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jelly-fish. Here you perceive a similar radiated
arrangement of the parts. The common character-
istic of this order of animals is this radiated ar-
rangement from the commmon centre, the mouth.—
The star-fish has at the lower surface an opening
through which the food is introduced : precisel{
the same arrangement is seen in the jelly-fish,whicl
has & quadrangular mouth ; s0, also, in the case of
the polyp, surrounded by these fringes or tentacu-
lze. In consequence ofthis pecaliar -

ity these amimals have been de-
nomnated Radialed animals.

The next type contains animais
which have very soft bodies anu
' have the power of contracting
| themselves very much. If you se:
| & snail contract itselfand entirel)
| disappear at the bottom of its shell.
i and again, if you see it grow ou
enlarging and expanding itself s
as to have apparently twice the ;
size of the shell itself, you will congider thar this 18
a faculty which no other type of animals pos-
sesses in such adegree. No bird can swell its bod,
to twice or three times its natural size. No quad-
ruped can do that; no insect can do it. It is only
in these animals that we see 80 considerable ex-
pansion and contraction. Again, the movements of
this type are very sluggish. No one of them can
jump or run; they can only creep upon the soil by
successive contractions of the body. few can
swim, but when swimming they are moved in a
peculiar mode by means of those appendages round
the head. Even these have the power of contrac-
tion in a degree which no other type of animal pos-
sesses, and even here [pointing to the cuttle-fish]
the locomotion is owing to this contraction.

The whole body of this class is covered by a
dense mucosity, and this mucosity mskes these
animals very unpleasant to the touch; and it is a
peculiarity of this substance tocontain a greatdeal
of mucus, which, to some, has a very agreeable
taste, so that & great many of this type are among
the eatable animals. Nevertheless, a great major-
ity of them please only in consequence of the
beanty and value of their covering. For instance,
shells, for many centuries, have been one of the
subjects of greatest attention among naturalists,
and extensive collections of these coverings have
been made everywhere, while the animals them-
selves have been much neglected ; and we do not
P in our collections the soft parts of these an-
imals, which would enable usto know them perhaps
better than we do by their shells. In fact, when
we attempt to classify them from the shell, it is not
more reasonable than if we should attempt to form
8 correct notion of the character of & people by look-
ing at their coats! /Laughter.)

The softness of this class of animals is one of
their main characteristics, and they are 2all sym-
metrical. They have a right and left hand side,
an anterior and a posterior extremity, an upper and
a lower side. From the softness of their bodies
these animals have been called Mollusca.

[Here the learned Professor demonstrated the
nervous system of this type by several diagrams on
the board which he explained to his audience.]

In the next type, we find togetherthe lobster and
the butterfly ! Nothing seem more dissimilar than
the worm and lobster, and yet the structure is the
same. The body of each is formed of rings, each
moving on the anterior and posterior ring. The
rings may vary in hardness. All do not possess
rings so hard asthose of the lobster. Some lobsters
even have soft shells. Bome animals of this clasg
have coverings as soft as the coverings of the bgg.
terfly. If we examine the body of any insect, the
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spider, the butterfly or the grasshopper, we find
that it is divided into such a series of rings, each
movable onthose anterior and posterior to it. Even
in the worm—the leech—we have such rings, only
in them they are very soft. Thus we have already
one character by which we can combine the worm
with the crab or with the spider. Between the spi-
der and the insect with winga there is scarcely any
difference but that constituted by the existence of
wings. The wings are appendages of no great im-
portance when considered with reference to the
general organization of these animals.

But the more striking and important difference
between these two types is againto be seenin
the nervons system: and it iz & matter of no little
importance that the greatest difference between
animels should be perceived in the nervous system
~——in the system which presides over the most im-
¥ortant faucrions of animels, and by which their

mcuities are "exbibited. That again has the mosat

striking character; and always the same arrange-
ment of it, and the same relations to the other or-
gans are manifested whatever may be the exter-
nal form of the animal.

Now the nervous systems of the worm, spider and
crab are o similar that no difference will be per-
caived except by those who have paid some atten-
tion to these subjects. [Here the learned gentle-
man illastrated the nervous system of this type by
diagrams on the board.] In the worm it will be
seen there is one nervous ganglion above the intes.
tine, and all the c : - .
others below— Garsx
as many active e
centrea of ner-

“vour influence as there are rings. ‘I'bis atfurds an

explanntion of the well known fact that mauny of
these animals may be cat into pieces and yetretain
the power of regenerating the portions removed
from the diffusion of the nervous inBuence through
these different parta of the animal.

These details may appear very anatomical, and
have little reference tothe knowledge of animals in
general, but T hope it will be geen that without
mach e foundation it is impossible to come to an
understanding of the Animal Kingdom—without
which we cannot arrive at & knowledge of our
own nature. The materiel, physical condition of
our own existence can by no meauns be understood
without a distinct and accurate idea of the struc-
ture of the inferior animals. There is really no in-

herent dificulty in these subjects. Children might
just as easily be instructed in this department of
natural science as in those subjects which usually
occupy the first years of tuition. (Applause)

The type of auimals to which I have justdirected
your attention is called, fromthe pecaliarity pointed
out, the Articulata. .

The fourth type contains those animals which
havae this bony trame in their interior. Thoughonly
the hard portions are represented in the diagrams,
yet all bave recognized the ostrich and the croco-
dile. These avimels possess what is called a* back-
bone’—a continuous column of bones from the head
to the tail. Under this column is & large cavity in
which the orgaos of respiration and the intestines
are contained. Onthe anterior part of the body is
the mouthb—the opening of the intestinal tube ; and
the nose, the beginning of the regpiratory organs.
Yet this is not the only cavity in tge body of this
order of animals. We have in them the beed, the
cavity in which the brain is contained. We have
beside all along the bony column a cavity in which
is contained a substance called the spinal marrow,
forming anotHer nervous centre. We have in fact
two cavities of the body—one above and the other
below,

This type of animals hes received the name of
the Vertebrata.

8o we have four great tribes of animals charac-
terized by peculiar external appearances as well
as by internal differences, of which the nervous sys-
tem presents as distinctcharacteristics as any other.
Thus, the location and arrangement of the nervous
system in the rertebraled animals present an essen-
tial difference from the other types. In the Radiata
and Mollusca and Ariiculata there is but one cavity
in which the nervous system as well as the organs
of respiration, of circulation and of digestion are
contained; while in the verfebrated animals the
two sets of orgaus, those which preside over the
fanctions of the wiil and those which preside over
the functions which maintain the body in its natura!
system, ere distributed in two different cavities;
the more important being in the upper and the oth-
erinthe lower.

In the next Lecture I shall proceed to show that
notwithetanding this great variety of form in the
Animal Kingdom—notwithstanding the great differ-
ence in external appearances—these animals—all
of them in their types—are constructed on one and
the same identical plan. (Applause.)

P ——

LECTURE IL

Infinite Wisdom displayed inthe Animal Creation....The Structure of Radiated Animals....General Division of thu
Type....The Po yps. ...Their Mode of Subsistence and Digeation....Mode of Reproduction....Have the Polypaa

Nervous System?’.... Coral Reefs.

CLASSIFICATION OF THE RADIATA.
I..PoLyrl....... S (Many tentacles.)

1. Actinoide ..-(Ray.)
2. Hydroide. ..(Hydra-like.)
II..ACALEFHE.. .{Nettle skin.)

1. Siphonip, .(Siphon-bearing.)

2. Discophere. .(Disc-besring.)

8. Ctenopherc..v..,eess.{Having the tins of a crab.)
J11..ECHINODERMATE. .ccuut ..iSkin with spines.) *

1. Asteroide. ... .{Star-like.)

2. Echinide... (Ses-eggs.}

S. Holothuride... (Worm-like,)

LADIES AND GENSTLEMEN: In beginning these
Lectures I endeavored to show that the student of
Natural History should aim at & higher object than

the mere knowledge of isolated Phenomena—=that
even the study of an accurate classification is not
the highest point to which our effort can arrive.
There is & more elevated view of the study of Nas-
ture then that, which we should always keep in
sight when we enter on such a field of inventigs-
tion. It is toconsider Nature as a development of
the thoughts of the Creator. Regarded in that
aspect every object at once assumes a greater im-.
portance, and becomes invested with new and au-
perior value in our eyes.

There was another point which I touched, baton
it I shall not now dwell, as I shall repeatedly have
occasion to show that it is the true view in which
we should prosecute theae studiex——and that was,
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that there is a plan, a general plan, in the works
of Creation. ¢ will be able to show that even
isolated classes are made according to one precise
plan; yea, that we must refer at once the creation
of these things to the understanding of a higher
Power, a greater Wisdom, than man’s power or
man’'s wisdom. )

After these preliminary remarks, I proceed to
ghow that the Animal Kingdom is constructed nc-
cording to four different modifications of the ar-
rangement of the parts.

‘What naturalists intend when they speak of
what they call ““types” of the Animal Kingdom
may be easily understood by comparison. We all
know that architects construct our dwellings ac-
cording to plans conceived by them before the erec-
tion of the edifice ; and if we take a2 general view
of the works of domestic architecture we shall see
that they all agree in one respect. They are spaces
circamscribed by walls, covered by a roof, and are
designed to aflord shelter, comfort, and even all the
luxuries of life. All these structures, from the
humblest hut to the proudest palace, agree in this
general object, and we may say that they are all
constructed according to one plan, though it may
be subjected to endless variety of modification.

Again, those who have studied and practiced
music know very well that they can, from a fanda-
mental harmony, produce a great many variations,
and {et among these variations they will very
readily recognize the principaltune. Well, in Na-
ture we will readily discover one fandamental har-
mony throughout the works of Creation, and we
will soon perceive that the variations of the differ-
ent types can all be reduced to that general princi-
ple. Nay, we can go farther and recognize in these
four types a fandamental idea which is common to
all. The fundamental tune in the Animal Kingdom
is life, while the endless varieties are the thoughts
of the Creator diversified in an infirite degree, and
all in such a way as altogether transcends the in-
telligence or even the fancy of Man. Thus, in
whatever way we regard this subject, our contem-
plations must alweys at last fix onthe great Archi-
tect of the Universe.

These four plans are, as I mentioned; first, the
Vertebrata, to which Man belongs, and the higher
animals a8 we call them, the mammalis, birds, rep-
tiles and fishes. They all agree in one respect—
that they have an internal frame of bones surround-
ed by flesh, and that under this covering of hard
and goft parts there are cavities containing the
viscera—the different orgaus by which we digest
our food, and breathe, and by which the blood is
circulated ; and another cavity above that contain-
ing the organs of the higher functions of animal
life, the brain and spinal marrow, the organs of
sense, the nerves. This type has an arrangement
of parts which may be expressed by & very simple
formula; and as chemists have adopted formulm to
exprese the composition of inorganic bodies, we
may adopt formulee to express the general struc-
ture of organized beings. A figare, then, like the
numeral 8 would express the general arrangement
of parts in all vertebrated animals. The centre of
the two bodies being the body of the vertebral col-
umn; the wpper arch, or cavity, representing the
cavity coutaining the brain, and forming the upper
region of the animal, and this lower cavity contain-
ing the viscera—all surrounded by fleshy parts
from which some appendages in the higher animals

proceed to form the limbs. I shall have occasion
to show how the arms and legs all conform to the
different arrangements of the Vertebrata. We can
trace these moditications from the lower type of
fishes, where the arms continue attached in contin-
uous form—or snakes, where there are no external

legs, nevertheless there are some such organs of
locomotion connected with the walls of the body.
All these analogies may be traced and be actually
shown by direct demonstration.

The next type is that of the Articulata : then
there ig the Mollusca, the third ; and the Radiata,
the fourth type. All these three types agree in one
respect, that their organs are contained in one and
the game cavity. There is but one cavity. But
the nervous system, as I showed, differs inits gen-
eral arrangement, and ali differ in another essential
poiat—in the mode in which they are formed.—
When speaking of the formation of animals within
the egg, I shali have occasion to show how fundea-
mental are these differences. They are such that
the germ of an articulated animal is formed just re-
versely to that of the Mollusca. These differences
in the formation of the animal have been traced in
80 many animals from the egg up to the period of
full growth, that there can be no doubt on the sub-
ject, and there can be no doubt that the peculiarity
in the location of $he nervous centre in the lower
portion of the body of the Articulata has reference
to the mode of formation of the germ aund develop-
ment of the raw individual.

These facts may be very readil{ observed in the
eggs of the crab and the spider. It is more difficult
to investigate this in the eggs of insects, because
they are not so transparent. In them the delicate
process of the formation of the new individual ig
not easily traced. Butin the crab it is very easy
to observe it. I need hardly say that this is one
of the most interesting and wonderful things in
the study of the Animal Kingdom.

In the first type, all the partsfbranch as it were
in all directions and form a radiated animal ; and
in these different rays we see sacs of thealimentary
canal, sothere is noanterior and posterior region, ow-
ing to the general adaptation of the parts to the gen-
eral arrangement. Perhaps the differences which
are notorious between the form of types may not be
easily comprehended now, but I hope when enter-
ing into more details with reference to the atruc-
ture of the various types to make this part of the
subject better understood.

My object in this recapitulation was to show that
this division of the Animal Kingdam was really
based on this intimate structure—ou the very foun-
dation of the plan according to which they have
been constructed; and that this division has not
been adopted merely for external differences per-
ceived between the variousftypes of the Animal
Kingdom.

I shall now proceed to demonstrate the structure

“of the radiated animals.

My object in beginuing with the lowest type of
animals is to show how wonderfully organized are
those beings even which occupy the most inferior
condition of existence. Their organization is in-
deed o simple that for a long time they were con-
sidered as wanting in internal structure, Butmore
minute investigation has shown that even the low-
est of the radiated animals have a structure infi-
nitely more complicated than was at firat supposed.
They all agree in one respect—they have all a radi-
ated form,

I have here before me one of those animals which
show this radiated appearance most distinctly. It
is a atar fish, of the common species, found livin,
on the American shores of the Atlantic. All radi-
ated animals have not this radiated appeerance so
distinetly marked; but in most of them it can be
readily perceive(k hen they are subjected to suf-
ficient observation. Insome it is traced with diffi-
culty, owing to the very minute size of the animal.
There are a great many of the radiated animals
whose entire length is scarcely a line or even less
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than that ; but there are cthers again, such as the
star-fish, whose size is 80 considerable as to amount
to one or two feet diameter.

.The whole type of radiated animals may be di-
vided into three classes: the polyps, containing the
coral; the jelly-fishes, and the star-fishes.

In their external appearance these classes do
not differ very much. [Here the lecturer directed
the attention of his auditors to several illustrations
of the various classes of radiated animals.] But
in their internal structure they differ widely. All
polyps have one single cavity in which all the or-
gans are contained; and all these organs consist
only of a large stomach and some groups of eggs
arranged around the stomach. By means of their
tentacles theg seize on their prey. In the centre
is the mouth. Here is the general substance of
the body, formed of fleshy material, its walls being
vertical lines. This animal is very soft in its sub-
stance. It is fleshy, and when touched contracts
suddenly. It closes its tentacles entirely when
touched ; its mouth is also contracted in that case,
and assumes a_spherical form, showing no trace
whatever of the beautiful external appearance
which lyou see represented in the drawing. The
vertical folds which are here scarcely perceived
become marked and distinct.

If such an_animal be cut vertically, you will see
that it contains one large cavity, with a wide open-
ing below. Through that opening you —
enter another cavity. The waﬁn of
these cavities are folds which are the [@
partitions running to the periphery.
Bome of these folds will not run to the
stomach, and form only subdivisions of
the principal partitions. Between the
two cavities there is, as I have said,
a wide opening. This sttucture is
common to all polyps. The organiza-
tion of this class is now pretty well I ;
known, though it has not been long studied with mi-
nute attention. This augmented knowledge of po-
lyps is owing to the efforts of the naturalists of the
Exploring Expedition of this country under Captain
Wilkes. (Applause.) Valuable contributions to this
department of Natural History have also been made
by Mr. Dana. His work must always be a standard
authority. (Applause.)

On entering into some more minute details of
these animals, it will be seen that this organization
is very interesting. We can here trace the ani-
mal functions in their lowest condition. How do
these animals live? The food is seized by these
tentacles. The whole surface of the tentacles ig
covered with microscopic vibratory cilia—little,
soft, projecting hairs, so minute as to be discerni-
ble only under a microscope of very considerable

wer. Unless you apply two hundred and fifty

iameters—which is a very considerable power—
you can scarcely perceive these little cilia. But
under such 2 magnifying power you see the entire
surface of these tentacles covered, as it were, with
bairs, and these hairs are in constant, incessant
motion in different directions. A continuous
current of water is thus maintained by these
minute appendages. Here again, in the open-
ing, these vibratory cilia are constantly in motion ;
and in the internal cavity there are also seen vibra-
tory cilia moving constantly. They are notunder
the control of the nerves—not uuder the control of
the will. They move incessantly. From the mo-
ment the animal escapes from $he egg, and even
when within the egg. they are in motion. During
the whole period of life these cilia do not cease to
move. They act by day and night. Daring the
reat of the animal, as well as during the more ac-
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tive periods of its existence, these unwearied or-
gans are at work.

Now, it is owing to the action of these cilia that
minute portions of organic matter are introduced
into the animal’s mouth. A considerable space of
several incLes in diameter is_swept by these ten-
tacule. All the little particles—imperceptible to
the eye—of animal matter, of decomposed vegeta-
ble matter, shells, and so on, are thus brought into
the mouth, and thus food is supplied to the animal
incapable of moving or running after other prey—
This is the mode in which Nature has provided for
the sustenance of these animals.

But beside this mode of alimentation, these ani-
mals can contract their tentacles and seize upon
large prey. Polyps of a few inches in diameter will
seize a fish, surrounding it with their tentacles and
introducing it into their mouth, after which it is di-
gested very rapidly. Now this mode of alimenta-
tion is performed ina very interesting way. The
tentacle of such a polyp is a very complicated
structure. I had an opportunity lately to study
its microscopic structure, and I have found that
each tentacle, examined under considerable micros-
copic power, is a tabe whose walls are formed of
longitudinal muscular fibres—fibres similar in struc-
ture to the muscles of the higher animals. By their
contraction these fibres can shorten the tentacle in
all directions; or if excited only on one side they
will carve it on that side. Then, again, there are
other circular fibres around the whole tube, and

| these pull the tentacle in succession, so as to elon-

gate it to them in four times its usual length. Thus
the animal is enabled to seize upon larger prey.
Buchis the mannerin which the food is intro-
duced into the internal cavity. This cavityisa
simple sac, and even a sac which is open at both
ends. But then the ends may be contracted and
shut at the animal’s pleasure. When the whole
animal is contracted, both these openings of the
stomach are shut, and when the animal has filled
its stomach with food the lower opening of the
stomach is closed. But as soon as the food is within
that cavity it comes in contact with some secretion,
grobnbly similar to the bile or the salivary fluid of .
igher animals. At all events, it is subjected to
the inflaence of some agent the character of which
has not yet been ascertained, but should be ascer-
tained, as the animal is very common on the shores
of this Continent. Digestion is rapid in these ani-
mals. Even shells are speedily assimilated, the
hard parts being rejected by the mouth, and the

| juices produced under the influence of the walls of

the stomach are diffused into the lower cavity.
The food is introduced into the stomach with &
certain quantity of water, so that the food is
from the beginning mixed with a quantity of wa-
ter, but the moment the food has been digested in
the stomach, it passes into this lower cavity, and is
there mixed with a greater quantity of water.—
Now this digested food begins to move in the whole
cavity, and to move between all these partitions ;
and the motion is produced in & way similar to that
of the tentacles. These partitions have the whole
of their surface covered with vibratory cilia, so that
the water containing the alimentary substance is
constantly moving between them. The refuse of
the water escapes through thetentacles. We have
here the digestive function, as it were, combined or
mixed with a kind of circulation. There is indeed
no blood in these ani no respira-
tion proper. There is only one large cavity divided
into two sacs, the upper one digesting the food, and
then we have this digested food mixed with water,
and this flaid again diffused throughout a great
many smaller cavities in contact with the walls of
the animal. These walls absorb the fluid like a
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sponge, and the alimentary portions remain within
the body of the animal, while the superfluous wa-
ter escapes through the tentacles. Of course the
contact of the water produces a kind of respiration.
There is undoubtedly a change of substance con-
stantly produced between the external water and
the internal fluid.

The eggs, which are very numerous in these
animals, are hung in bunches as numerous as the
partitions. There are polyps in which there are
twenty and in some a greater number of bunches
of eggs hung around the lower opening of the
stomach or on the internal wall of these partitions.
‘When the eggs are ripe they escape either through
the stomach and mouth, or between the partitions
through the tentacles. In the course of this Sum-
mer I'have witnessed repeatedly this operation in
one of those polyps which are common on these
shores. They may very often be found on the
})iles of the wharves all along the shores of the At-

antic. Insome of them I have witnessed the pro-
cess from the earliest stage. When the young ani-
mals escape from the egg, they have the same
shape as the old one, but with this difference, that
they have only five or ten tentacles arranged in
such & way (making a diagram on the board); af-
terward they have five additional tentacles, and so
go on increasing till these appendages become al-
most innumerable. Ihave found that these tenta-
cles are uniformly multiples of five.

The mouth appears to be circular, but when care-
fally examined it is found to have an elongated ap-
pearance. In fact, the mouth is rather oblong, and
in the young animal that form is quite apparent.—
You will perceive that in the young animal one of
the tentacles is just parallel with the straight line of
the mouth, and the four others are arranged in two
pairs laterally. This point is important, as I shall
show that there we have the first indication of bilat-
eral symmetry with the anterior region well defined.

No nerves have been observed in these animals.
Nevertbeless, we cannot doubt that they feel.—
Liiht acts upon them. They contractunder strong
light. They also contract under the influence of
darkness. In mild light they expand completely.
Some, indeed, can expand in the strongest light.—
This shows certainly that the sensation of light is
perceptible to them.

In some of the polyps I have observed dark
wch, corresponding in ber with the tentacles

e may be allowed to conjecture that the specks
are eyes, and if so there can be no doubt that there
arenerves. In fact,in the star-fish the nerveshave
been seen. They have been traced up to these
colored specks.

This is about all that can be said of the structure
of the polyps. Their external form is very various.
I will meution some of them in order to show the
variety of types among them. All those which
have numerous tentacles, and the internal cavities
with bunches of eggs hanging from the walls of the
lower cavity, have been named sea-anemones.—
Bome are entirely soft. Others have, inside, a hard
framework formed of limestone—of carbonate of
lime—and in this framework one can see the same
radiated appearance which we can see in the type,
which is entirely soft.

You see in this specimen an illustration of the
remarks just now made. It is not correct to regard
these corals as the shells in which these animals
cover themselves. The hard parts are found with-
in the enimal and form a portion of their internal
structure. There are a great many of them in
which the hard parts are deposited within like net-
work. [Here the lecturer pointed to specimens in
illastration.]

The polyps do not all multiply only by eggs,

11
though all will lay eggs and multiply in that manner.

Bome produce buds on their surface.
and these buds will grow and re
main attached to the main body.and
in that manner the buds will be-
come branched. Perbaps a little
polyp attached to a rock assumes
such a form. After a certain time
we see a small bud, which enlarges =
in the same form. and growsand pushesout its tenta-
- smeae cles in the same manner as the
first individual. Thus from this
branch a new individual will be
formed and remain connected
with the parent stem. In that
manner we have compound an-
imals, and that is the case with
. most of corals where a great
may individuals are united in one and the same
stem, while others remain single.

The importance of these animals is very great,
from the well-known coral reefs. Beside, these an-
imals act in a very extensive manner in modifying
the shades of the ocean’s depth. They contribute
in the formation of islands and in enlarging conti-
nents, by increasing the amount of hard substances
deposited on the surface of the earth. We know
from geological researches that whole mountain
ranges have been formed by the agency of this
minute animal. But this is not the place in which
to speak of this geological phenomenon. I allude
to it at present only for the parpose of showing the
importance of the functions performed by this little
animal in Natare. There are some polyps which
produce eggs and buds, but it is only some of the lat-
ter which can intheir turn produce eggs. A great
many of the animals classified in the Infusoria are
only eggs of polyps and other lower animals swim-
ming freely by the agency of their vibratory cilia,
which cover [the surface of the egg-shell. The
seeds of plants are in the same way covered by
cilia, and, moving freely in the water, are also often
classed with the infusoria. There are plants
called Conferve, divided by partitions in the man-
ner which I have described, and the seeds are
covered with vibratory cilia, moving so freely
in the water that they cannot be distinguished
from the lower animals. They are so minute that
an examination of their internal structure is a mat-
ter of very great difficalty. If we could only as-
certain whether they have a stomach, their posi-
tion among organized beings would be ver{‘ easily
fixed. But asthey are so minute that the highest
microscopic power discloses only these vibratory
cilia, and as there are animals which have been
discovered to possess a stomach very closely re-
sembling them 1n external appearance, it is very
difficult indeed to determine whether they belong
to the amimal or vegetable kingdoms.

Locomotion, as such, is not a distinctive charac-
ter of animal life. It is only the wilful motion
under the action of nerves which is characteristic
of the Animal Kingdom. But vibratory motion, pro-
duced by these minute hairs covering thesurface of
minute animels and plants, i8 common to organ-
ized beings in general, and is found as well in the
vegetable as in the animal kingdom.

Polyps are divided into two great families: the 4e¢-
tinia, in which the eg‘gl are arranged in bunchesin-
ternally, and Hydroida, which have tentaclesin the
same manner as the others, but in which the eggs
hang in bunches externally from the lower end of
the upper cavity, in graceful forms and sometimes
beautifully colored.

The hour is now so far advanced that I cannot en-
ter into the consideration of otherclasses of radiated
animals, I shall take them up in my next Lecture.
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LECTURE IIL

Additional Facts Relative to the Structure of the Polyps....The Grand Distinctions between Animals and Plants....

Organization of the Bgg....

The Acalephe....Structure of the Jelly-Fish....Phosphorescence of the Ocean in part

roduced by the Meduses....Difference between the Polyss and Meduse....Mode of Growth of this Species....

iscoveries of Sars, Krohn and Chamesso....The Echino

ermata....Iotereating Field of Investigation Open....

Structure of this Species.,..Mode of Locomotion....Digestive and Circulatory Apparatus....Evidence of Design

in this Departmeunt of the Work of Creation.

LADIES AND GENTLEMEN : The last Lecture was
occupied in tracing the characteristic features of
the polyps—the lowest of the radiated animals. I
showed how simple, and nevertheless how beauti-
ful and well adapted the stracture of these animals
is. We find in them only one organ, and yet we
find almost all the functions of animal life. That
oneorgan is the stomach—an ample cavity with
two openings, & mouth and a hole at the bottom of
the sac emptying into the general cavity of the
body; thus the food when digested is mixed with
water which constantly fills the general cavity of
the body. This mixture of sea-water is constantly
set in motion by capillary cilia or hair-like append-
ages covering the whole surface of the internal
cavity as well as the internal cavity of the tenta-
cles, and by the partitions which ran from the ex-
ternal wall of the animal toward the centre of that
oavity thus filled with water, which is then kept in
motion in different currents, some ascending,
others descending, so that there is constantly kept
up a circulation of the digested food. The walisof
the animalare permeable to this liguid—that portion
which ia nutritive remains in the walls of the ani-
mal, while the water which has been the vehicle for
this food is pushed out by the contraction of the
animal.

There are two exits for the food, either through
the mouth again, or by the small openings in the
tentacles. The water which fills the general cavi-
ty enters also through the tentacles and the mouth
—alternately through one or the other. But as
there are muscular fibres similar to the flesh of
higher animals which can be elongated by gradual
contraction or expansjon, this cavity can be alter-
nately shut, 8o that by the contraction of the mouth
the introduction of water may be allowed or pre-
vented. The contents of the stomach may be kept
within the cavity by the contraction of the lower
opening of the intestinal cavity, and again the
tentac'es can contract at their end and so prevent
the water from escaping; and while the digested
food is moving with the water within the cavity,
with the tentacles thus contracted, nothing escapes
~but after the natritive portion of the food has
been absorbed by the walls of the snimal, then the
water is sallowed to escape through its mouth, as
well as the other opening. An agency or influence
is undoubtedly exerted upon the surface of the ani-
mal by the surrounding water which may be com-
pared to the respiration of animals that live in the
water. There is something similar to bronchial res-
piration in some; of the lower animals, especially
the Mollusce, where the action of the water acts
on the fluids in the animals and produces upon them
a change which enables the flaid to become & por-
tion of the living creature. These changes are
very complicated and not all fully anderstood.—
There is mach room for investigation with reference
to the chaages which the food undergoes in order
that it may become a portion of the living animal.
‘What is more wonderful than what we see every
day-—a cow grazing and turning the grass into
brain, muscles, bone! That is constantly going on;
and differeat animals produce the same changes
upon common food, with different organs, but in all
the same result. Thus the same food is transformed
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in one case into the body of the hare; in another
into that of the deer; and in another into the body
of the elephant. With the same food these ani-
mals not only reproduce, but create, as it were,
their bodies, under the influence of the primitive
material principle which ia the cause of their exis-
tence.

Another system of organs existiog in the polypi
are the ovaries, hanging in bunches either in the in-
ternal cavity or outside on the tentacles. These
two forms have been the foundation of the two
great divisions of the polypi, namely, the Actinoi-
de, the name deriven}J from the Greek word for
“ray,” and the Hydroida,becausethese animals re-
semble that one which has been called the hydra
—a name reminding you of & fearful animal.
Thus these harmless, minute, almost microscopic
enimals have received that formidable name.

You seehere (pointing to a disgram) eggs forming
on theouter side. Some are not isolated as in this
case. Inmany instances the eggshang in bunches
—aa you have them here, for instance, in another
diagram.

1 then alluded to other differences in polypi,
where some were isolated individuals and others
combined ; the latter budding on one and the same
stem, thus forming three large groups of individaals
united by their base. It is a peculiarity of polypi
to be fixed on the soil. There are nofree swimming
animals among them. Some are attached to other
bodies at the bottom of the sea. Some are fixed
at willor move at will from their location; but there
are none among them who swim freely in the wa-
ter. In this respect many of them have some
likeness to plants, and were indeed long mistaken
for plants. Even so late =s the middle of the
eighteenth century, naturalists quarreled about
the vegetable or animal nature of polyps. But
it is now fully underatood that they belong to the
Animal Kingdom ; while, on the other hand, many
organizations which belong truly to the vegeta-
ble kingdom have been introduced among the poly-
pi, and must of course be rejected from that class
and be again classed among the plants. Thereis,
indeed, some difficulty in distinguishing some of
the lower types of plants and animals. I have al-
ready ualluded to one grand distinction between
them. The existence of & stomach is a chief char-
acteristic of an animal, and no being should be intro-
duaced into the Animal Kingdom in which a stom-
ach doesnot exist. But as there is great difficalty
in ascertaining in rome of the lower animals wheth-
er there is an alimentary cavity or not, we must
take other characteristics by which they can be
distinguished ; and we bave now a very remarka-
ble teat by which we can determine whether an or-
ganized being is a plant or an animal. Inthe mode
of respiration we may, by chemical analysis, dis-
cover whether an animal or a plant is before us.
All animels in respiration assimilate oxygen and
reject carbon, while plants assimilate carbon and
reject oxygen. There is thus a constant antagon-
ism between the animal and vegetable kingdoms.
All animals would die were it notfor the breathing
of plants, and all plants would perish did animals
cease to respire. The antagonism is such that the
whole amount of animals living, now consume pre-
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cisely the amount of oxygen which plants expel
during the night, and by this antagonism between
the animal and vegetable kingdoms, the constant
and unvaryiog equilibrium of the atmospheric air
is maintained. Now when we want to know
whether we have before us a microscopic animal
or amicroscopic plant.all we have to do is to examine
the nature of the gas absorbed or expelled in res-
piration.

Another test may be as certain. That test con-
sists in the examination of the egg. The eggs of all
animals,withoutany exception, from the polypi up to
the mammalia, are identical. There is not the slight-
est difference in their structure—in the internal
and minute structure of the eggs of all classes of
the Animal Kingdom. There are differences in size
bat not in structure. The egg of e
a fish is full of granules. In the
class represented in this diagram
they are about the size of a pin's
head. In some fishes the granule+
are still more minute. side of
this yolk there is another little e
vesicle which is called the ger- LR
minative vesicle; and in that we have enther
another or several cells of a smaller size which
are called germinative dots. These cells in a cell,
containing granules of yolk, constitute a character-
istic which yon will find without exception in all
eggs. In a bird’s egg, the shell and white of egg
are ies, but not y to the actual for-
mation of the chick, which is formed from the yolk,
and not from the white or any other portion of the

> m €28 Now this yolk, or vi-
tellus as it is called, fills the
essential portion of the egg,
and within that is another
vesicle filled with a trans-
parent liquid in which sev-
eral other similar vesicles

— swim. This comstant and

5 (LM uniform structure of the egg
affords a test whereby we can ascertain whether
the organized being before us is an animal. The
agg: may be as easily perceived in the lower ani-
mals as in the highest, as they are so transparent
that they are readily examined under the micros-
cope. Now these eggs differ entirely from the
seeds of plants. Even in the conferve these seeds
are filled only with uniform granules and have no
intricate minor cells; and now, when these eggs
become movable by having the whole surface cov-
ered with vibratory cilia, we have only to put them
under the microscope in order to decide whether
we bhave before us the seed of & plant or the mov-
able efg of an animal. (Applause.)

I will now proceed to demonstrate another clags
of these animals—the Acalephz, or * nettle-
skinned.”

The name of this class is derived from peculiar-
ities in these animals which I shall immediately
explain. You have examples of Meduse in these
diagrams. They have mnng relations to the polypi,
but there is one general characteristic which will
strike you when it is mentioned. The medusm are
all free—independent of the soil. They have no
point of attachment. They cannot fix themselves
upon the soil. They have no means by which
they can become attached ; and all have the mouth
downward, while all polyps have the mouth up-
ward. In the very position of the animal in the
surrounding element we have one great difference,
which is as constant as the most intricate peculiar-
ity of their structure. Thereare a few moving ani-
mals in which the difference of internal structare
between them and the polypi is by no means very
apparent; they have not one organ more than we
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have seen among the polypi, only & little complica-
tion of the same organs. )

In the jelly-fish we have a broad disc, and in
that a wide cavity, with a mouth in the centre,
from which several, sometimes numerous, append-
ages hang down. This is the simplest structure of
the medas@. There the mass of the animal is con-
stantly gelatinous. The bodies of this class are
exceedingly soft, 8o much so that when taken oat
of the water they almost wholly decompose and
disappear. They contain so very little substance
that a cart-load of them would not, if dried by
evaporation, leave an ounce of hard substance—of
dried membrane. A single leaf of paper would
contain as much solid matter as a full cart-load of
these animals when dried. They are so liquid that
they are transparent—so much so that they are fre-
quently not seen in the water, and would not be
perceived at all if it were not for their beautifal
colors. They have, indeed, the most beautifal, del-
icate colors of all the lower animals. Again, a
great number of them are phosphorescent. In the
night they appear like brilliant lights, and to some
of them is owing the phosphorescence of the sea ;—
not to them solely, for the phosphorescence of the
sea is produced by a great number of animals.
Very numerous and different species of animals
produce that peculiar, beautiful light that illames
the sea during the night. Some of these animals
belong to the articulated types, others to the medu-
s ; some are polyps; and perhaps the hght is in
part owing to physical causes—the decomposition
of animal and vegetable matter; and perhaps also
to electricity. There is some doubt as to the rela-
tive agency of these various causes in producing
the phosphorescence of the ocean.

The great difference between the medus® and
the polyps isthat the alimentary cavity is no longer
a simple sac with simple openings. The cavity has
branches penetrating into the substance of the
animal, so that we have no longer a simple sac
opening into the general cavity, but a sac with
ramifications. You perceive in this diagram some
of these ramifications. They are so delicate that
they can hardly be shown without exaggerating
the colors. Let me illustrate this peculiarity of the
structure of this class of the gu-
radiated animals. Let that
(diagram) represent the cen-
tral opening, sometimes anga
lar, sometimes pentangalar;
from that, light appendages
extend toward the periphery.
but soon divide like blood-ves- ; .
sels; and these sacs will sometimes divide with nu-
merous tubes, and form a8 many canals as the most
complicated blood-vessel in its divisions. In that
way the food, after it has been digested, is carried
into the parts. It is no longer in contact with one
surface only. It is now carried into the different
parts of the animal. It is as if the stomach were at
the same time a héart, forcing the digested food into
the cavities, as the heart propels the blood into all
portions of the body. But here this food, after it has
arrived at the periphery, escapes. There are as
many outlets as there are tubes. And again, there
arefrom the periphery numerous minute append-
ages, like tentacles, with an opening at the end,
which absorb, pump the water and introduce it into
a canal which runs gll round the animal. 8o we
have mo longer the feod introduced into a cavity
containing water, but we have the alimentary canal
branching in all directions ; and in the extremity of
these branches we have small tubes absorbing wa-
ter and mixing it with the food. These tentacles
form beautiful appendages in a great many of
these animals. They vary very much in different
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animals. In some the appendages are longer than
the body of the animal itself. In others they are
quite short. Insomethey meetregularly and form
triangles. In some they are few in number, but of
large size. But in all they are hollow, and they ab-
sorb water, and also admit the digested food, which
is circulated through these tubes and introduced
into this circular canal. The motion of the flaids ia
not in & uniform direction. Sometimes it is one
way, sometimes another. It is an irregular circula-
tion, which changes its direction. In some of the
higher animals, the heart causes the blood torush in
one direction, and, after it returns, propels it in ano-
ther direction, so that in one and the same animal
we have the heart acting in different directions,
and we have that singular phenomena in some of
the medusess. In this respect we have & complica.
tion which exists in very few of the polypi. Itis
round these appendages that the ovaries usually
hang in large bunches. These colored bunches are
bunches of eggs hanging outside the tentacles
which sarround the mouth.

In some of these animals, colored specks have
been seen between the tentacles, usually red, and
they have been conjectured, not without probabili-
ty, to be eyes.

This is about all that is known of the structare
of these animals. There are several varieties of
them. Bome have large gelatinous discs ; they are
the common jelly-fish. Others have & large vepi-
cle above the tentacles and compact portion of the
animal, which allows them to swim on the surface
of the water. Others have e great many of these
vesicles. Others again have vertical series of sin-
gular appendages acting like oars, by which they
move very rapidly in the water The locomotion
of the first class, those having & disc, is owing to
the expansion and contraction of the disc. The lo-
comotion of the second class is owing to the motion
of the tentacles and the contraction of the eir ves-
sels ; while that of the third class is owing to those
series of vertical appendages.

In their mode of growth they present most ex-
traordinary phenomena. Not allof them have been
studied, but those which have been examined pre-
sent these phenomens. The Swedish naturalist,
Sars, has discovered that the eggs of the common
medusa of the Baltic Bea were movable. This
might appear-almost incredible, had not repeated
subsequent observation established the fact. I
shall endeavor’ to illustrate-the formation of the
egg. Inan egg of this form the enlarged upper
portion begins to grow with four appendages—
these appendages forming a star-like animal.
. It gradually changes its form, and assumes the ap-

earance of the polyp, for which it has sometimes

geen mistaken. Thenumber of tentacles increases ;
a8 many as sixteen and twenty tentacles are now
seen, with much change in the general form. Then
a considerable change commences. This animal,
with all its tentacles at the upper end, begins to
contract, transversely, just as it it were pressed in
different places; and these contractions increase,
80 a8 to form, very soon, several stages one above
the other, like a meries of independent cups,
only from the contraction of the primitive trunk of
this polyp-like animal. This internal column, re-
sembling the back-bone, which keeps them togeth-
er, atill continues to contract so far that the cups
soon divide into ag many individuals, and become
free, moveble from that time, and turn in opposite
directions. Before they separate, the margin is
fringed—divided in such a manner as to be fringed;
and themoment these divisions are separated here,
. then the animal turns the opposite way and we
have here a disc with fringes round it, turned in
opposite directions. We seea cavity forming here.
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‘We see appendages here formed, and we have very
soon & regular medusa! (Applause.) Thus aftera
series of various formations we have several dis-
tinet individuals produced from the single egg.—
The number of animals thus produced from one egg
is sometimes as great as & dozen, and even more.

But what is very singular in this process is this=—
that the upper portion of the animal does not undergo
these changes. The moment the animal divides
into these numerous young meduse, this dies off.—
The upper portion of the stem dies away, and it is
oply the lower divisions, formed in the manner I
have described, which constitute new individuals.

More extraordinary phenomena are observed i
another type of the medusm similar to these, Ina
species little known and not observed that I know
of on the American shores of the Atlantic, we find
a2 compound animel—several individuals being at-
tached to one another and swimming freely in the
water. They have allthe general arrangements of
the meduss. They have been described by nu-
merous naturalists, and two varieties of them hava
been noticed. Chamisso, the Prussian naturalist,
remarked that one variety of these combined ani-
mals had always isolated eggs, while the other had
eggs in bunches. He was induced to admit that
these ten types were of the same species, being
only different stages of the same being. This was
regarded as rather inadmissible, until ?l.tely a Ger-
man naturalist named Krohn, in the course of inves-
tigations on the coast of Sicily, ascertained distinct-
ly that it was the fact, and that in one and the same
species there is a set of isolated individuals having
eggs which never separate and form individual
groups of animals, while each individual of these
bunches lays isolated eggs, which form free, uncon-
nected individuals. 8o then we have successive
generations which do not resemble each other, and
in which the grand-parents are similar to the grand-
children, but the intermediate generation neverlike
that which precedes or follows it! We have in
menkind something to remind us of this curious
phenomena. We find family likenesses, as they
are called. go through two generations, omitting tha
intermediate. Certainly that is a corresponding
fact to this.

These phenomena it ia somewhat difficult to
trace, as it is necessary to follow for & long while
the same individaal, bat they have been ascer-
tained beyond a doubt, and especially through the
care of the Bwedish naturalist, Bars. It is singu-
lar, I. may here remark, that a gentleman should
be found in & country so poor in interesting natural
phenomena ready to devote himself to the minute
investigation of these phenomena, and succeed in
80 eminent a degree. In some other portions of
Europe, on the contrary, where the facilities of
prosecuting such investigations are very remarka-
ble, comparatively little advance has been made in
natural science.

The next class of which I shall speak is the
Echinodermata.

The internal structure of this class is more com-
Flicated than that of the preceding, thoagh it fol-

owa the same plan. We have here also the or-
gans arranged as rays round the central cavity,
This central cavity contains numerous independent
organs. While we had in polyps and meduss the
fanction of digestion and respiration produced by
oneand the game cavity branching within the re.
ceas of thebody, in this class we have an alimen-
tary cavity forming & stomach and extending some-
times in several circumvolationa through the body;
and the respiratory function performed by indepen-
dent appendages. The fluid is set in motion by
organs always independent of the alimentary canal
as well as respiratory organs, though all in connec-
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tion, and in connection gimilar to what obtains
among the medusa.

Many of the facts which I shall add now were
not fully ascertained until lately. But recently I
had an opportunity of studying the internal struc-
ture of this class while on board a vessel employed
in the Coast Survey. I have thus been enabled to
obgerve more attentively the star-fishes, and dis-
cover how intimately allied they are to the me-
duss and polyps. I may here be permitted to re-
mark that, notwithstanding the material which
is at hand on the shores of the Atlantic for the
study of the whole of the types of radiated
gnimals, there im no work existing on the po-
lypi of the American coast; there is no work
in which you can find even a dry catalogue
of this species. Though so many beaatifal
works on the Nataral History of this country, and
especially of this State, have been produced, it is
gomewhat surpriging that there is no record what-
ever of the radiated animals. There is no work on
the medus®. These three classes of Radiata afford
an ample field of investigation, and one which will
fully compensate the laborbestowed upon it. It is
due to the cause of Trath and Bcience that the pab-
lic teacher should not only ascertain what is known,
but also what is to be done ; and here a great deal
is to be done, this group bhaving been much more
neglected than others of the Animal Kingdom.
{Applause.)

The most admirable arrangement is seen in the
external covering of the Echinodermata. It will
scarcely appear credible that these two specimens
are formed of the same hard plates, arranged in
the same manner, only of different proportions, so
that one presents a sphere-like and the other a star-
like appearance. But if in the one case the plates
were g little elastic, it would be easy to change the
form of the star-fish into that of the echinos, and
vice versa. After I have shown the structure of one
of these animals, I trust that this sthtement will
not be regarded as at ull exaggerated.

You see two openings in such an animal—an up-
per and & lower—not always opposite each other.
I shall begin with the sirsplest class, before ap-
groaching the other. Around this simple opening

ve large plates are placed so as to leave & space
between them, and five smaller plates occupy -the
interstices. In each of these large plates there isa
hole. Through these five holes five tubes open.
Through these the eggs escape. The plates of the
body are arranged in a series of very different
kinds. Alternately we have a series of plates per-
forated and a series of plates imperforated. Upon
those plates without holes we have large tubercies,
upon which the tentacles or spines are movable.
Thene form, as it were, ten vertical ribs from each of
the openings to the other. Through the holes of
one of the series little tentacles protrude, havin,
an opening in the end, and which can be retracte
and pushed out so as to disappear or extend even
‘beyond the points of ,the spines; and by these
tentacles the animal can move as well as by the
motion of the spines. These plates, which are im-
perforated, are just opposite to the large plates.
Those which are perforated, are intermediate.
They all meet at the lower end, where there is
another large opening, and this lower opening is
the mouth.

The spines are movable, and it is their motion
which enables the animal to walk from place to
place. In some, the powerof locomotion resides in
the minute tentacles in the plates.

The food is introduced through the mouth, and
is crushed between very gowerful plates. You find
the jaw very complicated. The complication is so
great that it would require a full hour to explain
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merely the structure of this part of the animal.—
There is scarcely any portion of the organization
of the animal creation more complex than the jaw
of these animals. It is formed of almost innumer-
able hard plates, furnished with teeth, moved
by very distinct muscles, and put in action by
a complicated nervous system. I will mention
merely that these jaws are five in number,
and are arranged in such a manner as to cor-
respond with these ten geries of plates. One
jaw is always before an imperforated plate. These
jaws are so powerful that they can crush shell-
fishes and the hardest bodies. The intestinal tube
isa wide tube provided with several appendages,
80 &8s to make it more complicated than in any of
the other radiated animals.

But what is more singular in these animals is the
existence of & heart and actual respiratory organs.
These tubes, which can be protraded through these
small Boles, terminate by a hole, and inside of the
shell there is in each of these tubes a considerable
vesicle which is filled with water, upon which there
is & number of blood-vessels. But here these tubes
can be shut, and there is another apparatus for in-
jecting these vesicles in the tube. I should have
mentioned that one of these plates is larger than
the others; and there is then a sieve of little holes
by which the water can enter into the body; and
by another tube which comes down in that way
and reaches to the lower opening, all these minute
vesicles can be filled ; o that there is an alternate
movement of the water from outside and through
these tentaclesand shell to maintain a current upon
the organs which are covered with blood-vessels.
Respiration is nothing but an interchange of air
and liquid moved in vessels. Here we have all
these conditions in the interior of the echinos, the
heart being placed near the intestinal tube.

Still more, we have a complete nervous ring
around the jaws and from five points of the ring
threads arigsing and proceeding along the imper-
forated plates so as to reach the upper ridge where
they terminate on the five smaller plates which
are perforated. In each of these holes we have
an eye, 8o that we have five eyes at the termina-
tion of those nerves arising from the ring around
the mouth.

There are two principal forms of the echinos.
The star-fishes are one of these principal forma-
tions, and are by no means go simple in struc-
ture a8 the polyps. They have a peculiarity not
easily explained. The whole body is full of water.
W e have a similar general cavity as that found in
the polyp and jelly-fish, but no bhole by which the
body could be filled. This hole forms the mouth,
but the mouth and the inteatinal tube do not com-
municate with the general cavity of the animel.
Again: these perforations through the shells,
by which the tentacles come out, have no com-
munication with the internal shell. The ques-
tion, then, was—How does the shell fill with
water! No opening was seen. But there are
really openings, so minute as to be seen only
under a high microscopic power ; and I have been
fortunate enough to ascertain that these holes exist.
I have even seen the membraneous tubes which
pump thé water and fill the whose cavity of the an-
imal. These are so extremely minute that they
cannot be seen by the naked eye until it becomes
accustomed to the iavestigation of them. Then
they are just as plaln a8 any other part of the ani-
mal. But they are extremely contractile, and the
moment the animat is touched they become retract-
ed and will not be seen for a long time. I have
injected these tubes with colored matter; and by
keeping the animal in colored fluid, I have demon-
strated that there can be no doubt of the fact of
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their being the apparatus by which the water en.
tera the animal. .
® Notwithstanding all these complications, there is
only one plan in these animals. All have one
central cavity, an alimentary canal. This canal
is either a single sac, or it is an alimentary tube
complete of itself but with an independent system
for respiration and circulation. But the arrange.
ment of the blood-vessels is such that there
is the strongest likeness betweem it and the
arrangements of the circalar canal in the meduss.
One and the same plan are apparent in all.these
complicated structures. The question is, what
does such a plan indicate? Have we here
only material phenomenas, evincing the influence
of physical causes in the combination of vari-
ous organs, s0 28 to form a system more or
less complicated ? No; we have more than
that. We have a succession of forms which show
a progress. We begin with a lower typer We
pass through more complicated types. We come
to the very complicated form of the echinos. And,
though these forms are 8o complex, we find them
in the same type of animals, in the same climate
and in the same conditions of life. In all parts of
the world—in the most different conditions and in

the most similar conditions—in the arctic, the tem-
perate and the tropieal regions—we meet thédse
varied classes of the same type, so that the whole
amount of external circumstances in which any or-
ganized being can exist, are acting on these animals.
It would be very unreasonable, then, to admit that
all these varieties were produced by these external
conditions. )

Again: Havewe amere complication of organs in
these animals? No. We do not trace only mate-
rial phenomena. It is not we, who by our investiga-
tions have made these creatures to agree on one
and the same plan. They exiat on oneplan; and
instead of tracing material phenomens, we actually
trace thoughts, and thoughts not ocurs—but the
thoaghta of that Mind which created them. I think
in this way it can be shown by sufficient evidence
that thereis an Intelligence which planned these
things, and formed and created them on a premed-
itated plan—a gradaated scheme of structures
from the simplest to the most complicated;-and
that each animal wes endowed with the power
of 80 resisting the influences to which it is sub-
jected a4 to retain its original conformation under
the most diverse conditions of climate and circum-
stances.

LECTURE IV.

The Calcrreous Deposits of the Polyps....Why the Polyps cannot be considered higher than the Acalephm....The

Mollusca—their great number....Recapitulation of the

ferent arrangement of Orgens in tbe Mollusca....Softness of the Mollusca....Contractibility....

ntirely dif-
ervous Sys-

Structural Characteristica of the Radiata..

tem....Alimentary Cavity becomes complicated....The Respiratory Grganas....Structure and Position of t
“@ills”..,.Organg of Circulation... Extrrordirary Structure of the Blood-vessels....Theory of the Formation
of the Blood and Circulatory Apparatus....Subdivision of the Mollusca,...The Acephala....Characteristics
of this Class....Mode of ascertaiuing the Typs to which Fossil Shells belong.

LaDIES AND GENTLEMEN : Since the delivery of |
my last Lecture I have received several letters ask-
ing questiona relative to thestructure of the Radiata,
which I shall be happy to answer as far as in my
power: .

‘15 the carbonate of lime, which forma the coral forma-
tion, secreted by ths_golyps from the food upon which they
subsist, in 8 way similar to the bones of other animals?”

" Are not the Polyps a grade higher than the Acalephe,
{nasmuch as we have in them the first exhibition of bony
structure, which appears more perfectly in the Echinoder-
matwe, the pext higher grade

These questions relate to one point—What is the
proper value of the hard caleareous matter which
is secreted in the polypi? This calcareous matter
hes not been long investigated. In fact, the first
correct work on this subject is to be found in the
volume alluded to, forming & part of the Narrative
of the Exploring Expedition. In that beautifal
work of Mr. Dana, we have for the first time the
renults of eccarate and patient investigation of this
subject. He showed what was not known before,
or what at all events was not underatood, that the
limestone portions of the polypi form a portion of
the animal, and not mere excretory matter, similar
to shell. They belong to the body of the animal,
and are not a deposit of the external parts of it;
and in this respect they are really altogether dif-
ferent from the shells of the Mollusca, which are
secreted within the skin.

To explain fally this difference, let me enterinto
some details relative to the atructare of the skin.
The skin in animsls is composed of three layers.
If we cut through the skin into the body of any ani-
mal, we find first & superficial layer composed of
cells, very readily seen. Under that is a network
of vessels and nerves, the latter giving to the skin

its sensitiveness—the sensitive portion of the skin.
Then we have a third leyer : a tissue of threadain-
tricately interwoven in all directions, forming the
protective layer. These three different portions
have different functions.

The external layer is constantly reproduced b
blood-vessels, which deposit a liquid in the vesse
already formed and from which the new vessels
are constantly formed. When the skin is cut we
sometimes see a transparent flaid escape from the
cells and sccumulate on the surfece: and this lym-
phatic fluid, as it is called, is the medium of the re-
production which is always going on, Now, inthe
Mollusca, the shell is formed in this layer b{ suc
cesaive deposits of limestone, into which I shall
not now enter as I shall have occasion to go farther
into these details by and by. But let me now men-
tion that between the upper or external coat of
skin, which is called epidermis, there are layers of
limestone in that way by the secreting_portions of
the skin formed of a network of blood-vessels, s0
that the shell is formed of calcareous matter form-
ed within the skin itself. Not so in the polyps,
where the mass of the animal—the wells of the
body—secrete within the substance the calcareaus
portions. I make bere the outline of a :
polyp, with its teatacles: here is the
mouth, bere the walls, Now, within the
walls, in the masa of the body itself.
there are little fragmentg of limestone
deposited in an irregular way, entirely
unconnected with each other, which sep
arate in several, but in others unite to
form & porous mass ; and these calcareous -
particles are sometimes formed in such quantit@&s
as to form an internal framework, covered w
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soft parts of the animal. 8o you perceive thatthere
is not only in the position, but glso in the mode of
deposition of the limestone, a great difference be-
tween the polyps and the shelis.

Again, this skeleton, or this frame of solid parts
within the animal, cannot be considered as idesti-
cal in different types. The skeleton of the verte-
brated animals is not only carbonate oflime,batit is,
even chemically speaking, somewhat different. It
is a carbonate and a phosphate of lime ; and in this
respect thereis already a difference ; but the differ-
ence is still greater when we consider the general
arrangement and relative position of the internal
skeleton of these animals, and the external skele-
ton of the shells, or the internal skeleton of the po-
Iyps. In the polypé these soiid parts do not protect
any essentiel organ. They are within the walls of
the animal, but the soft surfacesof these walls are
the parts which protect the intestine and form the
internal cavity; while the bones themselves pro-
tect the large cavities of the higher animals, cir-
cumscribed to spaces in which the brain and spinal
marrow &re on one side, and the alimentary canal,
the heart and the lungs on the other side, are con-
tained. So that these two systems are by no means
to be regarded as identical. They are identical on-
ly in one respect. It is true that these hard parts
protect the body in general ; but in an essential
point they are different, inasmuch as they are
formed in & different way, formed by different por-
tions of the animal, and sustain different relations
to the various internal systems of organs.

Mauach remains to be done in the investigation of
the corals themselves. The proper organs of se-
cretion of those hard parts in them are not known.
It has not yet been ascertained in what way the
calcareous matter is secreted from the aoft parts.—
There is, then, here alzo an ample field for investi-

ation. Unhappily, this investigation will scarcely
ge attempted on these shores, as there is only, as
far as I know, a singl® species of caleareous polypi
on the western shores of the Atlantic, north of the
Gulf of Mexico.

The other question—Whether the polyps are
not higher than the acalephw 7—is answered by it-
self. If the calcareous parts of the polyps have
not the same meaning as the analogous parts of
other types, the existence of such a hard skeleton
will of course not be a test for the degree of their
organization. And again: we bave among

olyps themselves, some with, and others without

ard parts, and even the great amount of calca-
reous matter which is deposited in many of them
will never be & sufficient reason to consider the
polyps in any way higher than the acalephs, as
the alimentary cavity is & simple sac in polyps,
while it is & branched cavity in acalephe, perform-
ini at the same time the functions of a digestive
tube &nd circulatory organs.

—W e now enter into another field of the Animal
Kingdom-—into the study of the Mollusca.

These animals are very numerous. The namber
of species which have been collected at this time—
including those only which are provided with ahells,
—is perhaps six thousand, perhaps even ashigh as
seven thousand; and we may suppose that the
" wrhole number existing now,will notfall shert of ten
or twelve thousand, if we include the soft, naked
species as well ag those protected by a hard calca-
reous shell. The number of species which have
existed in former ages—ingeological times—whose
remains we find in a foasil state in the successive
strata which coustitute the crust of our globe, is
still greater. It is astonishing what a quantity of
fonsil shells are found in the different strata of the
crust of our globe. There is scarcely any locality
which hes been well examined thatdoesnot exhibit

17

almost as many fossil species as we find on any ex-
tensive cosst of any sea. Compare, for instance,
those shores which have been most investigated—
the shoresof France for instance—where the shells
from the time of Lamarc up to this period have
been so assiducusly collected. There the number
of species known to exist, when compared with
the number of species, found in one and the same
stratum of the tertiary deposits in the neighbor-
hood of Paris, is moch smaller. There are scarcely
eight hundred living shells found in the Mediterra-
nean or French shores of the Atlantic Ocean, but
more than twelve hundred fossil shells have been
found in that single stratum—in that limestone on
which the City of Paris is built, and of which sach
extensive deposita exist in the neighborbood. In
that single stratum is found at this day one-third
more fosgil shells than live on the whole extent of
the French ghores! This will show how large the
number of fossil shells must be, and how large it
will surn out to be, &s soon as we have made more
extensive researches in the field of fossil shells.

To understand properly the character of the
Mollusca, it is well perhaps torec apitulate briefly
what I have said of the Radiata ; as the differences
between the two large types is less in the details
of their organization, than in the mode of the ar-
rangement of their organs. The Radiate have their
organs distributed around the centre. This centre
is the mouth, and the mouth is turned either up-
ward. We have the mouth upward in the po-
lypi, downward in the echinodermata. Nowhere
have we the month on the anterior portion of the
body. Amoug the Radiata there is no anterior ex-
tremity which Yrevaill over the sides or pesterior
extremity. All the rays diverge from the centre
and are of equal value, and when we can trace
some indicationﬂof a bilateralsymmery itis owin,
only to slight differences between these rays, an,
not owing to any general arrangement on the two
sides of a longitudinal axis. There is no longitadi-
nal axis proper in the Radiata. :

In the Mollusca we have an entirely different ar-
rangement. The mouth moves toward one end of
the animal, and now we have an anterior extremity,
though weé have not yet a head—not organs of
sense placed always round the head. But there
is atleast an anterior extremity,on which the mouth
is gituated, and round it there are tentacles by
which the food is introduced into the salimentary
canal. Thusthe anterior extremity is given by the
position of the mouth, and the two sides by
the general arrangement of the viscera. We
have not only an anterior extremity but we have
a dorsal region, s right and a left-hand aside—
8 lower and an upper region—and in all the Mol-
lusca those regions can be readily distinguished,
though the animal does not always stand on the
lower extremity. There are some who for their
whole lives rest on one side. For iostance, the
oyster lives constantly lying on the left-hand side;
others are attached by the upper extremity and
stand the lower extremity upward, and it is only
by means of comparigen that we can ascertain
which is the right and left band, end by finding
where the mouth is placed and by examining the
relative position of the different internal organs.

Thebody of the Mollusca is always very soft
Hence theirfaame Mol- .
lusca, which signifies
“ goft animals.”  The
body is excecdiogly con-
tractile. Itcan be con §
tracted so much that §
large animals will occu

y & very small space B
when contracted. For instance, the animal which
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forms this shell, which is, a8 you perceive, of large
size, and out of which it pushes a large foot on
which it walks, when contracted is entirely con-
cealed in the bottom of the cavity. In others there
are two shelis which cover the soft parts. Some-
times there is but one shell very much carved on
itself; and in other cases forming only a flatdisc,
covering only the upper part of the body.

The softness of these animals is very character-
istic, and in no other type do we find tissnes so
soft as in this class and so capable of containing a
great quantity of water. They continually absorb
a certain quantity of water, which penetrates the
mass of the body and maintains it in a state of ex-
pansion. But when contracting this water, is ex-
pressed in a way quite aimilar to the water con-
tained in the sponge when it is squeezed.

The organization of the Mollusca is, in some
cases, highly complicated. In others it is ag simple
almoat as in the polypi. The difference ia the latter
case is only in the symmetry. The mouth being in
the anterior region, and the nervous system sur-
rounding the anterior extremity of the intestinal
canal in" a vertical position, while inthe Radiata
the nervous system is placed horizontally. The
nervous system is placed above the intestinal ca-
nal,forming a ring around the tube; with some other

anglia below, from which the nervous threads run
into the different organs. From the upper ganglion
we have nervous threads going into the tentacles.
Here are threads going to the other organs placed
in the cavity of the animal; and here are threads
running into the muscular fibres which move the
animal. A similar structure is found in those hav-
ing two valves, only the symmetry is somewhat
different. Always the nervous system is com-

osed only of a swelling above and a swelling be-
ow the alimentary canal from which the threads
are sent to the different organs. That is the gen-
eral arrangement of the nervous system in all
the ollusca ; the Malimentary tube passing through
the nervous ring, but the ring having a vertical
position, while in the Radiata it has a horizontal
position.

‘We see the difference here is rather in the posi-
tion of the organ—in the relation with other parts
~than in the structure. This nervous system is
acarcely, any more complicated than the nervous
mystem of the star-fish, or echina. Perhaps these
ganglia aze somewhat larger and less numerous;
and in the smaller number is evinced a degree of
superiority. We see in the higher animals that
certain organs not unique but in pairs, in the lower
animals exist in great numbers. In the star-fishes
and echina, where we have the first evidence of
eyes, we have an eye &t the end of each ray—as
many eyes as there are rays, and as many ganglia
as there are rays, and from each a nervous filament
running through each ray. Here we have & small-
er number of nervous ganglia and they are placed
sothat one stands above the other and on the ante-
rior region of the animal; in that way this ganglia
or nervous centre has a greater influence upon the
whole animal; and it is only owing to the position
of that nervous mass that the anterior region of the
animal has become more important and possesses

eater vitality; while other organs round the mouth

ave a higher importance to the functions of life.
‘Wherever the nervous system becomes larger and
acquires a preponderance over the other organs,
then we see that life acquires greater intensity
and that all the important organs are accumulated.
1t is 8o with the head of vertebrated animals which
contains ellthe organs of any high importance.—~
The organs in other parts of the body are just asim-
portant to the maintenance of life and the somnd
condition of the animali, nevertheless they do not

possess the high value which the organs in the
head of these animals exhibit.

The alimentary cavity is complicated in the Mol-
lusca. Itis!olongerasimple or branched sac, as it
isin the Radiata. But we have in them, behind
the mouth, which is usually surrounded by ten-
tacles, to introduce the food, sometimer two in
number, and sometimes four, arranged in pairs,
two above. two below, or oply two on the sides—
behind -the mouth, I was about to say, thereis a
narrow tube, the cesophagus, and usually a large
bag which is the stomach, and the intestine behind.
Now this stomach is complicated, inasmuch as
there is a liver, & glandular organ united with it ;

and this liver is sometimes very large, surround- -

ing the whole stomach, and secreting & greenish
dark liquid, known under the name of ¢ bile,”
which is introduced into the stomach and helps di-
gestion. This bile, the gecretion of the liver, is very
considerablein all the Mollusce. The liveris some-
times 80 large as to exceedin size the whole of the
animal. It is more than half the weight of the
body. Sometimes there are several livers, two
three or four, arranged around the stomach and
opening directly into it.

The organs of respiration are always distinct,
and uniformly present the form of gills. Their po-
wition varies very much in the Mollusca, and
I will not now enter into the detailsof the arrange-
ment of these respiratory organs, as I shall have
occasion to explain the differences which they ex-
hibit in different types of the ﬁient group of mollus-
ca. Baut everywhere these gilla are present; and
when I say everywhere, I do not exclude that class
which breathe the atmospheric air, which have no
langs, notwithstanding they respire by air, but
have gills like other Mollasca, only they are kept
in contact with atmosperic air, and not with water.
Their gilln, then, are not at all similar to the lungs
of higher animals, and are entirely similar to
gills of other mollasca. What are gilla? Every-
where & blood-vessel dividea into parallel branches
which are brought into contact with the air con-
tained either in the atmosphere or in the surround-
ing water; these organs are called “gills.” Some-
times these blood vessels are united by a mem-
brane which forms them into appendages of very
varied forms. Sometimes they are loose, and thea
they form tree-like branches upon the back or into
the cavity of -the animal. The gills may be exter-
nal, as in many Mollasca—internal as in others.—
Sometimes they are placed in such a way as to be
used at the same time as organs of respiration and
of locomotion, acting on the sides of the animal and
performing the functions of feet. Sometimes they
are entirely concealed in the interior, and the water
and air are introduced by external openings. We
see all these differences among the Mollusca, and
it is more important to know these differences, as
they have been made by some naturalists the basis
of the classification of this department of the Ani-
mal Kingdom. Cuvier's classification of this great
gronp of animals is almost entirely based upon
the arrangement of the respiratory organs.

The organs of circulation are very singular in
their arrangement. There is uniformly ai‘:nrt in
the Mollusca. But this heart is
singular manner. In some it is placed in the cen-
tre of the body. In othersit surrounds the alimen-
tary tube, o that the intestine passea right through
the heart. In others there are several hearts
placed in different positions in the animal. Some-
times there is a heart at the bese of the respiratory
organe, and sometimes & central heart to supply
the body. lo some cases the heart is very near
the mouth, and opens into wide cavities containing
other orgaus. Nowhere is the cireulation more

laced in a very"
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unequal in different animals than among the mol-
lusca. There are not two families in which the
blood i circulated by similar apparatus, and more-
over there is no class among the Mollusca where
the circulation is contingous. 1 will give an ex-
ample: Here is one of the Mollusce, resemblins a
glug. It has alarge foot on which it walks and a
flat shell on its back, in which the viscera are con-
tained. From the heart in this enimal there
originates s large blood-veasel running downwards
towerd the head, and the blood no longer contained
in this vesse! is diffused into a cavity, so that the
tongue and posterior apparatus of the digestive or-

ans are actually swimming in the cavity full of
ﬁlood. From the walls of this cavity new tubes
arise, which unite into other vessels, and thus form
an artery or & vessel running backward and di-
viding into the body.

In others of these animals we have the blood-
vessels opening into the'cavity which contains the
viscera and surrounding the stomach-~surrounding
the intestines—and surrounding the liver, and then
again absorbed by vessels to be diffused into the
lower parts of the animal. 8o that there are every-
where blood-cavities into which the blood-vessels
open, and from which other vessels arise and diffare
again the bloed into the organs.

The extraordinary structure of the blood-vessels,
and of the circulation in the Mollusca, bas not been
long known. It is the discovery of one of our most
eminent naturalists—the present Professor of Nat-
ural History in the Jardin des Plantes in Paris, It
throws moat important light on the mode of circula-
tion and of the organs of circulation in the animal.

How are the blood-vessels and blood formed in
animals, and how does circulation begin? In ex-
'mining the egg of a fish, for example, we first ob-
serve an accumulation of red corpuscles, which be-
gin to move in different directions, but without ves-
mels, till, after a certain time, there is a regular
movement of some of these blood-corpuscles in a
straight direction; and then they will extend over
the surface of the yolk and form regular streams,
but always without vessels till the vessels are
formed around the blood, when regular channels
for the circulation arise from the fact that vessels be-
gin to form around the corpuscles, similar to what
we see eccur after 8 heavy rain. When the water
runs over the street, there is at first no channel
for the water ; but after it has run for some time in
different directions, channels begin to present them-
selves, which gradually become deeper and desper
in the softer parts, till the water remains bounded
by themn. Bo in a living animal, the cells, being
excited by the current of the blood, are graduwally
formed into channels. The young animalis formed
entirely of cells. Some of these cells become mov-
able and are moved in different directions and form
little streams—little currents in different ways, and
then after these streams have become regular the
vessels are formed around them. In this way you
have a full explanation of those large blood cavi-
ties in the Mollusca; and those unconnected blood-ves-
sels opening into the larger cavities and a heart
which is central, but which does not communicate
'with the most distant portions of the body. I think
the only wey to understand the circulation
is to consider it and the blood as arisin,
from the liquefaction, as it were, of the cells whicg
form the animal, which then become movable, un-
dergo a motion in precise and wniform directions,
and then are sarrcunded by cells which form the
vessels, and which form the heart. It is only when
tracing all these phenomena in the young animal
within the egg that these details can be underatood.
But I could not help a.dvertinfkmto the formation
of the blood-vessels when speaking of a class in
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which the circulation is so unique as it is in the
Mollugca.

Let us now turn our attention to the Mollusce
themseives, and see what form they show in the
whole range of the class. All the diagrams on the
wall belong to that class, but you will perceive
that they present many different forms. "Here is an
animal resting on & stem. There is one very like
a coral. Here is one which for a long time has
united with the coral, and by many naturalists is
ranked as such. You perceive that it has cells
similar to those of the common coral. Here you
have animals with two unequal valves. Here,
others with two equal valves. Here one with one
central valve eurved. Others without any protec-
tive valve. All these diversities exist in one and the
same class.

The Molluscahave beendivided intothree classes.
The first class is the Acephal@—animals without a
head. They really have no head. The anterior
and posterior extremities hardly differ. This class
of acephale have the bivalve shells. You have
here examples of them; two shells united in the
superior margin and movable along the back. But
many of them unite to form compound masges.—
Yet the organization of the individuals thus con-
nected has been ascertained to show the same
structure aa that of the bivalveclass. I shall soon
enter upon the details after I have explained the
characteristics of the acephalm.

The characteristic of this class is to have two
symmetrical regions; a right and a left side, over
which hang the respiratory organs. 1fI cut across
an oyster, I find that the vertical line is longer than
the longitudinal diameter. Here ia the anteriorre-
gion of the oyster—here the posterior region: and
you perceive that the vertical or perpendicular di-™
ameter is greater than the longitudinal diameter.—
Here we have the interior mass of viscera, the sto-
meach; apd here are both sides, the membranes
covered with blood-vessels, which are the gills, two
on each side. That is the general character of the
acephale, to have the gills surrounding the alimen-
tary canal, the liver and other organs which are in
the centre of the animal; and over these sometimes
only one pair of gills ; over that, again,a gkin, which
lines the shell all over its internal surface, which
hasbeen called “the mantle.” This arrangement
of parts is the general structure of bivalves or ace-
phalous mollusce. This * mantle” is sometimes
open the whole length of the animal. Bo itisin
the oyster. Perhaps there is no animal among the
Mollusca so interesting in its structare as the oys-
ter. [Here the learned Professor explained a dia-
gram illustrative of the structure of the oyater,
which, with the other diagrams, will be given
hereafter.]

Allow me a few minutes beyond the hour, which
I see has now expired, inorder to finish the de-
acription of the acephele. (Applause.)

The shells are not always symmetrical. Some-
times that of the right-hand side ia larger than that
of the left-hand side, and wice versa. Sometimex
the anterior and posterior extremities are equal,
while the two sides are unequal. Sometimes, on
the other hand, the two sider are equal and the
extremities unequal, and in these differences we
have characteristics by which a great number of
these bivalves may be divided into families. Itis
important in the beginning to give them the same
position when we desire to compare-them. For
inatance, in some of them we have one valve con-
vex and the other flat. Many naturalists have con-
sidered these cases to present instances of a dorsal
valve and a ventral valve. But when we examine:
the formation properly, it is eaay to perceive that
this is an error, and that what was called the dorsal
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valve is nothing more than an exaggeration of this
form which we see in the oyster, where one of the
valves is deeperthan the other and is flat. The
only difference between the terrebrachela is that
in them the anterior and posterior margins are en-
tirely symmetrical, and only the right-band and
left-hand sides are unequal. It is pot so in the
oyster. It is important to understand this point. ,

Let us take a symmetricel bivalve sheil and be-
gin with that. In'that the right and left sides are
easily known by the positions of both, by the
appendages round the mouth and the Rymmetry of
the valves. There are two equal valves—one on
the right, the other on the left. Here is the month.
Here is the back. Here is the foot by which the
animal walke, protruding between the two valves.
Here are the tubes by which the water enters.—
You see that the anterior end of the animal is broad-
er than the posterior, aud in-every respect it is ea-
sy to see the proper position of such a shell. In
the oyster these anterior and posterior ends are so
jrregular that we have no means to ascertain which
is the anterior and which the posterior until we
open the animal and discover the position of the
mouth. There we see that the mouth is between
the two shells here ; that the long diameter is the
vertical diameter; that this is the right valve and
that the left valve, the valves being unequal, one
convex +nd the other flat. But in the terrebrache-
la we have the right-hand valve convex and the
left-hand valve flat, but the anterior and posterior
edge cut precisely in the same way—and thus ihe
extremities are so precisely symmetrical that the
blood-vessels which you see inthe anterior and
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posterior half are distributed in the same manner,
and that there are two hearts, anterior and posteri-
or, 80 that if it was not for the position of the mouth
and the direction of the alimentary caral, it would
be impossible to ascertain that thix wasa the anteri-~
or extremity and this the posterior extremity of
the animal; this the back and this the foot.

Another important peculiarity is this: that the
mantle lobe which covered the internal portion of
the shell leaves a deep impression on the shell,
from the action of the muscular fibres by which it
is attached to the shell; and as there is a long tube
by which the water is introduced between the
valves in some of these animals, and which is re-
tracted and introduced between the valves, a large
sinus is formed. Thus, on opening a shell, you
can ascertain whether the animal to which it be-
longed had this tube or not, by the nbsence or ap-
pearance of this sinus— the impression of the
tube. Whenthe tube, or ““siphon” as it is called,
has been long, the impression is considerable; when
short, the sinus is not so marked. This difference
isimportant, because in the examination of foxsil
shells, these impreassions constitute the great test
by which we ascertain the character of the animal
which o°cupied them. 1t is in this way that en
idea has been formed ofthe animals which occupied
the fossil shells, almost as precise as if the animals
themselves were before us. The only difficulty is
to compare a sufficient number of types in order to
become completely acquainted with all the varia-
tions and relations of those parts, and to trace the
analogy with accuracy and euccess.

[ —

LECTURE V.

The Anatomy of the Oyster....The Ligament....The Mouth....The Gills....The Stomach, Liver, Ovary and
Heart—Position of the Oyster....The Fossil Bivalves....Important considerations relative to the Symmetry of
the Bivalvea.,..Order of Succession....The various Groups of the Acephal=....The Skells of comparatively
little Importance....Changes in the Classification of the Mollusca and other Animals....Tribute to the Labors of

Cuvier.
CLASSIFICATION OF THE MOLLUSCA.
J1..ACEPHELA :eranee vernie {Vithout head.)

1. Bryozoa . .{Moss animala.
2. Tunicatd .. .(Having a coat.
i (With feet like arms.)
.(With one muacle.)
‘With two muscles.)

...(Feet below the abdomen.
.«.(With branched intestine.

II..GASTEROPODA «-0 v
1. Phlebentera..

2. Trochoidea........(Trochus-like.)

3, Buccinoidea.......(Buccinium-like.)

1. Pulmonata. ...(With aérial gills.)
111..CEPHALOPODA... (Feet round the head.)

1. Sipiodea... .{Squids.)

(Nautilus-like.}

2. Nautiloidea..
iti .(Ammonites-like.)

8. Ammonitidea ..

LADIES AND GENTLEMEN : After having given &
general outline of the characteristics of Mollusca in
the last Lecture, I proceeded toillustrate the peculi-
arities of the first class of that group celled acepha-
lm. Then having entered into as many details as
possible with regard to their stracture, I aliuded to
the different groups which belong to that class,
but as perhaps many or some of this audience mav
wieh to know how these facts are sscertained, I
have brought here some of these animale in order
to demonsirate in them the peculiarities of their
organization. For, let me remiad you that the ob-
jects in Nature are notseen a8 you see them deline-
ated in the dingrams. Io the disgrams the objects
must be represented of larger size thean natural,

and in strong outlines. Things are not ro easily
seen in Nature, and therefore I wish to show you
in what manner we must proceed in order to see
fo. ourselves the objects in nature, and how we are
able to proceed in making new observations and
comparing the types not yet understood.

I have thus taken for example the oyster, as it ig
the most common of this order of animals. I have
been told that there was some misunderstanding in
the minds of some of my auditors, when I explained
the difference between the oyster and the common
bivalve shells. The misunderstanding was with
respect to the shell which is concave, and arose from
not attending to the manner in which the shells
were held in the hand when demonstrating them.
The two valves are united at one end by what is
called the ligament. It is an elastic substance,
which contracts when the muscular power of the
animal which closes the valve is relaxed. In order
to open an oyster, particalarly for snatomical in-
vestigation, it is only necessary to pass a knife be-
tween the valves on the back, mear-the projecting
portion, where the two valves are united, so that
the strong muscular portion of the animal, and
which passes across the whole body and fixes it-
selfto the valve, be divided. You see this dark
spot in the centre of the valve. Here is the mus-
cular portion, tough like meat; and the fibres of this
part of the animal are transverse, running from one
valve to the other. Now after the valve is re-



The Animal Kingdom.

moved in such & manner—it is not much matter
what valve is removed, only perhaps it is more
convenient to allow the animal to remain in the
deep valve, which retains the water—you see at
once the animal in its nataral position. Here you
have this mascular portion, which is the toughest
part of the animal, and then & skin which runs all
around the shell. This skin which lines the whole
inside of the valve, and which can be upheld very
easily, is attached to the muscle, and ruos all round
the shell to the margin. If it appears now not to
cover entirely the surface of the shell, it is owing to
the contraction of the fibres which are in this mem-
brane. The margin of the membrane itselt has a
wery complicated structure. There are fringes,
sometimes most beautifal and of very elegant color,
in the different species of clams and bivaive shells
and when you remove this portion of the shell,
which is called the * mantle,” you have another
membrane quite similar to that, which is situated
transversely. This is the gill. There is another
inside—a second one, 8o that there are two lobes of
the gill on one side ; and above that two long tenta-
cles, which are placed here above the mouth. On
the other side we have the same structure. Now
the mouth is here on this upper portion of the shell.
All that may be more easily seen when you keep
the whole animal in water, as then, with a brush or
pencil, you can elevate the one above the other,
and examine their beautifal structure.

In this upper portion of the animeal is the stom-
ach, a large cavity sarrounded by a dark brown
colored liver, which forms the softest part of the
oyster. Around the liver is the ovary. The eggs
are so minute as not to be perceptible to the naked
eye, but are readily seen under the microscope.—
The intestinal tube, which begins here between
the tentacles, at the anterior portion of the body,
turns twice between the liver and the ovary, and
then passes through the upper region, in which we
see the heart of the oyster. The intestinal canal
does not pass through the heart of thé oyster asin
other animals, which I shall demonstrate immedi-
ately. What is peculiar to the oyster is that the
¢“mantle’” is open all round. There is no siphon,
but the water, as often as the shell opens, canreach
immediately the whole surface of the gill—the fuod
can immediately reach the mouth, so that the ani-
mal bes no need of & tube which could be elongated
and protruded between the valves in order to ab
sorb the surrounding water.

You see that the position of the mouth indicates,
without any doubt, that this is the anterior edge of
the oyster; and this the superior; this the inferior
side; and this the posterior. As I have remarked
the animal rests forever on the deep valve; 8o that
when examining an oyster anatomically, in order to
compare it with other shells, we must put itina

osition different from thatit used to have in nature.

ut this is the case with many other animals.
Among the water-insects, for instance, there are
many which constantly swim with the feet upward,
but nobody when comparing them with others
would think it proper to compare them in that re-
versed position. We must in these cases bring the
animal into the natural position of the greatest
number of animals in order to come to & right un-
derstanding of the correspondence between the
parts. So it is with the common hard clam. Thus
the two valves are precisely identical in shape —
But after having removed one of them you see
a great difference in the structure of the animal.
There are two muscular bundles uniting the two
valves; one on the anterior and the other in the
posterior portion of the animal, so that the two
valves are shut by two sets of muscular fibres, and
not by & central set as in the oyster. .And these
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two sets of muscles are placed one on the anterior
end the other on the posterior end of the animal
Those two muscles act, however, in the same man-
ner as the single muscle in the oyster. The mantle
here surrounds the shell precisely in the same way
as in the oyster, but it is notopen all around. Here,
about two-thirds backward, the mantle unites from
the twosides. It is open only on the anteriorridge,
80 that the water can enter either between the
mantle lobes or through the hole which is formed by
tbefjunctinn of the two portions of the mantle.

If, as I have done here, you remove the mantle,
you see similar flat membranes, which are the gills.
They are so collapsed in this animal that I cannot
show them. They should becovered with water, and
those who wish to see their structure may remain
after the Lecture, and I shall put the animal in
water and demonstrate these membranes. There
is & considerable muscular mass, underneath which
is the mascle or foot by which the animal walks.—
This foot they protrude between the valves, and by
means of it fix themselves onthe sand or stones and
creep along by successive contractions and expan-
sions of their body. In the same way as in the
oyster, we have here the mouth surrounded by ten-
tacles. The liver is above, and of a brownish color,
a8 in the oyster. Then we bave the heart here, be-
tween the gills, and the intestinal cavity,and the ali-
mentary canal which passes through the centre of
the heart. The beating of the heart can be
seen for a long time after you open the valves of
the oyster. It beats seven or eight times during a
minute. In the hard clams the pulsations are al-
most the same in frequency. When contracted,
the heart is of very small size—when expanded, it
is three times aslarge. This operation of the heart
may be very easily seen if you put the animal
after you open it in the water, so that all the parts
expand. Here thetwo valves are symmetrical, and
the anterior extremity differs from the posterior. I
have already alluded to this fact,but I want to show
one thing more about them, as it is important in
order to understand the gradations among the bi-
valves ; and to understand the reason why so much
importance is put upon the question how the ani-
mal stands or lies in its nataral position 7

We have seen that some of the distinguishin,
characteristics of the Mollusca are, to be sy mmetri-
cal, to bave a longitudinal axis and an anterior ex-
trewity at which the mouth is situated. But what
is singular, these animals in their organization do
not yet stand so high as to assume = constant posi-
tion of the sides of the body.

The anterior extremity is constantly marked as
the anterior, the prevailing portion of the animal;
but the sides of the animal, the posterior extremi-
tiesaresometimes lying on the right or on the left,
and sometimes evenuplifted in o very irreguluwty:

Now, hu: o W NAVa R GIVLve W WL Lvo g
rical shells. Here is the ligament uniting 5;1:!:1;:;
valves, and here some tubercles on the edge of the
valve which are usually but incorrectly called
teeth. They are by no means teeth. They are
merely serratures or dentations. Here is the mar-.
gin of the shell by which the two valves unite more
strongly ; this portion of the shell has been called

the hinge.
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Now this being the anterior extremity where
the mouth is placed, this will be the posterior ex-
tremity. and we will have an animal walking with
the aid of its feet in an upright position, the mouth
forward, the feet downward, the right and left
band in an equilibrium on the right and left
band side and the back upward—the posterior
being backward. But in the oyster, When the
two parts are compared with one another, in
such an animal we will find that no longer is this
sition maintained, but the animal through life
ies flat on one side, from the beginning. The young
oyster lies on one side of the egg ; begins to grow in

at position and never comes tohave the anterior
extremity forward and the sides in equal position.
One side, the left, remains below, and the right in
the form of & cover upward, resting upon the lower
side.

Now, in the oyster, the anterior and posterior mar-

s of the animal are not equal; nor are the right
and the left valves equal. Here we have inequali-
ties between the two valves, and these inequalities
are very great—not only are the two valves very
unequal, but you see the anterior edge car-
ried forward—the posterior edge is emarginate.
Now, we have other bivalves where one valve is
very deep and the other flat; but where the extre-
mities are identical. They are called the Brachi-
opode. It is very important to ascertain these
facts, because they point to a most extraordinary
circomstance—it is this : that in shells found in
strata forming the crust of our earth, we bave
none which have the two valves unequal. There
is not one bivalve shell with equal valves in any of
the ancient strata. There was not one of the an-
cient bivalves which had this bilateral symmetry
in its sbells. All belonged to that class where the
two sides could not yet be equalized and stand up-
right, and of course we must consider them as of a
lower grade than those where the symmetry is en-
tirely perfect.

There is even something more. We bave not
only the valves unequal, but the anterior and pos-
terior extremities unequal. Though these valves
are still unequal, there is still an approach to a dif:
ference between the anterior and posterior extrem-
ities. The anterior extremity curves forward, though
the posterior does not yet extend backward. Bat
the fact that there begins to be an equality shows
that these stand above those where the anterior
and posterior extremities are precisely identical.—
Now again, those which are terrebrachela, which
have the anterior and posterior ends precisely iden-
tical and the valves unequal, are the oldest. They
fill the strata below the coal, and in the coal. We
have not yet any of those which have unequal
valves, wiv.i unequal anterior and posterior ends
before we have passed the epoch of the coal. 8o
we see a gradation of the animals in each series,
corresponding precisely with the order of succes-
sion of animals in time. Thusthe great importance
of understanding these facts, which at first appear
to be rather insignificant. Bat, you see, when I at-
tempted to show that there was a difference in the
aetual position of the animal in water, how it stood,
orlay, I expressed the law of succession of types, the
1aw of gradation of organization from the earliest
appearance of organic life up to the present time.
Of course, theoldest types once introduced have not
been allowed to die out. We have in aliving state
several brachiopods, bat very few, peLrh‘lpl t;?'e-
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occur only in the upper strata of the crust of our

lobe, which begin in the last time, as it were, the
ast historical and geological periods. Of course
there are some few species which run through s
greater range of geological time. I give oaly a gen-
eral outline of this succession, in order to show the
importance of this thing.

Perhaps it would be more attractiveto enter inte
details of the mode of living of these animals, their
uses. habits and so forth; but these things may be
found in almost every text-book, while anatomical
details and these more general bearings of the strac-
ture, with geological phenomena, are scattered in
isolated papers, and some of these views have onl
been known for a short time, 8o that 'perhapl it
more advisable to stick to this point of view rather
than what is usually called the history of these
animals. (Appleuse.) It will of course be per-
ceived that this difference between the bivalves is
less important than has generally been considered.
Whethber the mantle be united with the whole
length of the animal, and whether it be opened for
a greater portion is of less importance than many
conchologists have thought.

And again, whether such an animal has a hard
shell or not is of trifling importance. We have, in
fact, a great number of animals, quite similar in
their structure with the bivalve shells, which have
no shells at all—and have only a membraneous cov-
ering, and it is according to this difference that the
class of acephel® has been divided into the follow-
ing groups:

y I d

First, the Bryosve. These resemble the polypi
in size. Inthese the anterior end of the animal ig
surrounded by a circle of tentacles, and these have
cilia all round, by which they can introduce the
water. Within this membraneous covering of the
animal, is a structure quite similar to the shell of
the oyster. BSometimes members of this group
bave calcareous stems like the coral.

Next we have the Tunicata. They have mere-
ly the opening for the introduction of the water to
t{e gills and the mouth. It is like an oyster with-
out shells, where the skin is entirely united the
whole length of the animal :

Then there is the Brachiopoda, with the valves
unequal, but the anterior and posterior extremities
symmetrical. Here is the hole through which thess
animals protrude a ligament which is used as the

of attachment. These animals constantly

fiftieth of the whole number, of the p e
haveofthese bivalves a greatnumber, but they begin
about the middle age of the history of our earth, and
the number is about equal to the number of types
now living. Now the symmetrical bivalves are the
most numerous living in our days, and those which

lie upon the flat valve attached by this ligament,
which passes through a hole in the larger valve. I
is this type which is the most common, and in fact
the only one, found in ancient atrata. All the lime-
stone and coal strata in the United States containg
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great number of these bivalves whieh are very
well known to conchologists:

Here we have the type of the oyster—the Mono-
myaria. These have unequal valves and are also
unequal in the anterior and posaterior sides, and
bave, as their name imports, a single muscle run-
ning between the valves.

The last group is the Dimyaria.

I have taken up this view of the subject in order
to impress the audience with the importance of an-
atomical investigation with reference to successive
types during geological epochs. It shows that there
s a plan successively realized in Nature; and that
the types now in existence were in view at the begin-
ning. Bach a series cannot be realized, unleas at
the beginning, the termination of the plan was al-
ready sketched out. 1If it were otherwise, then it
would be precisely like one sitting down to write
8 book without having formed his plan. If he does
not know where he is to go, how can he ever come
toanend? (Applause.)

‘We next come to the class of Gasteropoda, the
name being derived from the large muscular disc
by which the animals creep. Here it is a flat disc
of muscularfibres which contract successively and so
‘move the animal. What is very singular is that
some of these animals are able to walk against the
air when swimming at the surface of the water.—
It is necessary to explain that in order to make it
<nderstood : .

Let this bo u waier-basiu, aud e scvel of the
water above. W e have here the pressureof the at-
mosphere upon the water. Let now a fresh-water
mollusc of this class be placed at the bottom of the
vessel in this position. 1t will rise to the surface
by expansion. It will diminish its. own weight
somuch that the animal will rise to the surface.
How is that possible? The animal sinks because
it is heavier than water. Butits weight is sonear-
1y equal to that of the water that the moment it
assumes a larger size, by dilation, it displaces a
greater quantity of water and becomes therefore
comparatively lighter than the fluid, -and by this

rocess it slowly comes to the surface of the water.

'he moment it contracts it of course again sinks.
When at the surface of the water the feet will be
upward, and by the contraction of the feet the pres-
sure of the air upon the water is a sufficient resist-
ance for this animal to walk along on the surface
of the water, and any one may have the pleasure
of seeing this by observing the motjpns of any of
this species so common in all eut fresh-water

nds. Nor is the motion of this animel very slow.
F;mve seen some not more than half an jnch in
length walk a foot in this way in a minute. This
showa that the resistance must be considerable.

1
-
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All the gasteropoda have that muscular disc at
the lower portion of the animal, and have been so
called because the disc is below the visceral cavity
orabdomen.

Here I take occasion to remark that many impro-
per names have beengive to animals of these lower
groups, because the animals themselves have nog
been sufficiently understood. 8tillit is perhaps ad-
visable toretain the names, as if the mode of classi-
fication were to be changed to meet every fresh ac-
cession to our knowledge, the memory would be
embarrassed and endless confusion be produced.

Most of the gasteropoda have the body covered
with shells; but a great number of them are naked.
Here are some very beautiful from the variety of
their colors. The size and thickness of the shell
vary very much. In some the shell is so minute
that it covers only a small portion of the animal.
In others the shell is entirely concealed in the skin,
and is seen only when the skin is cut open. The
shell cannot be considered as a very important part
of the animal. There are almost as many of the
Mollusca destitute of shells as there are possessed
of them. Again: all those without shells had
them when young. If the shell were of as great
importance as it is generally deemed by concholo-
gists we would not see so many of these animalg
naked. Though very beautiful and diversified, the
shells, then, are of comparatively little importance.

Yet the shells after all are not without their value
in the study of Natural History, for it is by means
of them that we can study the Mollusca of ancient

eological times. In a fossil atate there have been

ound & great many of these univalve shells. Buf
we do not know how many or what sort of naked
shells existed in those epochs simultaneously with
the others. It is only from those which had &
hard coat that we can form an idea of the gaster-
opoda of ancient times. .

The shell of tnis class is often a single flat disc
without any circumvolations. In that case it is
formed of successive layers, growing larger and
larger, and forming concentric lines as you see
here. The mode of deposition of this shell isin

this way :=F —L2

ous disc. Then, as it grows larger, the mantle se-
cretes another layer, a larger layer, and another,
and another, each still larger, and so the shell grows
in proportion as the animal grows. Now in several
this disc is flat. In others it is more or less conical.
Here is the beginning of a cavity into which the
animal can retreat. In some it is even a deep cone.
In some the cone is 8o high as to be like a cylindri-
caltube. But usually this tube is rolled up, and
that in a very peculiar manner. Sometimes in roll-
ing it willform a few circumvolutions, and you have
an apex. o
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In some the circumvolutions are very nu-
merous, and succeed each otherin sucha way as
to form a high spire, and you easily understand that
that is & mere tube rolled in a spire. Bometimes
the tube thus rolled turns to the right—sometimes
to the left. But what is remarkable, all the indi-
viduals of a species which is designed to be rolied
up to the right are turned the same way, and per-
haps of thousands and tens of thousands you will
pot find more than one reversed. These reversed
individuals are highly prized by collectors of shells.
They are extremely rare. Among the common
sneils we find perhaps more of these reversed shells
thao in any other class. What may be the cause
of this constant rolling in one and the same direction
is not known. It begins in the egg.

The opening in the shell is generally circular.—
In some cases it is oblong. In some it has a notch,
and through that there passes a membraneous tube,
through which the water is introduced and reaches
the respiratory organs. Here is & case in which
this prolongation forms a kind of siphon, protecting
the membraneous tube. An animal with such a tube
can breathe without moving its body. Those which
bave a circular opening are obliged to come out
when they breathe. Sometimes the membraneous
tube coming out of this notch is very long, as long
as the shell itself, and forms a kind of horn, rising
above the animal. Many of this cless become blind
when they are full grown.

The mouth is usually surrounded by the tentacles
and is at the anterior part of the head. But some-
times there is a proboscis, a long tube, at the erd of
which we have the mouth.

In some, on the contrary, the mouth is very
short, and in such the proboscis protrudes. In
this respect there is a great variety, as there is
also in the form and shape of the foot and mantle.
In some the foot is much broader than the shell, so
that when you look on the animal from above, the
shell does not seem to be more than balf the size
of the foot. In other cases the foot is so large that
the shell and head of the animal constitute the
smallest portion. In this respect great diversity
exists.

Again, in some the mantle is go broad that it will
cover a portion of the shell by folding itself back-
ward, thus concealing the greatest portion of the
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shell, and we have cases where the foot is of an
amazing size when compared with the size of the
animal. All these differences are imporrant, as it
is owing to some of them that concholog sts have
divided the gasteropoda into several clasases.

One is thac classcalled Phlebentera, entirely na-
ked, and peculiar for the structure of the intestinal
canal. Their name indicates that pecaliarity. The
alimentary canal forms a kind of circulation, and in
this respect this family does not stand much higher
than some of the medusese, but they differ in the
respect that the alimentary canal has & longitadinal
axis. They have, all of them, external gills,
sometimes most beautifal, forming bunches of blood-
vessels hanging outside, which are used as oars
and constitate the means of locomotion. The
modes of locomotion are either by the feet creeping
along or by the gills in swimming.

There is another group rather interesting, which

conteins animals of so greatly varied appearance,
that to one accustomed to combine animals ac-
cording to their general appearance, it seems
unnatural to classify them in one family; bug
they have been so classified by so high an au-
thority in Nataral History that no one has dared
to alter the classification. A Bwedish Natuoral-
ist has proposed a modification of the classifica-
tion of Cuvier, and indeed it is quite reasonable to
suppose that as the investigation of Natural His-
tory proceeds, and fresh discoveries are made, mod-
ifications of classification will become necessary.—
Nor does it in the least reflect upon the exalted
character of the great Naturalist I have named, to
whom tke science owes so much, that these changes
should be deemed necessary. Ithas perhaps been
owing to his immortal work that scientific men of
ourday bave been able to improve the methods of

our earlier naturalists.

——

LECTURE VL

.Remarks Explanatory of the L

Views entirely different from those advanced in the “ Vestiges of Creation”....Character of that Work..

er’s Views with regard to the Succession of Animals in Geologicsl Times....His

Classi-

fication of the Gasteropoda not Natural....The Trochoid®....The Pulmonata....The ‘ Cuttle-Fish”...,Interesting
Peculiarities in the Organization of thes¢ Animals....Fossil Shells.

LADIES AND GENTLEMEN :—Several questions |
takes place. This epoch between the formation of

having been put to me with respect to the views
which I entertain in regard to the development of
organic life, and some observations having been
made with respect to the tendencies of the facts
presented in my Lectures, I deem it necessary to
explain what I understand, in reference to the suc-
cession and development of organic life.

These words are constantly used and some-
times in very difterent senses, so that there is in-
finite mi standing g those who use the
same words and mean very different things by them.

When we speak of what comes later we of
course have reference* what comes before. We
will take for illustratic’a ;ae chick. From the time
when the egg is laid to the period when the ma-

ture chick is hatched, a succession of changes

the chick and its full growth is called its develop-
ment, and the changes which such an animal under-
goes during this time are its metamorphoses. We
have often limited the meaning of metamorphoses
to the changes which weperceiveinthe butterfly—
in the caterpillar, where these changes are inter-

rapted and are very striking. Everybody knows

that a butterfly is formed from a caterpillar out of
an egg. The caterpillar, or worm-like animal, af-
ter it has grown to a certain size undergoes a
change—it #@ssumes & new form, that of the
chrysalis. It is motionless and 8o remairs for a
certain time, till vut of this comes a living butterfly
with all its brightness and vivacity of life. Now
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these changes have usually been called metamor-
phoses, although not mo striking, nor interrupted in
such a maaner aa to form distinct ages in the life of
the animal. They pass from one to another, and the
early state of the chick, for inatance, ia 80 dissimi-
lar to the fall-grown chicken that noone recognizes
them if they have a chance to compare them. Bat
if we can trace sll the intermediate atages we find
that they are connected in such & manner that
there is no interruption to the succession of these
ohanges—and thus we do not in that case usually
sperk of metamorphosis but of development, and
such a development is also called the progress of
an animel during the different stages of the egg.
In a metaphoric manner we are also accustomed
to speak of metamorphoses in the Animal Kingdom
through different sgea of geological time. Kvery-
body knows that the earliest Geology hasbeen made
no clear that I suppose ail know that the atrata
which form the crust of our globe contain a
eat number of fossil remains—remains of fossil
eings in all classes of the Animal Kingdom—and
when tracing the whole saccession of these animals
wre find that the most ancient strata—those which
form the lower beds of this crust of the earth—are
different from those which are found in the interme-
diate beds, and which differ again from those found
1in the uppermost beds.

‘Now in this succession of atrata and of animals
through the whole range of geological epochs, we
‘have what is considered a progress. Woe find that
the types in alithe lower beds resemble the lower
types of the now living animals. For instance, I
have mentioned that the Brachiopoda among the
Mollusca are the most ancient acephala. We find
among the vertebrated animals that fishes only are
found in the lower beds. There are noreptiles, no
birds, no mammalia, nor any of the higher classes
of the Animal Kingdora. And here, again, we ma
speak of & progress in the sucoession of types. [}
can speak, also, of a metamorphosis in the Animal
Kingdom, but notin the same sense in which we
apenk of the metamorphosis of an animal ; becanse,
when we have a batterfly arising from a caterpil-
1ar, then we have one and the same animal contin-
ually living without interruption, and passing
through successive changes ; while, whenwe speak
of the metamorphoses of the Animal Kingdomofthe
different classes—when we speak, for instance, of
the metamorphosis of the class of Acslephwm, and:
consider the Brachiopode, Monomyaria and Dimyn-.‘;
ria as different stages of this metamorphosis, of
ocourse we would have here a succession of differ-
ent types, different animals, unconnected mate-
rially—not the same living beings undergoing these
changes, but & number of distinct individuals un-
oconnected with each other, not derived from each
other. Nevertheless, there is in their succession a
gen analogy—astriking analogy, withthe changes,

e progress, the development observed in one and
the same individual while growing from the egg to
the full size; therefore, what we call metamorpho-
ais, progrens, development, in one sense, is entire-
ly different from that which we call by the same

name in another case. In the succession of the |:

changes of an individual, we have really a progress
in one thing; but we have in the other case a pro-

sn of the plan—and a progress on a plan arisin
in a succession of species which do not descen
from each other—which, have never been derived
from each other, as two different individuals of one
and the same species are derived from each other
through successive generations.

Therefore we should never mistake these two
things. In the one case we have individual sac-
eessions of changes—in the other cate we bave a
plan which is successively modifigd and where the
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progress is introduced by a series of species under-
going changes independent from each other; and
in that view, in such a progress, such a gradation
only, in the plan, we recognize the mode in which
this succession #o introduced proceeds in diffsrent
epochs.

I make theso observations in reference to soma
remarks made and questions which agree with cer-
tain philosophical views entertained ia some quar-
ters. Now, [ have not to teach Natural Philoso-
phy, but to give & aketch of Natural History—of the
Animal Kingdom ; but as a knowledge of the Ani-
mal Kingdom has constantly & bearing on philo.
sophical questions, of course {ou cannot avoid refs
erence to them. ButI would only make this dis-
tinction, that in the case of the metamorphoses of
individaals we have a series of phenomena arising
from the fact, that the species has been called into
existence with the properties of undergoing suc-
cessively these changes. But with the progress
of speciés, as we find them in different geological
strata, the question is: can we find in Nature ex-
ternsl causes which will produce these changes?
and, again, can we refer these successive appear-
ances of different types to theinfluencesof external
causes? 1 say no; because, since’ Man han studied
Nature he has never seen any species modified un-
der external influences. The most ancient monu-
ment whose mummies have been studied, shows
animals quite identical with those who live in the
same country now; therefore we see, that as far ag
we can reach, the species which exist now have
bad the same characteristics which they have at
this present day ; and, therefore, it would be illogi-
cal to suppose that what does not occur for so long
an amount of time has been the cause of all the va-
rietios which we see inNature. And again, the
fact to which I alluded in the last Lecture, that such
a vast variety of animals, living in the same cir-
camstancen,in the same locelity, and again animals
of the very same types as we have in the different
geological epochs, showa evidently that thiese ex-
ternal circumatances are not the product—have not
been made by external influences—but have been
srranged with the plan which was formed at the
beginning, when the world end the organic beings
were called into existence with the end of introdu-
cing Man. (Applause.)

These views—to which I shall recor when I come
to speak of the position of Man in Nature, and of
his relations to the Animel Kingdom—disagree en-
tirely with the views, and have not the slightest
alliance with the views of a work which is very
much apoken of, but which I consider entirely un-
worthy of notice by any serious sceientific man—be-
cause it is made up of old-fashioned views which
have been brought before the notice of the public for
halfecentary,by the French school, and are support-
ed only by antiquated assertions, and by no means
by facts acientifically ascertained. It mustbe owing
to some particular circumstance that this work has
been 80 much naticed, because really it is nat wor-
thy a critical examination by a serious scientifia
man.

! Now, after this too tedious explanation, let me
.come back to my proper subject, and 1 beg to be
ellowed to go on regularly with the subject, as
questions are fraquently submitted in reference to
Lectures already delivered, which really are not rel-
evant or pertinent to the present object of our in-
vestigations. In the proper place I should have
been led to speak of the points which have been
the subject of this explanation, and the remarks
just now mede would with more propriety have
been introduced at the close of the Course, had I
not been asked 8o often to give my views in rela

tion to these questiona. (Applause.)
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I remarked that the gasteropoda are not prop-
erly classified. Their stracture is generally well
known, but the details of the different groups have
not been sufficiently ascertained for the purposes
of a strictly natural classification. The gills, which
have been made the principle of classification, vary
80 much, and the variations are of so little impor-
tance that I do not suppose a natural classification

TS - can be educed on that
ot T principle. Youremem-
i ber I mentioned the
Phlebentera as the first
group. The alimentary
canal is distributed in
them ina mannersimilar
ro blood-vessels, and dif-
A s ‘uses the product of di-
—— <estion through the
body, aud even inthe gills. Youhave herethis canal,
Which is & ramification of the alimentary tube, and
ou see herg how a vessel, as it were, runs in the
ranchi, which is nothing more than a duct arising
from the alimentary canal, and performs functions
similar to a blood-vessel.

The next group is the T'rockoide, according to
Cavier. . This group contains the only species pro-
vided with shells. There is & circular opening in
the shell, without the notch, and the animal is quite
similar to those which have a notch; and again,
quite slmi_lg.r also to some of the naked animals. To
those familiar with the structure of-Mollusca it will
be obvious that there is scarcely any difference be-
tween this group and several of the other classes.
The only difference appears to be that a portion of
the animal is in one case covered with shell, and in
the other it is naked. I am satisfied, then, that the
distinction is not natural, but that this group should
contain all the naked mollusca, which have the
same structare. The difference between those
which have and those which have not the notch is
of no value at all. I will quote an example: The
common limpet has no notch, but there is an open-
ing on the side, for the introduction of the water, as
large as on any of those which have & notch, and
the animal can breathe without coming out of its
shell just as well as those which have this long
membraneous tube coming out of their notch. It
forms a group entirely different from all these.
The classification of the gasteropoda, then. is not
at all natoral. Perhaps this may offer aninducement
to some young naturalist to begin the study of this
class of animals, which are 80 numerous along these
shores, and some types of them s0 large that an op-
zortnnlty is afforded for their examination such as

not to be met with on any of the European coasts.

Ihave yet to speak of two additional groups of
the gasteropoda; and first of the Pulmonata, or
those provided with so-called lungs. The slugs—
the ansils, belong to that group. They form un-
doubtedly a natural group. Though they have an
organ of breathing similar to the gills of the other
Molluaca, it is peculiar in this respect that the air
which is broaght in contact with the blood. vessel is
not mixed up with water. These animals breathe
the atmospheric air and not the small quantity of
air contained in all water. They ars well known
under the name of land and fresh-water shells.

T would here mention
11 peculiarity in the respi-
atory stracture of these
| inimals which is worthy
i notice.. In this pro-
ective portion of the
1iell we have a large
i vity opening outside
[ an oblong hole. The
whole of this cavity is
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covered with blood-vessels, parallel to each other but
connected by transverse vessels, and forming a kind
of net work all over the cavity, sothat the air which
is introduced into this cavity at once is brought in
contact with a great many blood vessels. The
beart is near the base of this cavity, so that from
there the blood is carried directly to the respi-
ratory organs. The only difference, then, between
this organ and the gills of the common Mollusca is
that the blood-vessels are united with the vessels
of the cavity, and do not form & tube-like free ap-
pendage hanging inthe water.

The number of species in this group is very
considerable. There are as many living in the
fresh water asthere are upon the dry land; but
usually they seek moist corners when they conceal
themselves, along fences, or between the roots of
trees in wet localities. They are very voracious
and consume a great quantity of carrion, and are
thususefulin many respects, thoughin otherrespects
they are quite the reverse, being often very de-
structive in our gardens.

Another group is that of the Terrepade, not
mentioned in mf diagram, because 1 consider the
classification as little natural asthe others. It has,
indeed, been shown by a Russian naturelist that
they bhave such an tﬁnit{ with so many other
groups that they should be divided and placed
among the different families. What was consider-
ed the common characteristic was a kind of mem-
braneous appendage on the sides of the head by
which they swim ; but this is not formed in all by
the same part. Insome it is a dilatation of the body,
in others of the anterior ridge of the head; and
therefore you see in this case a classification of an-
imels in one up from an external likeness in

one respect, which is not owing to an uniformity of
structure.

I now pass on to the exami.-
iation of the Cephalopoda. The
diagrams present mumerous il-
ustrations of thisclass. Here
Jare some without am external
shell. Here is one apparently
Jonked, which has an inte

Nshell. The moststriking exter-
sul feature is that the head, is
nore distinct than in any other
nollusca. There is a contrac-
iou sbout the anterior ridge
where we see two distinct eyes. The posterior part
of the body is in the form of & sac. Around the head
we have b ppendages which have
been called arms or feet, and on whose surface yoa
see numerous suckers, by which these animals seize
their prey and convey it to their mouth, which isin
the centre of the tentacles. SBome of the cephalopo-
da have only eight of these tbntacles and feet.

Here you have eight of the same size; and two
much larger, of different form, with a cylindrical
base and flat extremity. Some are even provided
with hooks in this more elongated form, by which
they seize their prey more vigorously. In this
spesies the arms are very mumerous and they have
appendag ike tentacles, forming
bunches, which are arranged around the mouth in a
similar manner as the four tentacles in the other
species.

In their internal organization they agree in this
respect—all are provided with large gills placed on
thesides of the animal; and at the base of these
gills we see two venous hearts and one which is
colored in blue and another in red. 8o that there
are three hearts in these animals. But when we
here speak of several hearts we must understand

what we mean. These several hearts are little
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more than dilatations of the tubes which carry the
blood. They are large sinuses in the blood-vessels
and not muscular hearts hke the hearts of higher
animals. The blood reaches the heart from the
two large-lobed sacs situated at the base of the
gills, which are cousidered as hearts by some nat-
uralists. They force the blood into the gills, where
it is brought in contact with the extensive surface
of water, and then it is changed into arterial blood
and is again appropriated for the functions of blood
in the living animal. It then comes again into
the heart proper, which propels it into all parts of
the body.

Inthe diagrams the blood-vessels are colored as
in the higher animals. But it is not so in Nature. In
these animals the blood is. transparent ; and it is
only for the sake of illustrationthat the coloring has
been here employed.

Near the stomach, between that organ and the
liver, these animals have a little gland which se-
cretes a dark-colored fluid of a very dense consis-
tence, which is used in the manufacture of the
# China ink.” All the cephalopoda bave their sac
filled with this black or rather brown substance
in great abundance, and it is so tenacious that in all
the fossil cepbalopoda, which are very numerous,
those ink-bags have been found in the fossil state,
fall of fossil ink—and this fossil ink is so well pre-
served that when prega.red it has been used in the
same manner as the China ink made from the re-
cent cuttle-ish. I have repeatedly seen fossils
drawn with the China ink furnished by these shells
existing for th ds and th dsof years in the
strata in which the greatest number of these ani-
mals is found.

T have just mentioned that in this group we have
some without a shell, some with an internal shell,
and some with an external shell. This clearly
shows how little value canbe placed in the exis-
tence and possession of shells, and how erroneous
would be classification resting only on that prin-

cigl:.
the form of the shell this group presents a
marked difference from the gasteropuda. In both
‘zpel the shell is rolled up, but ia the gasteropoda
e animal moves sideways when rolling up, and
thus in the snail you have t{ne right hand side turn-
mgi:;rthe left hand side. I will illustrate this by
a2 ams:

In the cephalopode the shell is rolled up in avery
different manner. You see here the back outside
and the lower rezion below and the right and left
"iand side aresymmetrical. So
hat the cephalopoda which
rolla up to form its shell, rolls
up heud forward and back out-
«ide, while the gasteropoda
rolls in a different manner.—
Aguin, in the gasteropoda the
mterior of the sbell is com-
pletely occupied by the ani-
mal when it is contracted.—
Vot so in the cephalopoda, or
at least in most of them. There
is onewhich makes an excep-
tion. Th: nautilus proper is divided into numerous
chambers, and those chambers are at equal dis-

27

tances, constantly growing as the animal grows
larger ; and the animal occupies only the anterior
portion of the shell, though it formerly occupied
all these partitions, only when growing larger it
moved on and formed partitions between itself and
all these chambers.

The siphon which communicates with the heart
is in part a prolongation of the pericardium. We
have only one genus of these chambered shells
rolled up in that manner living now, and another
where the shell is not entirely rolled up as it is
here, but where the successive convolutions are
genched from each other, so that it is as you see

ere:

This has been called
very well known. Though found on these shores,
it is rarely met with in a good condition for exami-
nation. The siphon passes through all these parti-
tions in a similar way as in the nautilus. These
two are the only ones now living with chambered
shells ; and you will perceive that it is this animal
which has not simple tentacles, but bunches of ap-
endages forming masses similar to the tentacles
in other diagrams. The structure of the gills and
tentacles alone considered would meke the nautilug
inferior to those beautiful animals in our seas.

There are other anatomical reasons to consider
the spirula as well as the nautilus Jower in their
organization than the true cuttle fish. The fact
that they are rolled up in this manner, while the
body is straight in .hese and comes nearer the nat-
ural symmetry of an animal baving a longitadinal
diameter and two symmetrical sides, shows evi-
dently that their type is higher than that.

Now all the cephalopoda found in a fossil state
below the coel. during the coal epoch—during the
series of mec)ndary rocks—belong to this group.
They are as astheg podaare in our
seas. In a living state we have only two types,
but hundreds and thousands of them are found in
all the ancient strata, up to the most recent depos-
its forming the outermost beds of the crust of the
earth. Those whichhave internal shells have also
existed in forruer epochs, but not very late. They
are only found in the oolitic beds, in the series of
strata extremely extensive in the British Islands
and Continent of Europe, but found in & very rudi-
men! condition in this part of the world. They
are well known in every part of Europe under the
name of “devil's fingers.” They have a conical
torm, and inside of them a hollow cone; and this
cone is divided into partitions, and on one side it ig
prolonged in the form of a flat disc.

i A
.For a long time it was nof

t known to what group
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of the cephalopoda they belonged. They bave
been considered as belonging to the chambered
shells in the division of this hollow cone. Bat
when studying the shell which is found in the back
of the cuttle-fish, and is known under the name of
“cuttle-fish bone,” I found that this disc is divided
in the interior by plates of calcareous matter.

But it bad not been noticed that there was con-
mdy a little point here, which, when minutely
examined, is found to be hollow. On compari
the arrangements of these plates it will be foun
that thageqo into this point, and in fact the cuttle-
fish is a belemnite in a reversed position. Bo that
there is no doubt now—and this explanation is
genenllgg admitted—that the belemnites are by no
means the external shells of cephalopoda, but the
bones of some cuttle-fish of the oolitic series;
and the fact that in the beds where belemnites oc-
cur, we find the greatest quantity of those loose
Ink-bags in a fossil state, is a confirmation of that
view. (Applause.)

The naked cuttle-fish of our day are numerous;
and as you see, have tentacles arranged in pairs.
Those which have only eight tentacles never have
8 hard shell or any hard part. Those, on the other
hand, which have ten tentacles always have hard
parts. Butin some of them this shield which is
ﬁwed in the back is cartilaginous—not very hard

the species common here, but in the common
cuttle-fish of Europe, very hard and calcareous.

Now, it is not enough to have shown that the
chambered class are last and appear first—that
those which have an external shell are younger,
and follow those which have hard plates.” I want
to show that there is & very regular mode of suc
cession in these. Inthe most ancient beds below
the coal, where the chambered shells are the most
numerous, we find types already with varied plates.
I have shown already how these chambered shells
are rolled up. It is not necessary then to draw a

\u-" i

epoch when the family dies out.
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fall shell, but just enough to give a notion of it.

In the most ancient strata some of these cham-
bered shells are perfectly straight, having a siphon
in the centre, or on the margin of some of them.

’

Already these two types occur in the mos
ancient strata, and you see here the beginning of a
series which will pass through all possible modifi-
cations of their shape. Some have the shell curved
only in this way with a partial curve, an
some have the shell curved thus, like & hook im
the beginning, and then becoming quite straight :

All forms of convolution, as it were,of the straight tabe are to be found in these shells just at the
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« eording to their organization.
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LECTURE VIL

i i Division into Worms, Insects and Crustacea.,..Errors in tha Clasification of
T A e ated A e D atication ..Mistakes should be Corrected....Curious Facts sbout the Barna-

Animals....Results of Recent Investigation..
cles...,General Structare of the Articulata.,.

vee s Wi ....Great Variety of Form and Structure....The Helminthes or . .
thar o o aimnts. ?Hiutory of the Formation of Intestinal Worms....Curious Discoveries

Exploded....Explanation of the Phenomenon of Red Snow.

they come to Exist in other Animals?....t
...The Theory of Spontaneous Generation

CLASSIFICATION OF THE ARTICULATA.

3. Chatogoda . .......(With foet like hairs.)
4. Dorsibranchiata ..{Gills on the baek.}
5. Twbulibranchiata .({Qills like tubes.)

KL..InNsECTA...... -(Insects.)
1. Arschn, .(Spiders)
2. Sucterix... (Suckers.)
3. Mandibulata {(With jaws.)

H1..CRUSTACEA &Crutgcenm.)
1. Parania .(Parasites.)
2. Entemast: .(With articulated elawa.)
8. Malacostroca .....(With calcareous claws.)

LaApIRs AND GENTLEMEN:—The subject of the
Lecture this evening will be the structure of the
Articulated animals in general and of the worms in
particalar.

The general atructure of this order of animals is
well known. Thebodies of these animals are per-
foctly symmetricel. The two sides are equal—
We have no longer here any such differences be-
tween the right and left hand sides as we bave
among the Mollusca, or anything similar to the ra-
diated stracture of the lowest type of the Animal
Kingdom. The Crustacea only show in their limba—
in their clawa—such a difference. In them we see
ﬁ'&quently one of the claws much longer then the
ether.

But it is well known to what circumstances
this difforence is owing. The Crastacea frequently
lose the claws and these limbs are reproduced, but
wsunally of diminished size. W hen the animal does
not meet with such an accident, the claws continue
of the same size, and this accidental disparity is
still farther illustrated by the fact that sometimes it
is the left and sometimes the right claw which is
smaller than the other. This shows that the differ-
ence in size is not s characteristic of the type.

I propose to divide the Articulated animals into
ealy three classes—the Worms, the Insects, and the
Crustaces.

This type has always heretofore been divided into
a great number of classes, and even somo classes
have been left out of the Articulala, which I think
really belong to that division, and here, in this con-
mection, I deaign to mseke a few critical remarks
on the general classitication of animals as we find
them in the most recent works on Natural History.
This classification has not kept pace with the pro-
gress of our knowledge. Ouar text-books do not
give the results of recent investigation and discov-

. I would refer to the best of the classifica-
sions, not perhaps the most recent, but the most
extensive—that contained in the great work
of Cavier on the Animel Kingdom. That
is the greatest work on Natural History; not
very volaminous, in five octavo volumes, in which
the celebrated author has given the general char-
acteristics of all the principal types of the Animal
Kingdom, and for the first time classified them ac-
It was Cuvier who
for the firat time divided the Animal Kingdom into
four types—who recognized four different modes
of arrangement in the stracture of animals, and
that there was not a simple gradation from the low-

.Peculiarities of their Nervous System....Discovery of Mr.

Blan-
Intestinal Worms. ...How do

er to the highest animals. When he divided the
Animal Kingdom into those four groups, he desig-
nated those groups by a very happy name for
which I cannot find an English term aufficiently ex-
glicit. He called these divisions embranchments.

y this he conveyed the ides in a felicitous man-
ner that the groups of the Animal Kingdom did
acither form a single series nor parallel lines, but a
tomplicated grouping of individuals connected to-
rether by affiities ina similar way asthe branches
of & tree, forming groups with very natural fpropor-
tions, though not divisible into families of equal
value. The groups wemay call types—great di-
visions of the Animal Kingdom. For want of abet-
ter name, some have proposed the term “depart-
ments.”” Thus you see, if I am correct, that we
have not in the English language any term which
conveys the idea so happily as that employed by
Cuvier. .

W hen Cavier divided the Animal Kingdom into
these four groups, some of the groups had not yet
been stadied anatomically as fully as they since
have been studied, and therefore it is not to ba
wondered at that that illustrious naturalist intro-
duced into several of these greups animals which
did not properly beleng to them—that bave only sn
external likeness—wbich are analogous to them,
but not really identical in their stracture. For in-
stance, in the group of Radiata, to which I refer
only three classes —the polyps, the scephsis, and
the echinodermata,—Cuvier had five classes, one
of them being the class of intestinal worms—
the Helminthes—and the JInfusoria, a class
which, I think, must be entirely broken up, and
does pot form a natural group, but contains ani-
mals of very different structare, and which have
been combined together as & class only in conae-
quence of their minute size. That is the only
characteristic which they have in common, but
their structure is not such as to justify this union in
one class, nor to justify their admission as a natural
group among the Radiata.

Cuvier, Lamarc and other eminent naturalists
were induced to maintain the class of Infusoris, in
eonsequence of the general arrangement of vibra-
tory cilia around the mouth, presenting the form of
a circalar disc vibrating round the mouth, and giv-
ing these animals an appearance of radiated strue-
ture like some of the polypi. But on examining
the bodies of theze animals, it has been found that
there are tranaverse divisions in these animals.
Bome of the infusoria have been found to agree so
fally with articulated animals that nobody now
doubts the propriety of combining at least the so-
called Rotifera with the crustaceous animals. Oth-
ers are worm-like, and belong more properly to the
Vermes than any other group, and we know that
many of the so-called infasoria are merely germs of
plants which have been mistaken for animals ; and
germs of different other animals which have been
mistaken for full-grown animals. Thus it has been
liscovered recently that organizations which have
been regarded as independent animals, and as such
bave been placed among the infasoria, are really
the young of certain Mollusca—certain gasteropo-
dous mollusca.

Now such miatakes should be corrected. When
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they were made, the facts by which we are enabled
to correct them were not known. The works in
which the mistakes occur are and must long con-
tinue to be the great fundamental books of Natural
History, and hence the greater necessity for rectify-
ing these errors.

The class of intestinal worms, heretofore ranked
with the Radiata, belongs to the Articulata. All
these worms are articulated transversely. These
articulations are very numerous. Butthey have
a circie of radiated folds around the mouth. Hence
the mistake to which I have alluded in classifying
them with the Radiata. The existence of a nervous
:gltem with ganglia was then unknown—so that

e mistake of Cuvier cannot appear strange, per-
ticularly when we reflect on the extreme difficulty
of observing the structure of many of the intestinal
w

orms.

1 bave said that I divided the Artieulata into on-
ly three classes, though I admit all the intestinal
worms and the greater number of the infusoria.
Cuvier admitted more classes than I think proper
to admit. The spiders were considered by him
as a class distinct from the common insect, be-
cause they have no wings and because their respir-
atory organs are somewhat different from those of
common insects. But many true insects have no
wings; and when tracing all the modifications of
certain insects we find the transitions so gradual as
not to allow the differences between them to be of
the velue which was formerly placed upon them;
and so_the class of spiders is now merged in the
general group of insects. Beside, we have now
ascertained that the metamorphoses of insects are
not so pecnlilrl} a trait of that class as was for-
merly supp and therefore in the of
that characteristic in the spider we do not see the
same ground of making a prominent distinction be-
tween them and insects. There are many insects
which do not undergo so striking a metamorphosis
as the butterfly and some other two-winged

Then again, certain crustacea, which had been
distinguished as a particular class, must now be
combined with the true crustacea. It will perhaps
appear singular that the Balani—there is a com-
mon English term for them, which now escapes
me—ah! [ recollect it, the “barnacles’’—should be-
long to the Articulata. They have been placed
among the sbells. Bat that classification was erro-
neous, and this is perhaps one of the most unex-
pected results of recent investigations. MEven
during the lifetime of Cuvier—fifteen years ego—
nobody suspected that the barnacles did not really
belong to the class of shells. Cuvier himself pub-
lished an elaborate paper on the nervous system
of the barnacles, in his ir on the Structure of
Mollusce, and he considered all barnacles as true
mollusca. He made only one remark, that he was
struck by the complicated nervous aystem of these
animals; and that remark has been the foundation
of that true distinction between the Mollusca and
Articulata. He found that the ganglia were more

in barnacles than in Mollusca, where

there is only a large ganglion above, and anotheror
two below the alimentary canal; while in the bar-
pacles we find that below the alimentary canal
there are several ganglia, and when comparing the
nervous aystem of the barnacles with that of the
greater number of Mollusce, and with that of the
guter number of other articulated animals, it was
und that this very great peculiarity constituted
the most striking difference between them. From
that time it was suspected tbat, though the barna-
cles were supplied with shells, they might yet be
long to the articulated animals. A British nataral-
ist—Mr. Thompson of Cork—when engaged in the
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study of the barnacles found that the young, when
escaping f om the egg, is a true crustacecus ani-
mal; precisely like other crustaceous animels, and
fixing itself only after a certain time, when the
shells are formed to protect it, and combine in such
a maoner with the animal as to give it an external
resemblance to the Mollusca. But the internal
stracture is entirely different. 8o there is no doubt
that the barnacles, cons dered as a class of Mollas-
ca by Cavier, do not only not form  class by them-
selves but are true Crustacea. This change in the
classification is made necessary by those recent re-
searches into the structure of the nervous system
of barnacles and into the growth and metamorpho-
sis of the young. But it has not yet been effected
in general works.

Through the kindness of Professor Watts, I am
enabled to show this beautifal preparation, illus-
trative of the structare of the articulated animals.
This is & large Scolopendra where the divisions of
the body ioto transverse sections, and movable
rings, with appendages on each side in the form of
feet, are seen much more distinctly than they could
be perceived in any insect.

The body is divided trans-
versely. Every one of these
divisions forms a protectiog ring
of horny substance. Here we
have no calcareous substance,
only in some lobsters. In some
of the crustacea the shield is
hard and contains limestone.—

Lucse rluge ure uuited together by & membrane.

Here is the articula.
tion, but the ring doe
not pass across the.
whole. There is & folc
and the next ring isso
The membrane here it
thinner and allows »
fold to be formed, anc
s0 the next ring is
movable on thisone. Many of the articulated ani-
mals have all their rings uniform and very numerous-
8o it is with worms. Others have appendages to
these rings of very varied form. In some these
appendages are even very complicated. In some
insects with rings there are asmany feet as rings..

All the rings have feet.
'e number of them may
reuch hundreds,even sev-
iral thousands. When
here are xppend:sel
hey are soft, as indeed in
senceal the covering of
Le worm is sofc. The
rings are also solt, 80 that the body of these animals
has a less constant form than other articulated ani-
mals.

In insects, if several rings are combined, we
usually see the body divided into two or three
regions—two more distinctly—sometimes three.

You see here a long tail-
like appendage. Herae the
tail is shorter—the heacr
very distinct. All these
appendages can be com-
bined together, and we finc
them to be very analogous
It is in the worms that we
can best understand wha!
they are, and I shall defe:
these details till I come tc
speek of the worms.

You will recollec the characte ristics

of
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radiated apimals. Bear in mind now that I di-
rect your attention to thé structare of the intes-
tinal worms, which are now classed not with the
radinted. hnt the artienlated animals.
161 e SR AL It is only recently
& ! - -hat a young French
\aturalist found that
‘here was & uervous
/ system in all intesti-

.:, 7 "8l worms, evea where
3 N 'cast expected, and
STV found that it differed

BOMAC W b i Arratgenient trom the common articu-
lated avimals. Itis in this respeot: that these
threads go from one -

lia to another, and,
mad of joining as a
common swelling, form
two independent se-
ries of parallel nerves.
But you see that the
difference is not very
considerable. Afterall,

-

it shows how we ought tw cousider these as arising

from the juncture of the parallel threads, rather
than asone only with swellings intermediate ; and
far from being the exception to the rule, it gives
the true key to the understanding of this arrange-
ment, whicﬁ in fact we did not know before the
discovery of Mr. Blanchard.

The class of worms, insects and crustacea rest
for their distinction particularly on the respiratory
organs—the circulation and mode of respiration.

The worms are elongated, cylindrical end com-
posed of very numerous and rntier soft rings. The
skin shows superficial folds, and these folds are
movable on each other, not to be compared with
the hard rings of higher articulated animals. We
find in worms the greatest variety of structure.—
There is perhaps no class of the Animal Kingdom
which shows more of this variety. Many characters
which are considered of the highest value disappear
here entirely. For instance, in the intestinal
‘worms we have no circulation whatever—no heart
—no blood-vessel—no blood even; while in other
worms of the same class and which cannot be sep-
arated from them,we have not only blood, but
blood of the most ruddy color—blood-vessels very
complicated, and not even one alone, but ti

AN
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acter of all these insects is to have the
elongated form, with numerous articulat

wings connected in such a manner as to

able on each other in all directions, the stru

the skin being more simple thanitisin _ -
animals, not being divided into 8o many layers; and
the muscles so combined with the skin as not
always easily to be distinguished, so that the
skin is formed of interwoven muscular fibres with
hard horuy ringe moving on each other.

Again: thenervous system is uniformly conatruct-
ed ; and there are intermediate types so numerous
that betweean those very complicated worms with
bighly organized organs of circulation and respira-
-zon and those which have none at all we find all
intermediate steps ; some where the circulation is
farther developed but where the organs of breath-
ing are not so highly organized, and vice versa.—
From the uniformity of nervous structure and from
the fact just mentioned with regard to the numer-
ous intermediate steps in the cavity of respiratory
and circalatory organs, we are justified in arriving
at the conclusion that all these animals must be
combined in one class.

The Insecta in the full- grown state have no organ
of circulation—at least they have no heart. But
they breathe through & very complicated system of
air-tubes penetrating into the body, having numer-
ous external outlets, penetrating, like vessels,
throughout the body, and undergoing considerable
and very striking metamorphoses ; while the Crus-
tacea have a circulation and breathe through the
gills. This evening 1 must, however, limit myself
to the investigation of the worms.

8o many changes have to be made in the classi-
fication of these animals, that, at present, it is
scarcely possible to admit any of the classifications
in the books; though these classifications appear
very simple, and are founded upon characteristics
very easily recognized. :

The first division of worms is the intestinal worms

N,

N

or Helminthes, which is their systematic name. )(f"

They have been the subject of many speculations.
How do they come to exist in the bodies of other
animals? How can they be introduced into cavi-
ties perfectly closed? And if they cannot be intro-
duced into those close cavities, how are they pro-
duced within those cavities? These were ques-
tions which were apparently answered in quite &

three or more pairs of hearts. Thus the most com-
plicated circulating apparatus and a total absenre
of blood-vessels are found in one and the same class
of animals. More than that, some of the worms
have organs of respiration, gills, highly complicated
gi.l.l-, perhaps more complicated than the gills of
hes, or of any of the Mollusca. The most com-
plicated structure of the gills is found in some of the
worms. Inothers there are not only no gills but no
respiratory organs atall. I would go beyond that.
In some we have an alimentary canal, which is sim-
gle. Thereis only a h and an ali ary canal
ranching into the body and diffusing the product
of digestion like a blood-vessel through the organs
without causing that fluid to pass before through
eculiar tubes or through any organs of circalation.
hat, then, is there in these in common? Why
combine animels presenting such dissimilarity of
structure? This is really the question I have to
answer, because they have heretofore been divided
into distinct classes. Worms wifh respiratory
organs and circulating apparatus have been united
into one and the same class under the name of
Annulata, and worms without these organs have
been united in the class of intestinal worms, while

some others which are less known and are also |
parasitical have been formed into a third class
under the name of T'wbularia. The common char-

tis y ; the reply—these worms
originate where they are found. That was the com-
mon solution of these questions; and, in fact, it has
till recently been believed that intestinal worms
originated, in particalar circumstances, within the
bodies of animals, within the alimentary canal—
within the surface of the abdominal cavity of ani-
mals in which they are found. Butis thattrue? This
statement rested merely on assertion ; and no one
ever made observations 80 as to prove that the ani-
mals had been produced where they were found. It
was only because it could not be explained or
shown how they were introduced, that it was quite
generally admitted that intestinal worms origin
where they were found. But recent researches
have explained the way in which these animals are
introduced into the cavity of other animals.

I will give the history of one of them, and then
show what conclusions may be educed, and then
give soma dataile of nther divisions of worms.

The history of the intes-
tingl worms is most inter-
2sting, owing to the fact
-hat they have been re-
sarded as affording the
nost striking example of
spontaneous generation.
Che mode of formation
without apparent cause
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/ has been called spontaneous generation—the in- | the gentlemen now present, saw it within the flesh

v

]

testinal worms. as also ia, were dered
as arising spontaneously either from a diseased
conditionof the alimentary canal, or from peculiar
circamstances, without knowing how. Letthis be
the body of a common species of fresh-water shell.
Bteenstrup, the Bwedish naturalist, disovered that
at a onarticnlar geason this shell had worms of

e a minute size. These worms

. have this form: Here is a kind
»f sucker. Here the alimentary
canal, dividing into two tubes’in

ofthe abdominal wall, penetreting through the flesh
and reaching the internal organs. It had nearly
gone through the whole thicknees of the fish, and
was about to reach the abdominal cavity when the
fish was opened. So that, in the case of the dis-
toma, the way in which these worms penetrate into
the cavities of other animals is well known. 1do
Dot say that all intestinal worms are intr.daced in
the same way into the alimentary canal; those are
not found in the alimentary canal but found in the
organs of the abdominal cavity. We shall see in
what others are introduced into these cavi-

this way—a forked ali tary
canal. At particular seasons
these worms fix themselves upon
the skin of this shell-fish and
within the mucus which sar-
rounds it. They swim in innu-
merable quantitiesin the water,
till they fix themselves upon this

mollusc; aud tnere they form little cysts in which
they bury themselves. Fixing themselves on the
ll}in by means of these suckers, they produce a
kind of irritation. The mucus is secreted in large
quantities and accumulates around them, forming a
kind of cell in which they are buried. They remain
there carled up in sucha sac, and may be found in
eat abandance in the skin after the mucus has
een removed.

During time they are buried in that way, they
undergo & metamorphosis similar to thet of the cat-

' erpillar which is to be changed info a batterfly —

The tail is cast, and & circleo
folds is formed around the beac
and we have then an animal o
such a form which escapes fro)
these little sacs. The anim:
then penetrates into the ski
with these folds, which are harc
er than the outer portion of th
animal., It bores its way intc
and passes through, the skin—
enters into the wall of the animal, and, passing
across that wall, enters into the abdominal cavity,
and reaches the organs ¢ontained in the abdomi-
nal cavity, entering even into these organs them-
selves *

These folds then disappear, and the anterior re-
gion of the animel assumes another form. Here
wesee a sucker—a mouth which is small. The in.
testinal tube still retaina its bifarcated form. Bat
bere is another large sucker

lotised, wuu wich these two!
suckers the animal walks over the inside of the
abdominal cavity, over the organs, in a manner sim-
ilar to the leech, and fixes itself upon the liver,
which it Penetrates, and we have there that com
mon intestinal worm of the liver which has been
described in the class of intestinal worms, under
the name of Distoma hepaticum.

Beveral other worms are found to enter the ab-
dominal cavity in the same way. Ihave lately
Scen some of thoge penetrating into the gills. One of

ties. What is still more curious is that this distoms,
after it has been in the cavity of the body, will lay
eggs, and these eggs have a very singular structure

Within the egg, we see a young oneformed which
has this shape. The moment the shell of the egg
. breaks the new individual es-
capes, and here there are nu-
merous vibratory cilia by which
1t moves with great rapidity, in
1 manner 80 similar to some of
the rotifera that I do not doubt
tor a momentthat many of them
are only embryos of these in-
testinal worms. Bat even with-
n the egg we see through
his shell another thing. It
s very thin and transparent.—
When the young escapes and begins to move,
that faint body inside becomes mora tranenarang
—more prominent—always of
this shape. At that time this
free movable covering, with all
these vibratory cilia, is cast. I
is no longer a portion of the ani
mal. It is like the skin of the
caterpillar which falls away, and
out of it comes a sluggish worm.
moving very slowly,which grows
and grows, and we see withiu
thatthese extraordinary phenom
ena which, if not observed by several experienced
naturalists, would be well deemed incredible.~—
The moment the skia is cast we have a very slag-
gish animal of this shape. We now see eggs
’ formed which beecome numerous
and grow. We gee some as-
suming & peculiar form. We
dee through this body new indi-
viduals formed inside, which have
2 form somewhat different from
hat. When ripe to escane. their
form is like g .
-his : And now

Srow.
have, therefore, here a genera-
tion arising from the egg of the
distoma, which does mnot pro-
duce animals of that form—a sec-
ond generation. Taside of this
~— e TgAanwe see
‘ggs form, and M
hese growing so that the very
orm of the individual may be
listinguished, inside and when
hese new young—the third
seneration—escape, we have
chis animal, the common Cerca-
ria: the third generation from the
+gg of the distoma. (Applause.
[ baveno part in these beautift

discoveries. Ionly relate them.
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(Applause.)—Here we have animals of successive
generations undergoing in each geuneration a
peries of metamorphoses. W e have three alternate
generations each undergoing metamorphoses, pro-
ducing individuals different from the mother, and so
for three generations, till at last we have the furm
of the common intestinal worm, which reachzs the
internal cavity and there becomes a parasite.

How difficult to identify all the successive genera-
tions when each generation. in its metamorphoses,
lnur;el 'h‘:,gli different ferms! Bufti:;;él the great

and father is reproduced in the fif eykation.
El,l' dnufbt mast end.

Whatremains then of the theory Ef spontaneous
generation? It is gone forever! Every one now
who attempts to reason on spontaneous generation
knows that he is reasoning on what has no exist-
ence. He is reasoning on a supposition which has
been scattered to the winds. (Applause) Be-
cause one such fact well-ascertained—as that has
been, and you will see that similar facts have been
well ascertained—is sufficient to destroy forever
puch a theory. Another case adduced in favor of
the theory of spontaneous generation has been
shown to be equally unfounded in fact. I allade to
the infusoria. Bat the rotifera also lay eggs. I bave
meen some rotifera living in the snow at the hight
of eight and ten thousand feet above the level of the
gea, causing the snow of higher mountains to be as
red as blood and presenting a most beautiful appear-
ance. Thisred snow is only an accumulation of mi-
croscopic animals belonging to the class of rotifera
among infusoria. I bave seen some of these laying
eggs. I have had the good fortune to have been
able to trace some of the changes in these eggs,
not all of them, so that I mention here an imper-
fect series of observations, because I caan staund for
that; butother observers—Ehrenberg, in particular,
who has made that beautiful history; in fact created
the natural history of Infusoria—have completed
the researches on this sabject. Ehrenberg bas seen
rotifera laying eggs anbundred times. He has seen
the young form and grow within the egg. He has
not only seen them grow, but he has traced them
for a series of generations. Individaals which he
grew from eggs he bhas seen laying eggs. He bhas
seen them for three, four, six, ten generations. He
has even seen individuals arising from a stock from
which millions have been derived; and now, agsin,
I ask, what remains of the theory of spontaneous
generation? (Loud applaunse.)

But there are other intestinal worms for whose
pr in other animals as parasites it is not so
easy to account. These are found in the eyes of
almost all fishes, and in other portions of the body.
How they were introduced is & question which
could scarcely be answered, were it not for the
discoveries of a distinguished Professor of Nataral
History in Copenhagen—Prof. Eschrich. He traced
them in fishes which were kept in a pond, so as
to be able at a moment’s notice to kill a sufficient
number of fishes and examine the condition of the
intestinal worms within each animal. Hefound that
in the scolpin of the Baltic, at a certain epoch, there
were always very large tenia in the alimentary
canal, while at other seasons there were none to
be found. He ascertained, for a series of years,
that the presence of these tenia was periodical,
and he knew at what season he could find them,
and in what condition he would find them.—
‘The moment that he ascertained this prelim-
inary fact, which cost years of patient investi
gation, he went on tracing still farther the phe-
nomena, till be discovered that these animale—
which are exceedingly long, with a small head, a

length, divided intn trangverse articulations—cast,
~ -~ I 2t certainseagons,the great-
e *r portion of their body, and
-hat he could produce it by
Jlividing this portion of the
nead, the articulations divi-
ding and dividiog till a
zreat number were formed.
When studying the anato-
my of these links he ascer-
rained that there was a
:ontinuous tube runnin
: through all—in fact, an al-
imeutary caaal, but branched in such a manner
in every ring as to supply the ring with sub-
stance; these branchings of the alimentary canal
being at the same time & sort of blood-vessels
or organs of circulation. But he found, more-
over, that in each ring there were several hun
dreds of eggs, each having the true character and
three essential parts of an egg. When these
bodies were cast, then of course innumerable quan-
tities of eggs escaped into the water and were
swallowed by the fishes with their food. This af-
fords a perfectly clear solution of the manper in
which those intestinal worms find their way into
the bodies of these fish.

As to the terrestrial animals in whose cavities
intestinal worms are found. the same process takes
place. With the vegetables on which they live,
there are constantly conveyed into their elimentary
canal innumerable quantities of eggs. And now
we can alsp exfflain the reason why some animals
have one species of worms and others other species.
The alimentary canal of some has an inflaence
which the eggs of certain species canuot resist, and
they therefore perish, while in other animals they
grow and propegate.

It bas been still farther ascertained that these
eggs exist in the blood cavity, nay, they have been
found circulating with the blood corpuscle! of cer-
tain animals—in the frog, for instance.

These researches of course require great patience
and care, as they are attended with obvious diffi-
culties; but they have been repeated by compe-
tent observers, and there can be no doubt of the ac-
curacy of the results.

All this shows us how defective the old classifi-
cations must of necessity be. Even old divisions
nf intestingl worms can no longer be admitted.

This is only one state of an ani-
mal, 80 that it must be combined
with that class instead of forming
an independent division. So with
others which belong to the disto-
ma, which, as we have seen, un-
dergoes many changes, but is
«till the same animal. Then we
have the Cystirs which nerhang
are@ not rea' e S

woiws, but ouly the sacs
which the actual worms are
found. Allthe classifications ol
them are vet to be changed.—
The class Nematoidea of Cuvies
and the families Aconthocepba
la and Frematod ea, which last
contain the Dist oma, must un
dergo an entire revolution asthe
history of the animal becomes

koown. In faet, the whole classitication of this
type of the Animal Kingdom should be re-written
and made to accord with the results of recent in-

N

very slender neck and thin body,of extraordinary lvenigntion and discovery.
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LECTURE VIIIL .

ining Typea ef the Class of Worms....Its Divisions or Families—The Apoda, or Fresh-water Worms
n.m".i‘:e‘ -o'-clﬁ]e’d Planaria: the Leech and its Structure....Rudimeatar lf‘eet....K'ou iratory Organs of this
Class—External Gills, or Ramifications of the Blood-vessels in the form of Stiff Hairs: the Dor.tbranchiata.. «

Another Grou
complicated

of Worms still more complicated—the Tubulibranchiata.—Articulations of the Body and very
ills....The Singular and Interesting Metamorpboses of these Animals....Disappearance of tha

ye....These Animals when {émng highly phosphorascent....Experiments....The Class of Insects—the most

numerous Classin the Amimal

8triking Phenomena....3tructure of their Respiratory Orgams....Structure of

ingdom—thelr Structure closely snd extensively studied—Illuatration of their

ings....The Order of Coleopte-

ra....Tha Orthoptera....The Emiptera, Neuriptera, Hemiptera)) Diptera and Aptera....Their Structural Pe-

culiarities have given origin to the designatory terms Suctoria aad

andibulata. ...The Metamorphoses of Insects

+...The Class of Crustacca, and its sabdivisions....Structure of the Eyesof particular Classes.

LaADrEs AND GENTLEMEN: I know no greater
dificalty which a lecturer is called on to encountel
than that crested by the necessity of crowding =
great quantity of matter into a limited space. That
difficulty I cannot avoid on this occasion. In this
Lecture I must finish what I bave to say on the
worms, and introduce the insects and crustacea ; in
order to have some time left for the remarks on the
higher animals, and for general observations on the
phenomens of gradual or successive introduction of
sypes through geological times, which will, I think,
esonstitute a becoming conclusion to a course of Zo-
elogical Lecturesinorder toshow howithe succession
agrees with the classification and atructure.

1 shall avoid repeating what I said in the last
Lecture, and proceed at once to the remsining types
of the class of worms. The families which we have
stadied are the lowest—those without any external
appendages, provided only with transverse articu-
lations or rings. The other worms are not para-
sitical ; at least few them are, and most of them
have shorter bodies composed of fewer rings than
the intestinal worms. In one of the families which
bas received the name of Apoda, and contains a
great number of fresh-water worms, we have that
extraordinary type in which the alimentary canal is
branched like a blood-vessel. It is & very beaauti-
ful sight to see through the transparent body, the
stomach branching like a blood-vessel, contracting
like arteries andthealimentary fluidrunning through
the vessels like blood, to the periphery. Several
are to be found in thia neighborhood in ponds and
rivulets, some of them being very beautiful. If they
were not so minute I could have had the pleasure
of showing some of these worms, as L have now
several alive which were collected in the vicinity
of this City. They are among the objects which
wrill interest in the highest degree all who take the
trouble of looking for them. They are usually found
under stones in fresh water. Their form is that of
the leech, and they are usually mistaken for leech-
es. The leech belongs to this type, but is more
highly organized than these, the so called Planoria.

Their iorm presents this appearance.
Usually they have two eyes—but some-
times a greater number—placed exter
nally ; and it is easy seen the eye has
mot attained in them the high value
which belongs to it in the higher ani-
mals. Here we have the opening of
the mouth, and there is the long ali-
mentary canal, from which tubes
branch off like blood-vegsels toward
the periphery in all directions. These
vessels are usudl{ of a darker colu g
than the body itself. Some have appenvages ik
tentacles, varying much in the geneul out'ines, but
all have this general form and are usually flat.—
They fix themselves by this large mouth on the
bedies on which they prey. The transverse artic-
ulations are scarcely distinguishable. A flat den-
fation on the margin is all that is seen ofthem. In
fact, it has been doubted that they belong to the
type of articulata, and if it were not for the struc-
tsure of the mervous system these doubts would

have some value. But it is owing to the very
transparent nature of the tissues of the body that
these articulatiens are so slightly marked. The

- leech belongs to this type. It
128 a straight alimentary tube
ind also large jaws armed with
reeth. Some have two jaws,
sthers have a third, and thus
the bite makes a triangular cug
in the skin of the animal on
which they fasten. The ali-
mentary canal, now and then,
shows dilatations, and thesedi-
latations correspond to the ar-
riculations of the body. There
is one point in the structure of

the leecu wuicu must be considered ; itis this: that
the number of transverse ridges on the skin is not
precisely in correspondence with the number of
nervous ganglia. There are in several species
three or four such ridges to one swelling. As very
little in a physiological poiat of view can be learned
from this species, I pass them, and proceed to the
earth-worm. This class begins to have feet. But
these feet are exceedinglv slight and simnle. If
we have here transverse
articulations, we will ge:
that some of them ar
more prominent the:
others. Three or four o
more are more prominent. lu every riig Licic WIS
strong bristles or hairs, and these are the rudiments
of feet—not articulated, only movable intheircase,
and it is by the motion of these stiff hairs that the
earth-worms meve about and burrow in the soil.
The respiratory organs here are little holes on the
side opening outside, and with ramifications like
blood-vessels inside. All these animals are ter-
restrial, but there are a great number of worms
provided with feet living in the sea, and these have
external appendages which are provided withlittle
membraneous cells in which blood-vessels ramify
and act like gills. These worms lie buried in the
aand and are not seen anleas the sand be disturbed.
Some swim freely on the surface of the sea. Some
of them are extremely beautiful and exhibit a great
variety of color. Maay, however, are very uniform.
The principal and most interesting point in their
stracture is that their transverse rings, which are
very distinct, are usually provided with two sorts
of appendages. In the upper region we have usu-
ally blood-vessels ramified and forming an exter-
nal gill extending toward the back, and these
7 R stiff  hairs sometimes in the
-hape of a brush; sometimes
wronger and articnlated even.
Svmetimes there are two such
rashes of hair, one above and
{ %Il he other below the gills. In
L v U8 his respect the worms vary ex-
cuedlug.y, una (hus the position of these stiff hairs
and of the gill i not the same in two species of
these worms. Ow ng to these differences and to
the physiological intereat of their structure, the

story of these worms is one of high interest. For
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instance, we can see all possible transitions be-
tween such a complete gill standing out and form-
ing paddles or feet, and a more simple structure
‘which is observed in others where there is a kind
of bladder standing out with a few blood-vessels;
and these have some hairs also standing out above
and below thisvesicle. Now when we examine in
detail all these complications, we see here only a
little vesicle, the remnant of the largs one. which
has diminished in proportion as the blood-vessels
eame out and formed a gill. The group of worms
which have such gills and such stiff hairs as organs
of locomotion have been called Dorsibranchiata.
There is another group of worms still more com-
plicated. Many of them form a tube
of sand, by means of the sucker which
¢akes in particles of sand which are fixeo
by the mucus secreted by their skin, and
thus a solid tube is formed. Bome more
fix together fragments of shell and form
& harder tube in which they conceal
themselves on the approach of an ene-
my. These have received the name
Tubulibranckiata. Bometimes they
bave hard calcareous tubes. In other i
ocases the tube is membraneous; others .
have thbes fermed us I have said, of aggregated
s::;ﬁde. of sand. The distinction between these
ifferent classes is that the body has not gills upon
every ring, but only upon the anterior rings.
1f this were the body articulated in this way we
would have here only stiff hairs on these posterior
rings; but here upon two or
three of the anterior rings are
very complicated eills,formed of

N blood-veesels exteusively ram-
ifying ; or as many pairs of
- such complicated gills as there
are rings, of peculiar form, behind the head; and
here the head surrounded with appendages of a
most extraordinary kind : -
usually very long, slende:
appendages, proceedin;
from the apper part of th:
head and forming a brus!
all round the head, anc
sometimes 8o extensive a:
toconcealnearly the whole
of the animal. " These ap- -
pendages are singularly cbnstracted. 1t is a thin
membrane, folded in the centre, so that a transverse
section would show such a position, and when en-
tirely folded looks like a flat ribbon. It is as it were
two ribbons folded into one, and when opened the
l“inll:.d walks in & way similar to the motion of the
eoc
The metamorphasis of these animals is very sin-
gular and interesting. When young these worms
are quite uniform; all the rings have precisely the
same appearance, and there is a simple gill coming
out from every ring. In fact, it is not a ring prop-
erly speaking. At this period

the first riug bus six or elne
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eyes placed in two series on the sides of the head.
As the animal grows, the posterior gills disappear—
the anterior grow larger. . '

and they gradually disap .
pear in sach a manpner
while the anterior becom:
more and more complica
ted, so that several pair
will be formed, and in pro
portion as these posterio
gills disappear the anterio:
grow larger. The eye also disappears, uuu 1u 1t8
place those long tentaclesbegin to grow, and it is
with the tentacles that theanimal moves and feels
its position when it has lost its sight.

I recently made the unexpected discovery that
these animals when young are highly phosphores-
cent. While examining one of these animals nog
more than two lines in length under the micros-
cope, on the introduction of a drop of alcohol into the
water, I perceived that the animal contracted and
that light was produced. I thus perceived distinct-
ly tbat these animals are gholp scent. I had
some doubt on that point, because I had seen in
water some of the microscopic animals whieh are
phosphorescent, and feared that the light might
bave been produced by their having fixed them-
selves on the worm. Bat this observation satisfied
me that these worms were the cause of the phos-
pharescence—(A pplause)—though, as I remarked
in a former Lecture, there are various causes which
aid in producing the phosphorescence of the ocean.

The class of Insects is the most numerous of all
the classes of the Animal Kingdom. Thereare cer-
tainly between sixty and eighty thousand species
already noticed by naturalists, and more than forty
thousand species which have received names. Weo
may then safely estimate the aggregate number of
these species at some hundreds of thousands.

Their stracture has been extensively and closely
studied. Butto give even the briefest abstract of
what has been ascertained regarding their struc-
tare would be a task extending far beyond the
limits of such a Course of Lectures asthe present.
1 muat confine myself to the illustration of some of
the most striking phenomena: the metamorphoses
of these animals, and the structure of their jaws—
the organs of grinding the food—and the stracture
of the wings which exist in most of them.

As aclass they are characterized by the atruc-
ture of theirrespiratory organs, which are air-tubes
opening outside at the lower portion, or rather at
the lateral portion, of the wing, and communicating
with extensive tubes branching in the interior of
the animal. .

‘What is most peculiar to inseets, however, is the
fact that they undergo extensive changes during
the progress of their growth. They are born in the
form of worms, and live in that form for a certain
time, when, changing their skin, they sssume
another form, and usually terminate their lives in
the form of a winged animal. In this class wehave
usually three regions of the body, well defined: a
head. forming the anterior portion of the body—a
middle region, which is called the thorax, and a
posterior region, which is called theabdomen. On

wm the last named region
we have the wings. We
have herethefeet. Theso
regions are divided by
transverse articalations
into numerous rings.—
These rings are not al-
ways so distinct-as they
ire represeated here.—
Chese appendages, the
teet, are articulated, their
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atructure is complicated, and they usually termi-
pate with a hook, by which they seize upon their

rey.
i Icy is on the sides of these rings that the open-
ings for respiration are seen. Thenumber of joints
in the body is well defined—three for the head,
three for the thorax, and & number which varies
for the abdomen, or posterior extremity
The structure of the wings varies very much.
BSome are transparent and have ribs brauched in
different ways. They have a very varied appear-
ance. These are the remnants of blood-vessels. It
has been ascertained that these ribs are hardened
remnants of tubes through which the circulation
was carried on in the earlier -
stages of life. In the perfect
animal these tubes becom:
hard. and the opening is oblir
erated. When the winga are
very hard, as in the beetle, n
trace of the ribs is percept
ible. Usually, these bard wing:
answer the purposes of shield:
for the protection of the mem
braneous wings underneath S :
and extend over the posterior pgruovu ut e ubav
men. Butin many insecta the two pairs of wings
are membraneous. Sometimes the posterior por-

tion of the wing is softer than the anterior portion..

These differences in the structure of the wing have
been made the basis of the classification of many
eontomologists.

‘Where there are hard wings covering membrane-
ous wings, as in the beetle, the insects have been
ealled Coleoptera. They are the most numerous,
and of them the greatest number have been de-
scribed. When the external wings are straight
and hard and the lower wings are also straight,

_ . though not so hard, they have
beennamedOrthoptera. Grass-
hoppers belong to this class.
When only the base of the up-
per wing is hard and the ex-
ternal end of it soft, they are
called Emiptera. When the
whole wing is membraneous,
but when the “nerves” are ar-
-anged soas to form a network.

4 E as in the dragon-fly. they bave
been callea Neurip'era. When the wings can be
folded longitudinalli/ and trangverealv. ag in hees,
they have been called Hemip-
tera. 'When ouly two pairs o
wings exist, they are calle:
Diptera. You see Ihave scarce
1y time to mentidn the funda
mental principles of the classi
fication. It would be interest
ing to enter into details abon
the structure of these winue
but it is not possible in th:
limits of this course. Anothe
group of insects has been called Apiciw, v ** Wing-
less.”

Other naturalists have made use of the jaws of
insects e the hasin of a classification. The beetle.

—m———— for instance, has very
sowerful jaws, by which
it can cut its food and
livide it just asthe car-
nivorous animals. These
iaws are as follows: in
he anterior portion of
hehead there is astrong
~air of plates like a scis-
sors, which have beem
called the “mandibles.”

i
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The head of the insect should be viewed in profile,
and then we have this appearance. which exhibits
the mandibles and the mode of their articulation.

There is another class which have lateral ap-
pendages. These palpi are the organs by which
the animal swallows and apprecia‘es its food.

These structural peculisrities have given origin
to the terms Suctoria and
Mandibulata as designato
ry of these two classes o
insects. Bat all the ele
mentary works on entomo!
ogy give so fully gll thes
details that it is not neces
ary to enter into them more
at leneth.

1 will only add a few re
marks on the metamorph::
ses of insects, and show
what eviden~e we have for
the systematic arrangement and appreciation?f
the valtie of different types of articulated animal.
The oaterpillar of insects is composed of a series of
rings which are quite uniform. The three snteri-
or pairs have feet of & peculiar structure, which ate
terminated by hooks, and these three pairs of hooks
or feet correspond to the three rings which will

form the thorax in the
perfect insect. The sev
enth, eighth, ninth an
tenth rings have o'he
feet ofa pecalisr form like
suckers—membraneous tece which #ic usen as oc-
gans of locomotion—and usually the last ring has
still a pair turned backward. Now the nervous
system, alimentary tube and all the organs of respi-
ration are perfectly uniform in all the rings. There

is a nervous mass in every ring, 8o that the gtruc-
ture of such a caterpillar is very similar to that of
any worm. The alimentary tube is a simple tube
scarcely swelling in the region where the horn;

fe}ethare}a::en, and quite uniform for the whole lengti
of the had,

R+ in the perfect insect, where we
1ave the head well de-
ined, the thorax dis-
tnct and the posterior
‘egion divided complete-
y from the anterior por-
ion, we have the ante-
or rings of the head
till the same, but only
ine large nervous mass

0w e -udon of thesethree nerves;

Vi Luees

and then in the abdqu?we see again this differ-
of

ence. But when some of the rings come together
we have & greater approximation between them.
Here, though combined, the tundamental distinction
of these swellings can still be observed. Here we
sea evidence that such insects with defined and
distinct regions of the body must be considered as
superior to those which have no such divisions.

The class of Crustacea is the highest among ar-
ticulated animals, and we infer this for the reason
that their circalation is quite perfect. Thoy huve
a heart, from which proceed large =
blood-vessels, conveying the blood
to all parts of the body. This blood
is returned to the organs of respira-
tion. In a lobster the organs of res
piration correspond precisely to the @
thorax. Thay are in common chiefly
formed by the janction of rings er B
the back and are above the base of |
the feet. Now if you will remember
what I showed youm in articulated
animals, where we have here little
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branching blood- vessel—here a vesicle with vessels
ramifying init,'and if we trace the whole series of
modifications in the type of articulated animals
iou will readily admit that in the Crustacea you
ave only in a higher and more complicated or-
ganization the blood-vessels seen in worms.

It is not a useless playing with forms to make
these anslogies. I will take my example from an
actaal species. We bave inthe earth-worm, simply
stiff hairs as organs of locomotion, articulated at the
base. We have in many of the marine worms these
bairs not only articulated at the base, but aleo
articulated at some distance from the base. We
bave that, for instance. among the Apkrodite.—

" But take some of the in-
sects and we have a foot
with articulations and a
hook at the termination—a
foot formed of numerous
joints and a hook at the end.
W emay trace all these mod-
fications in certain families
of the Crustacea. Here we
have the last but one, and
here the last joint. Now
let this projection become
a little more Erominent and you see how little is
wanting to make that a claw! Nor is this at all
accidental. All can be referred to one and the
same type—in fact, that :

these complicate!
structures of locomotic
from the heavy claw !
the crab andlobster dovi 1/
to the single stiff bair 1,
‘which worms move. &«
o-:lx modifications of on¢

the same type of &)
pendages. (Applause.)

The jaws are the same«
as the feet.. Tn insects the jews are only modified

feet; and if we wanted

iroof of that we have only
0 look at the jaws of
rustacea. In many of
the orustacea there are
1ot two pairs of such lat-
ral movable appendages
win the insect, but there
iI'e a8 many as six pairs.
I'he arrangement is thus:
L et this be the foot of the
crub. W e cau sce how it is divided into these rings.
The anterior one has an ap
gendage. At its end we
nd an eye. Then comes|
an appendage, as we see
here—internal and external
anterns ; and here the mouth. Here are the man-
dibles. Then another pair more slender; and 2
third pair still more slender. Then come three
other pairs more complicated. So we have a se-
ries of appendages from the tail to the anterior ex-
tremity of the head. In the posterior extremity
they are paddles, by which the animal swims. In
the tail they are flat appendages; in the thorax
they are feet ; in the head, jaws; in the anterior
extremity of the head, appendages by which the
animals touch their food, and the first of these ap-

pendages terminates in an eye, and all thege differ-
ent appendages are only modifications of one and
the same type. Nothing is more interesting than
::9 trace these modifications through different fami-
ies.

Among Crustacea there are a great many which
are parasites and form a group. They attach
themselves to the gills,
skin and fins of fishes—
In these, some of the
jaws and anterior portion
of the feet unite togeth
er from the two sines
and form at the jonction
a large sucker, by which
the little animal fixes
itself on the fish on
which it lives as a par
asite. These nppendages, these sucker-like discs,
are formed sometimes of the jaws, and sometimes
of the anterior portion of the feet. The metamor-
phosis of these parasites is extremely curious.—
They are free-moving insects when young, but af-
terward become fixed, and usually grow to a mon-
strous size, and change entirely their shape, so thht
they are frequently mistaken for other animals.—
Many of these parasitical crabs have been described
as peculiar genera, when they are only families
wk.:}ch bave long remained attached to other ani-
mals.

The form of these animals is extremely interest-
ing, but still extremely obscure. The crustacea
proper, which remain free-moving animals, are ex-
ceedingly numerous, and it is difficult to classify
them. The most common division is that of Ento-
mostroca and Malamostroca.

Their eyes, like those
of insects, are exceedin?-
ly complicated. Of this
complication you will
form some idea from this
diagram. The surface
of the eye is composed
of a great number of
little eyes united, and
to each of which a nervous thread may be traced,
arising from a common nerve which proceeds from
the anterior or upper swelling of the nervous sys-
tem placed in the anterior portion of the head. The
number of these eyes varies from hundreds to
thousands. Some have ten thousand e{el united
to form one single hemisphere, apparently one eye.
The mode of vision in these animals is difficult to
understand, and it is owing to this arrangement that
the rays only which fall perpendicularly en that
part of the eye can reach the hervous system, be-
canse every one of these little eyes is tubular, and
hasnot a spheroid form as the eye of other animals

Among the Crustacea we have a series of forms,
similar to those which we see in the metamorphoses
of insects. We have elongated types in which all
the rings are similar, as in the shrimps. On the
contrary, we have other types, in which the ante-
rior region is very much complicated, while the tail
is short and curved on the body. This is the case
of the crabs. The latter stand highest, and those
with elongated tail must stand next, and so down
to those which are parasites.
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LECTURE IX.

The Structure of the Vertebrated Animals—Fishes....Vertebrated Animals characterized by striking Diffe
Characteristics of Flshes—The Formation of their Vertebral Column....Connection of the Vertebrs....Fins and
their Structure....Division of the Fishes uceordln,.hm the Position of their l‘lm‘r

. u .

Fishes....Restorations of Fishes....The Brain of F

'ormation of the Scales of
as those of higher

P

the same parts
als. ...Succession of Fishes, Reptiles, Birds and Mammalia, and in the last epoch only one type—Man, who

A 3
stands at the head of Creation.
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LADIEs AND GENTLEMEN: This evening I in-
tend to illustrate the structare and some points in
the history of the vertebrated animals, beginning
with the class of fishes.

The vertebrated animals, the higher group of
the Animal Kingdom, are characterized, as I have
already stated. by striking differences. Their es-
sential organs—the nervous system, eomprising
the brain and spinal marrow ; and the organs of
vegetative life, the stomach, the alimentary canal,
the hldlig_l, hears and blood-vessels, are containedin
two different cavities;—the former in an upper
or poaterior cavity, according to the position of the
animal, and the latter, the orgauns of vegetative life,
by #vhich the animal lives, in the lower or anterior
cavity. These two cavities are formed by bones—
a series of bones called the back-bone, having ap-

endages curved upward and uniting on the back,

orming the cavity which contains the spinal mar-
row. Other appendages are turned downward,
sometimes uniting, sometimes terminating between
the soft walls of the animal, ferming a lower cavity
in which the alimentary canal, the langs, the heart
and ether viscera are contained.

In these three skeletons on the wall you may
see these general traits of the vertebrata, just as
well as in any of the higher classes. You see that
in these skeletons the vertebral column is un-
divided in its whole length and not divided
by transverse articulations. Few fishes have
such an undivided vertebral column. These belong
to & peculiar class to which I sball soon refer. Gen.
erally the vertebrated animals have this colamn
formed of divided bones moving upon each other.
In those which have an undivided vertebral column
we have & reminiscence of the condition of things
when the animal was in the egg and the vertebral
oolumn was merely a cartilaginous string—the so-
ealled dorsal cord, which is the foundation of the
vertebral colama in the new individual when very
yonn‘?n:vithin the egg; and this vertebral column
rem! soft in mauy fishes, and in those which
must be idered as the lowest. These only in
their fnll-mn state preserve the character of the

embryo. it is a peculiar condition of things—a
- most extraordinary condition of things, which I re-
gard as of high importance in attaining & correct
derstanding of the ulion.du:g gndugon of
types in geological epochs. I h egood fortune
to notice, when investigating these fishes, that
there are fishes which in their full-grown state ex
hibit, in their vertebral column, precisely the same
state of things as existed in the fish wlian forming
within the egg.

The first thing which is perceived in the
fish when the substance of the upper luy er [5
of the egg is condensating—becominy i
vided into organs—is a series of lateral =
condensations, and between that there 180
a continuous string, which has recsived &8/}
the name of dorsal cord. That is the foun 50 1 1
dation of t.hel buc.::lono or vertebral column
1t is certainly cartilaginous in the exubryo,
and remains 8o in the sturgeon and in seve
ral cartilaginous fishes; and this is, most ex
traordinary to say, the matural and unilorm
eondition of all fishes of ancient s. In
the ancient strata—in the strata below the

coal, at the beginning of the creation of animal
life, when the fishes were first introduced in the
waters, all the fishes had this peculiar condition of
the vertebral column—bony appendages, but no ver-

tebree—no division of the back-bone—a cartilaginous
dorssal cord remaining throughout life.

There are very many peculiarities in the struc-
ture of fishes which deserve to be noticed, in order
to distinguish the class of fishes from the other
classes of vertebrated animals.

It appears to be of little value, but it is one of
the most striking characteristics of this class, that
all are perfectly horizontal—all swim horizontally.
There is a longitudinal diameter, ranning from the
head to the tail, which is perfectly straight. Now
you will find that in any of the other verte-
brated animals—in the reptiles. in the frogs and
salamanders, in the snakes—the head rises more or
less. Even in those which bave no legs. as the
snakes, the head rises more or less from the hori-
zontal position of the body. Another characteris-
tic trait of the fish is to have no neck. The head
and trunk are continuous; so that the fish camnot
move its head upon the neck. The fishes movethe
head and the trunk together; they form a lateral
curve more or less marked, but there is no possi-
bility of an immediate motion of the trunk upon
the neck. There is one single exception to this—
and it is in this fish whose skeleton you see here.

The vertebr® of the fish are connected in this
manver: Just take two
of the vertebra, with theis
apper and lower append
ages. The surfaces by
which the bones unite
bere, when cnt across
would have such a sur-
face. These singularsur
aoes, from Whict these points arise
above and these riba below, are
ot flat as in the Mammalia. The_v
ara hollow »nnes farmed in soch &
| n R DN er,
wid these
hollow
nes nre
Iedwit

artilags
[hese ar
ticulations auv wut aliow sy,
siderable motion between the vertebrs ;

con-
\that
is the reason why the fishes have general metion
and cannot move ome part of their body oa the next
or following portion. One type of fishes has articu.

lations similar to those of reptiles. There is

Y
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a fish of the Westorn
‘waters, found also in the
Northern lukes, whick
‘has vertebrm with hol
low surfaces posteriorly

This fish is only a rem-
nant of & mumerous fam
ily, of which you have
here some representa-

tions. They were very numerous, not in the
oldest strats, but in the so-called secondary
strata of the crust of our globe, and this living
gpe, whose structure can be well studied, has
at likeness to the reptiles that the articulations
in its back-bone are movable by a ball-and-socket
joint. This is a reptilian structure of the skeleton
in this fish—a form common in many fishes
at an epoch when reptiles did not yet exist. They
are the next step in the fishes in their succession in
geological epochs, and that is one of the first fishes
whose vertebral column, instead of remaining carti-
aginous, b bony Now I had the
good fortune to see one of that class of fishes alive
last Spring; and my first thought was to see
whether it moved its neck, and the first look at it
conveyed the impression that it did. In this re-
spect this reptilian fish, with this peculiar articu-
lation of the vertebrs, has the faculty of moving its
neck right and left, —though the neck is not divided ;
though there is no divisien, the head can be moved
sideways.

Another peculiarity of fishes is found in the fins.
Instead of legs, these animals have fins of & pecu-
liar kind, which serve the purposes of organs of lo-
comotion. The organs of locomotion in birds and in
reptiles consist of a few joints. There is the shoul
der—there is the upper arm—the fore-arm and the-
hand. They have similar bones in the posterior ex-
tremities. All these are detached from the walls
of the animal. In fishes we have also a shoulder,
arm and fore-arm ; but the bones were detached from
the body,only the hand dependssideways. The arm
remains within the wall of the animal,and the fingers
are numerous instead of being reduced to the num-
ber of five, as in the case of the higher vertebrated
animals. None of the higher vertebrated animals,
2o reptile, no bird, no mammal has more than five
fingers; thereare many which have only two, three
or gonr fingers; in horses there is only one: the hoot

- is the nail of the single finger. In fishes, I was a-
bout to say, instead of being reduced to the number
of five, the fingers are many, and are united into
many joints. I juststated that the bigher amimals
have several fingers, and 1 might go on and show
the beautifg) adaptation of the human hand. In an-
imals which have only four fingers, the first which
is wanting is the thumb ; then, in the next, where
there are only three fingers, the little finger—
the shortest remaining—is also wanting. In those
which have only two fingers—which is uniformly the
case in the ruminating animals—we have only the
middle and annular, or fourth, finger; and there are
usually two rudimentary fingers backward, corres-
gouding to the first and fifth fingers, and which even

ave also rudimentary nails. Where only one finger
is, left it is the medial finger, and that is the case in
the horse. Thus, in proportion to the fingers, we may
trace the gradation of the hand or foot in the whole
series of animals. (Aﬂplanle.) This is nothing but
a common anatomical fact.

Bat, beside, the fishes have other fins. 1 will just
mention their names. First: there is the pectoral fin,
because placed on the chest; thenthe abdominal
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fin, on the abdomen—usually placed on the centre of
that cavity, but in some we have the abdominal
fin just below the pectoral, and in them it is even
more forward. Soit isinthe cod, where the ven-
tral fins are placed under the head in front of the
pectoral cavity. The other fins are placed verti-

cally above and below

bony
rising from the vertebra e

appe
sordir

vived different

| eolumn

positiou of these fins, they have re
names, The one on the back is ealled the dorsal
fin—that below the tail, the anal fin—that at the *

termination of the tail, the candal fin.

These fins vary very much in their form and even
in their number ~Sometimes the dorsal, caudal and
anal fins are united into one continuous fin, begin-
ping at the neck and continuing till it terminates
in the tail. Buch is the case in the eel. This con-
dition of fin we find in every embryotic fish at the
beginning of its formation in the egg. All these
bave a continuous fin. As the fish grows, moreor less
dentations are to be seen, and the fins at length di-
vide, as we see them in the full-grown fish.

But what is most extrsordinary is, that young
fishes have the vertebral column not terminating
in a st¥aight line, as you see here, with are%u]ar bi-
Jobed medial fin. That is only seen in fall-grown

fishes. Young fishes always have
the vertebral column terminating
in the following manner: 'The
white-fish, common in Lake Su
erior and other Northern Lakes,
as its medial fin as deeply emar
ginate as this. We have one in wus 3 #iss Lakes
quite similar to the white-fish of these Lakes; and,
indeed, it cannot be readily distinguished from the
latter, unless by those who have made Zodlogy a
very serious study. In this fish I had the chance
of examining the egg, and of tracing the succesive

LRy oy ohanges which occur

there. T could ob-
serve in the young
fishes the following
d nutline: Lines be-
¢inning here and ex-
r,endius 80 all round
the animal, the back-
boue extending so, wud wen terminating in the
centre, 8o that we have here a regular termination
of the vertebral column. Now when the fish grows
larger this is diminished ; the lower extremity be-
more prominent, and after the fish has been
hatched it changes ita form so
as to present that appearance.—
This is only that exaggerated
But you will easily perceive how
readily it may be chuoged, and
even the vertebral column be
come regular and ouly = little »
remnant of that irregularity re ~
main in the curve oi the very last part ol the
colamn. This is observed not only in this fish,
but in many other fishes—in fact among all those
bony fishes whose young have been observed within
the egg. Now we will see that that same form of tail
is seen in these bony fishes of ancient types. All
fishes in the coal and below the coal, which have a
bony skeleton, have such a termination of the tail;
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andit is only inthe secondary strata, in the interme-
diate h of a succession of animals, that we find
the tail becoming more and more regular. In one of
my dl'lwinfl here there is only aslightobliquity left.
It is a fish from the chalk. Among the fishes of our
day we have only the sturgeon which bas this car-
tilaginous vertebral column, and in the tribe of

gcartilaginous fish at large, those whose skeleton

never becomes bony—the sharks and skates—we
have also that irregular prolongation of the verte-
bral celumn.

It is a matter of surprise even now, and of course
‘w i

]

as more surprising when first discovered, that
there should be such a strict correspondence be-
tween the form of ancient fishes, which alone pos-
sessed the waters of former days, and the changes
which we now see going on in all the young fishes
within the egg. ese changes correspond gre-
cisely to the order of succession of fishes in ?o -
ical epochs, so much 80, that more than once I have
been able from this to establish the species and
even the geological epoch to which fossil fish be-
long. In this country there is a full series of stra-

ta, containing fossil fishes which all show in their
structure such a position of their tail—an oblique
termination, not this symmetry—whose era must

be between the coal and the oolitic series. I have
seen a beautiful series of these fishes in the collec-
tion of ascientific gentlemanin this city—the most
beautiful, indeed, that I have ever seen.

This correspondence of structure between the
egg of fishes and the growth of the embryo, is one
ots the matters which can be established, perhaps,
only in a class of animals whose structure has been
fally ascertained. I could show some examples
among the acephala of the Mollusca, because they
have been better studied than other types. But
the fact being that there is such a strict corres-
pondence between the phenomena observed in the
growth of individuals and the succession of geolo-
gical epochs, I venture to masintain what 1 have
already asserted, that allclassifications in which we
should not find such an agreement must be defec-
tive, and can have been constructed only on account
of want of information. In Nature, when we have
ascertained a rule ofsuch an extent, we are safe in
regarding it as the general rule, because there bave
been observed no such exceptions in organic life.—
(Applause.) o 5

I see this favorite subject of mine has already
led me beyond the limit of time to be devoted to
this class of animals. I must, therefore, abridge
what yet remains to be said of fishes, in order that
1 may be able to go throughthat class in this even-
ing’s Lecture.

There is one point in the structure of fishes to
which 1 must allude, as it is important in its bear-
ing on the study of fossil fishes. Irefer to the
scales of fishes.

Naturalists have usually classified the fishes by
their fins, uniting first the fishes which have a
bony skeleton and those which have a cartilaginous
gkeleton; uniting, for instance, the skates, sharks
and sturgeons into one order—then all fishes witha
bony or hard skeleten, in another order; and then
subdividing these two primary groups by the posi-
tion of their fins. Cavieradopted these primary divi-
sions, and arranged the
ishes into two great groups
—those with only soft rays
n their fins, and those

‘ays, but spines also rising
18 you see here—bard

which had not ouly soft | fro
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Linnwus adopted another mode of classification...
He divided the fishes according to the position of
the pectoral and ventral fins. He named
dominals” all the fishes whose ventrals are placed
in the middle region of the abdominal cavity.—
The next he called ‘‘thoracici,” those with
ventrals on the thoracic region. Then he
named ‘‘jugulars” those whose ventrals are in
front of the pectorals, and then he bad in another
class those whose fins are continuous, a3 in
the eels. But such a classification, though
readily learned, is not at all natural, and does
not bring the fishes together as they are really
g'eluted. The classification followed by Cuvier,
in which the hardness or softness of the rays
of fins is the principle, is not any more nat-
ural than the other, which is beneath criticism.—
If, instead of taking the hardness of the rays, the
structure itself were taken as the basis of classifi-
cation, it would be much more nataral. Then we
would have fishes which have, in the dorsal, simple
rays in front and articulated and divided rays in
the posterior. When these rays are divided not
only longitndinally, hot also transversely, the dis-
tinction has, I think, some value.
[ will show that by referring to
unother difforence. Studying the
{ossil fishes I could not satisfy
mysell with the classifications,
swenuse theyscarcely ever show-
o their general form. We find
too rarely a cemplete fossil fish
SNt be able to ascertain by the
structure—by the form of the
fish—to wiue twnily ¢ belongs. But the scales
were frequently fou d is an excellent state
of preservation; and when investigating the
subject I tried to find in the scale some
characters by which I could recoenize fthe
fishes, or by which | conls
classify them. One pre
liminary fact was (10 e
certained : that thos« Hl.
which had some | liones
to the ancient firlios |
scales of peculiur «iru
tare. The structur: ol »
common scale is thi«
ers are formed succ st
ly on eachother i & 1an
ner very similar to 11,
mation of a shell. Thes
tare. I make now u =

# horny struc-

ction of this scale. Sucha
scale is a coil oflayers piled
up,theoldest being uniform-
ly below, and is covered
~ith a mass of considera-
le thickness of true enam-

el, 48 hard as the haiaes!
enamel of the teeth, anc
the lower portion of thi:
scale is bony substance
showing all the charac ‘
teristic peculiarities of vu., s.uciure. Here we
have two varieties of scales, of very different
structure. Now all the fossil fishes, without any
exception, have such enameled scales—the lower
layer of bony substance and the upper of enamel
of considerable thickness. This atforded a suffi-
cient reason for the union of all these fishes in one
order, especially as they differed so completely
m the common fishes.

Recent anatomical investigations have led even
those who at first ridiculed this mode of classifica-
tion to adopt it themselves. Johannes Muller, for
instance, of Berlin, who at first laughed at this
singular desquamation, as he was pleased to term

Ve
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it, has himself acknowledged that it was the most

~fortunate hit I made in Ichthyology. (Applause.)
Every animal is cartilsgioous at the beginning.
Even those animals which have the hardest bones
bave a cartilaginous skeleton in the embryotio
mtate. It is only at a later period of life that they
become bony. That, then, gave me the basis for
a claswification, and 1 think that from that time 1
made more rapid progress than before in Ichthyel-
ogy. After 1 had ascertained these apalogies I
went on, and found that sharks always had scales
of s pecaliar character, formed ouly of enamel with-
out bouy substance below. All those protaber.
‘unues on the skin of the skates are of enamel, bat
they are not arranged in layers on a bony basis,
and therefore, they form another type. Then among
the fishes with scles of horny substance, deposited
in layers I found that these were two types: one
‘type in which the acales are gimple lavers with
regular ontlines ; and another it
‘which the scales had dentateo
-ioutliner, so that every ove hac
teeth in its posterior edge, an
that as the scale grew larger
these dentations became more
“mumerous, and the surface of the
scale became gradoally rongher sud rouguer. Now
we bave that io the perch. The mere touch of that
fish discovers this pecnliarity, while the fishes
whose surface is smooth have the seales formed in

simple layers.

A gingular coincidence is this, that fishes, with
few exceptions, which have such dentations on the
terior margins, are just, those which have the
Eol.:d bony spines on the anterior portion of the dor-
salfin; and more than that, the head of the fish hes
something quite characteristic.
meo weh]nw
a bony plate
which covers

acrescent JUe
‘shaped bone
‘movable, and
behind whiek
there are throe
-other  bones|
movable upor
it, and that
Jjoins with the lower jaw here, also movable.—
These four bones here have been called the oper-
oulum.

Huving ascertained such a connection between
the hard parts of the animal, I becamne more and mors
convinced of the value of scales ; and 1 then endea-
vored to fscertain to what families belonged those
of which any scales had been found, and to classify
the whole u% fishes anccording to the structure of the
scales. 1 putinone order all the fishes which have
only enameled gronnles on the skin, and called

:them Plocoids. All those which have scales cov-
ered with emamel I called Ganoids. All those
which hed dentated, serrated scales, with hard
bane in the back-bone and serratures in the oper-
cular bones, I classed together as Ctenoids; and
those which had simple head-bones, soft rays und
woft scales, with simple oatlines, I classed together
and called Cyeloids.

Of course, when studying the different families,
I found the gimilar relations in the detanilsa which
enabled me to find correspondent adaptations be-
tween the higher characteristics by which we dis-
tinguish genera and species.

Now, 1 was enabled to “restore” o fish from iso-
lated scnles. ‘Bo much has been said about that
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that I will show how possible, and indeed how
easy it was for any one who took the trouble first to
investigate these relations. I have shown how the
different modifications of the structure of the head-
bones are related to the structare of the fins and the
structure of the scales. I will not try your pa-
tience by going intodetails, but I willonly show you
how easy 1t was, from the knowledge of these re-
lations of the scales to other portions of the animal,
to give the probable and approsimative outlineof &
fish when you have had enly a single scale as a
starting point. (Applause.) Let me draw a scale.
A great many fossil fishes have angular scales of
this oblique form. That portion which is here en-

ased by enamel is covered by a
e which proceeds so that I am

merely of the enameled portions
without drawing the portion which
s covered. I will make the scale
of a size which will enable me to give the
whole thing on the board. Let that, then, be the
ontl;lixe <}£ the :;;:;e. Now we ‘kno; that ltbere a.;ie
usually forty, or sixty scales in one longitadi-
nal lezies from the head gtbe tail. We know that
fishes which are about as thick as long have thess
scales higher than they are long; and that those
which are longer have their scales longer than they
are high. Theseare preliminary facts easily obtain-
ed by Investigation. We now find a scale which is
about as long as it is high. You see then what an
easytask it 1s todraw acales of about the same form,
perhaps forty in that line, and you will have to
make a fish about as high as it is long. You .at
once draw your outline and when placing your
scales you will find that they fit easily, and KW
draw them with as much precision as if you had
the living model before you. But you have now
got a fish without fins! The question is where are
you to put the fins? And, again, what sort of &

head are you to put to such a body ! (A lnnghi}
A fish which has a flat, ovate form like that wil
be a fish of not very rapid motion; and we know
that all fishes not possessed of powers of rapid mo-
tion have rather elongated dorsal and anal fins,
and that the caudal fin is not forked. Those that
swim fast have the tail forked, and these fins act
as a paddle. The fishes which have a broad, flat
body, are not voracioas ; therefore they cannot have
a prolonged snout. They will have a short, round
heed, and se in that way you terminate your draw-
ing. (Applause.) ) .

i‘hu all that can be done with precision I had the
good fortune to be able to demonstrate in & rather
striking manner. Inthe year 1833 I delineated in
the first number of my work on * Fossil Fishes,” a
scale of a fossil fish sent me from England, and
from it drew the fish to which I considered it to be-
long. Inthe following yesr, 1834, the whole remains
of the fish were collected, and the drawing was
given in the third number of my work. Ihave the
satisfaction of saying that the two delineations do
net differ in any essential way, even in the details
(Loud applause.) [~ |

These restorations have been repeatedly made.
They have been made in other cases where the

process was still more difficult. Cuvier was the first
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who made these restorations from single bones of
those fossil mammalia found in the gypsum near
Paris. He restored several genera. He gave not
only the whole skeleton of these animals, but even
the outlines of their forms. Thus far he could go,
and thus far he did go, and gave entirely satisfacto-
ry details to his figures. Some imitators followed
and went farther than he—giving even 'hair to
these animals and dots to their colors! They ac-
complished all that, but there were as many lies as
additions to the figures. (A laugh.)

The structure of fishes is in general the same as
that of the higher vertebrated animals, except per-
:nlrc as far as regards the organs of respiration.—

fishes do not breathe by 7.1.,5. as the mamma-
lia, birds nnd. re tile.l‘ They breathe by gills, or-
ans placed in the sides of the head under those
@ covers which protect the sides of the head.
These gills have the fol- :
lowing structure: Let
that be the posterior mar-
gin of the hend. Here
we have in the opercle |
three, fourand sometimes |
more, arch-shaped boues, |
ugually three or foor, 1o
whose pesterior murgin
we see attached swmall
bony appendages, along which blood-vessels run in
great abundance. These are the organs of respira-
tion. The blood comes to them immediately from
the heart, which is placed here below and bas this
form. A large sac receives the blood coming

from the body, which is the auricle, and empties
into another cavity called the ventricle; and that
empties through a tube which has received the
name of aortic tabe ; and here arises a large blood-
vessel, under the name of sorta, which branches
into as many branches as there arearches in the gill.
There is no continuation to this t blood-vessel.
The blood directly to the gills and then comes
back after it has reached the termination, through

a sinus, and all these veins unite, forming amother
large blood-vessel by their junction, which runs te
the back-bone and along this cavity benmeath it,
whence it is distributed toall the viscera of the ab-
dominal cavity. The blood, after it has reached all
partsof the body, returns through these veins and is
emptied into this large sac, so that the venous blood
comes into that cavity and is propelled into the gills,
where it is converted into arterial blood.

Buch a circulation is called *a simple circulation.”
But beside these organs of respiration we have in
fishes a curious organ placed in the upper d}xm.lon
of the abdominal cavity—a hrtie air-sac called the
air-bladder, which opens into the alimen tube-
above. This is a rudimentary lung. It is the first
indication of the formation of a lung in vertebrated
animals; and when tracing the formation of the
organs within the egg we may ascertain that in its

position and formation this air-bladder is similar to -

the lung of higher animals. i

The mouth opens into the gills, which form the
arches on both sides. The food passes betweea
these arches, and moves on into the stomach which
is very uniform. The alimentary tube is scarcely
more slender than the stomach, and is very short in
most fishes. There is also a large liver and gall-
bladder, =o that in the structure of the viscera the
fishes do not materially differ from the higher ani-
mals. All of them lay eggs in innumerable quan-
tities. There are species which lay as many as
fifty thousand eggs. This extraordinary fecundity
affords a ready explanation of the great number of
fishes, and the non-disappearance of any of the

tysel notwithstanding the voracity of these ani-.
m

s.
The brain in fishes has the same essential parts
as that of higher animeals. We have also nerves
proceeding to the
e, the nose nue
the ear, which has
no external outlel
batis yet quite com
plicated. Hereisan
other striking anal
with the highe
animals. All belon,
to one and the same pian, and the order of their
structural arrangement precisely corresponds with
their succession in geological times. There was
an epoch when there were no fishes, no reptiles, no
mammalia. First come the fishes, and fishes only
exist. Then appear the reptiles—then the birds,
and lastly the mammalia ; and in the last e only
one type is introduced—Man—who st: the
head of Creation.

at
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Geologieal Buccession of the Class of Fishes....The Vertebral Structurs of Fishes—Peculiarit
The Placoids—Sharks and Skates—Fossil Remains of the Shark....The Ganoi

of their Teeth....
ids—The Gar-pike: its Hard Enam-

eled Scales....The genus an'doauu—’l‘heir' Vertebral Structure....The Alligato1....Peculiarities of the most
ancient Fishes—their Analogy to the Reptiles....The Ctenoids....The Sparoids....Position of Flat Fish in

Swimming—Peculiarity in their Eyes....The Herrin,
A[épnrent dissimilarityin their Structure—Snakes Lizar
—8ti

5....’1‘1:0 Trout....The Codfish....The Class of Re};‘sﬁlcl—
'

without feet—The Turtlesimilar tothe Lizard—The Frog

ructure of the Heart in Reptiles—Divinion of Reptiles into four Orders: Turtles, Lizards, Snakes and Frogs

....Scales of the Tortoise nothing but extended Ribs..

..Brain of Reptiles small.....

Date of the existence of

the Turtle not very ancient....Crocodiles a Remnant of the Ancient Type of Lizards....The American Crocodile
«+-.Fossil Remains of the Mososaurus....Characters of Ancient Types determined by Comparizon of the Vertebre

e [f:xtem{ve Discoveries yet to be made on this Conti

tary Feet.. M. Difference in the Strycture of the Jaws in

Snakes....Foseil Snakes found in the London Clay...

LaDIES AND GENTLEMEN :—Through the kind-
ness of Prof. Watts, I have been provided with a
series of specimens from the College Museum,
which will enable me to show several facts of in-

Qnak

nent....Lizards yith'gut Feei and Snakes with Rudimen-

and L Dist of the Jaws of

.Batrachians,

terest relative to the structure of Fishes and Rep-
tiles. Having-gone through the examination of the
anatomical character of fishes, we have the means
of understanding more fully the order of succession

N
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and the mede of introduction of the different types
in geological epochs.
will now advert to some of the peculiarities in
the families of Fishes. I have already stated in
my last Lecture that the class of fishes is divided
inte four Orders, from the structure of the scales.
But these peculiarities in the structure of the scales
are not the only characteristics by which these Or-
ders are distinguished. For example: in the first
group, the Placoids, which is covered with enam-
eled tubercles spread over the skin, we have a
skeleton constantly cartilaginous. This, though
sometimes hard, is,never bony agin other fishes.
Again, the vertebra on the central portions of the
back-bone are also separated from appendages
which stand above and below, so that the vertebral
column can be taken out of the body like a stick.—
Here is a specimen. You see plainly on these sur-
fases the prominent characteristics of all fishes that
have the whole surface articulated. You observe
this cavity and, ogpo-ite to it, & similar one. You
see several vertebrs, one mbove the
other, and these holes form biconicalls
cavities. For the sake of a clear un-
derstanding I will repeat what 1 have
before explained. Buch a portion of
the back-bone of the shark is divided
into. & series of cylinders which are|
hollow io this manner. These hollow
' . cavities in
Bl contact with each other
Bl re filled with cartilage.
So there are herethe hard
vortions of the vertebres,
Mand above them the ap-
pendages of the vertebral
column, but separate from
the back-bones them-
selves, and articalated in such a manner that they
easily fell off.

Another peculiarity of all cartilaginous fishes, is
to bave their teeth loose, without sockets, and only
attached to the jaw by the skin. They are not in-
serted in deep sockets as those of other fishes and
higher orders of animals. This mode of insertion
renders the teeth movable, so that the shark can
erect its teeth. The shark has not a single row,
but five, six or seven rows behind each other, and
the first erect teeth are placed thus|
On the edge of the jaw we have an
erect tooth, and back of it numerous
teeth whose pointis turned buckward §8
As often as such a tooth is destroyed,
the next tooth will take its place
that there is a constant supply.
rows of teeth are not always as dis
tinct as in this instance. In man
the teeth are united so as to form
their junction.

In the skates the teeth are arranged in this man-
ner; like paving-stones. This being the anterior

R * o murgin of the jaw, there
“lire constantly newteeth
‘orming at the back as
ften as the front ones
fall off. There are some-
mes as many as twenty
L T 2 or thirty in one row, all
ol which are renewed u the same manner, and as
the animal increases in size the series of teeth
grow larger. The series of teeth are oblique, and
as they fall off, those which come to supply their
lace will fill up the whole margin of the iiaw.—
hose back teeth are formed on alarger scale than
those in front. .

The order of Placoids containg two families—
sharks and skates. These two familles, though

F. rge pl

very different in form and structure, have this. in
common—their gills are merely covered ltrlg‘:
of skin. There are as many openings as gills.

the common fishes there is only one opening in the
gill and wseries of fat hones covering the whole
cavities in which the gills are contained. But in
the shark there are externally five, and sometimes
six or seven | ) s T

strips of skin B
Inthe skutes,
which  are
flat, thae fis.
sures open under the beads—in the sharks, on
each side.

A knowledge of the details in the siructare of
the shark is very interesting to geologists. The
great number of their teeth found in a fessil state,
renders it quite y for the geelogiat to know
what differences in their structure the teeth indi-
otte. Their skeleton, being rather soft, is not often
preserved in a fossil state, but the teeth being ex-

ceedingly bard, are very common in geological
strata. [n the tertiary strate some are found ex-
ceedingly large. In this shark, which is about

twelve feet in length, the teeth are nearly an
inch long. Bome are found, having the same
form, which are several inches in hight and as
much in width, In Malta, teeth are
jfound seven inches long and four and
0 hall broad at the base. One would
suppose that the shark from which
it was derived must have been ex-
‘eedingly large. Such is not the fact.
ey probably did not exceed some
living oues, being about twenty-five
S%0r thirty feet in length. It bas been
posed that they were sixty or one hundred feet
ong; hut suchis an exaggeration, caused by
waant of a proper knowledge of the corresponding
living species. Bharks of the greatest size bave
not the largest teeth, but on the contrary, those
having the smallest have the largest teeth,
and it is to this tribe of sharks the fossil species be-
leng. 8o then we have no right to infer that the
teeth belong te an extraordinary sized species.
The next is Ganoids, of which I have explained
the" character from ancient strata. This drawing
represents the ene which Ihad the pleasure to “re-
store” from a single scale some years ago, and I
here exhibit the outlines of that taken from the spe-
cimen itself. You will ebserve, on comparing this
specimen with the first outline I gave, how closely it
agrees. They bave net only enameled scales,
they are rhomboidal in the same way as the
Ganoids.

You have here one of the few remnants of these
ganoids, thegar-pike of Lake Champlain—found also
inthe Southern rivers. It is provided with sharp

conical teeth, and is extremely voracious. You
can find all the peculiarities which I mentioned,
about the position of the dorsal and anal fins, in
the voracious fishes. In those which have a short
body, the dorsal fin is usually on the back and is of
s larger size. The head is proportionably shorter
and rounder. The scales of the gar-pike are so very
hard that it is utterly impossible to pierce them
with 2 nail. They are covered with the hardest

enamel. The fin likewise is protected on either
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edge with similar hard scales, which prevent the
breaking of the rays. Only & few similar fishes
"'.i'fo“d. is )\ North
his genus Lepidosteus is pecullar to Nort!
America. It is found in rivers emptying into the
Gulf of Mexico and the 8t. Lawrence. A genus is
also foand in the Nile and Senegal called the Po-
l s, which has numerous rays on the back.—

e stargeon is allied to this genus. Fossil fishes,
of which a few smooth scales are foand, differ from
them by the position of their fins and the form of
the head and teeth.

I have alluded to the peculiar structure of the
vertebrm in that genus where we have articalating
surfaces of the back-bones, rounded on the anterior,
and hollow on the posterior extremity. I have
shown you a series of vertebrs of the back-bone
from one of these fishes. Though it is from e large
mpecies, it is 8o small that you will scarcely be abie
to examine it at a distance. Ishow it to compare the
form of these vertebrm with thoseof other fishes—
the shark and codfish for example. In the form gf
their articulating surfaces they resemble those of
the crocodile.

Ihave here the vertebra of the|alligator. You
see these rounded articulating sarfaces. There is
a hollow socket in which the succeeding vertebrss
can fit, and the manner in which the two vertebra
move is like a ball-and-socket joint;—precisely
the mode of articalation in the family of the Gan-
oids. This pecaliarity is more interesting, as these
fishes are the only vertebrated animals existing at
an epoch when reptiles had not yet been called into
existence. And after the reptiles began to exist,
those types of fishes became so diminished thasg
they were almost extinct, and at the present day
we have enly a few remnants of them—in fact only
two genera.

It 1s not the place to speak of the types of those
ancient fishes, and I would only allude to some
more pecularities of the most ancient ones, to show
that they are somewhat analogous not only to rep-
tiles, but have some other con rins, These
animals, with these
curious fiat bones

hind the shoulders,
have in their furm

some rescmblunce
to tertoiscs, but uf &
small size. They
bhave also some r
semblance to cer
tain  crustaces.—
They have been

mistaken for the
former by somea and
for the latter by oth-
eors. Itisonly since
1 had an opportuni
ty of studying mi SR
nutely their struc- T
tare, and finding
some of their types N1
more fish-like in the S
structare of their
vertebral column, that I osuld ascertain that this
as well as that form belonged to the class of fishes.
The analogy is so striking that it is possible to sat-
isfy any one that this type will follow that, and
that being a true fish, we must pecessarily con-
l{dor this extraordinary form as belonging to that
olass.

At the first appearance of the class of Vertebra
they bore such a resemblance to types entirely dif-
ferent from the fishes now in existence, as to ex-
hibit a most curious phenomencn in Nature, show-

ing us how that from the beginning all types were
contemplated by the Creator, but only called into
existence gradually.

The ordinary bony fishes are divided, by the pe-
culiarities of their scales, into two Orders. First,
those with hard, rough scales, called the Ctenoids,
to which the Perch belongl. They have not only
spines on their backs, but dentations on their scales,
and bave been divided into numerous families, ac-
cording to the structure of some of the head-bones.
They are not found in general works, which :gw-.'y
be an inducement to some to study them. °

'____\ have here a predpercu-
'

lum which is dentated
dorserrated. Then the
ppercalum which is the
ext lower is wsually
dentated and provided
with spines, and two
— bther bones below the
- serraturss. That is
the character of the perch families. Beside that,
the perch have teeth in the urnper and lower Jn."
and upon the palatal bones inside the mouth, as
well as the bones of the skull. It is a most extra-
ordinary fact that the bone which is known by
anatomists to form the division of the nose in higher
animals, called the womer, rests upon the bones of
the skull in fishes which have no sach deep cavities
in the nose. The vomer forms part of the palate
in the perch family, and is covered with teeth.
Another family allied to this, the Bparoids, to
which the “sheep-head” belongs, differ in having
no serratures alung the edge of the predperculom.

ges,m
but the operculum husj
spines, the back fin hns
spines, and the scalcs nre
rough. The Scicuoids BE

to which the wenk fish 3 =
belongs, hag the swme = ~
characteristic of the op S8 4-/
ercular bone, and no teeth on the palatal bones.
One most extraordinary family belonging to this
group is the flat fishes, for it is the only ily that
is nn?mmatricd in the vertebral column. The
two sides are not equal. The one is flat and color-
less, wbile the other is swollen and colored. In-
stead of swimming vertically, they swim flatwise,
onone side. They are distinguished by the fact
that the two eyes are on the side that is colored.
W hen young, in the egg, they are symmetrical, but
when they grow larger, and even very early, one
of the eyes turns to one side—sometimes to the
right and sometimes te the left. The eye turns
the moment the fish begins to grow. That side
which is exposed to the action of light is the only
one ocolored. Though these fishes have soft rays,
they bave radiated, serrated scales, thereby mak-
ing an exception to the general rule that there is
correspondence between the bardness of the
s and the structure of the scales. The flat
es form an exception to the whole type of ver-
tebrated animals, in their want of symmetry. The
name of the family is Pleuronectes.
'l‘h:h fishes m‘t: smooth l«:lnlu :.;e morebnumo-
rous than any other types, and are the type beloag-
ing to our day. Bome have had rays upon their
backs. The MacRerel are of this class. In them
we find the following pecaliarity: Let this be the

A\

a
ra
fisl
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: we have here hard rays in the same manner.
erch. Namerous branches arise and even
. rays. According to the rule I gave, this
fish should have smooth scales. On the contrary
it has serrated scales, but only on some parts of the
body—the other portion is covered with smooth
scales. It is, in fact, an intermediate type between
the herring and the otenoids.

The family of the herring, of trout and of codfish,
all bave the same scales and soft rays. The family
-of Codfish is distinguished by having numerous di-
vided etimes three dorsal and two anal
fins, all of them with soft rays and smooth scales.—
The family of Eels bas the fia continunous with the

body.

T{en we have the families of Herring and of Buek-
-ers, which differ in the following manner. Inthe fam-
ily of herrings the body is provided with a single

b

whole class of Fishes. I will show a specimen con-
taining three fossil fishes. The scales in the fossil
fishes are precisely the same as in the living gar.
pike. The specimen is from this country—one from
the collection of Mr. Redfield.

Reptiles.—

I have now to introduce the class of
‘They are animals very dissimilar in their structure
and appearance. At first one can scarcely under-

stand the likeness existing between a snake and &
turtle. Their skeletons in their external form are
80 totally ditferent that & common characteristic is
by no means easy to perceive. It seems almost
impossible that” such heterogenous animals as
frogs, snakes, lizards and tortoises should belong
4o one natural djvision ; nevertheless the class of
reptiles is the most natural group of the Animal
Kingdom. The extreme differences we notice be-
tween the groups just named, disappbar more and
‘more when we examine the distinct types of those
animals which lived in former epochs and are now
extinct. We have now some animals which. by
their form, stand intermediate betwden lizards, or
crocodiles, and tortoi ‘We have other forms
even intermediate between the snakes and liz-
ards. The common snake has no feet; numerous
ribs extend the whole length of the body. The
numerous vertebrs have each a pair of ribs, and
the structure is 8o uniform that in & transverse sec-
tion in any region of the body, we see precisely
the same arrangement of the bones and soft parts.
Bome lizards, like snakes, have no feet. In some

. there begin to appear on the sides and underneath

the abdominal cavity rudimentary feet, or ribs, at
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the extremities of which there is a hook. First
we observe these enlarged—then there are two
fingers—then some rudimentary feet on the sides
of the head with one, two, and afterward three
toes, until wo have the common form of feet with
five distinct fingers. All possible intermediate
states between the existence of feet and the com-
plete want of them is known among the living rep-
tiles—snakes and lizards. The length and propor-
tion of the body vary. Bome ars of extraordi-
nary length; in others,in which tbe body isshorter,
the tail is more separate from the body and forms &
long, tail-like appendage. . . .
'lgher- is no longer any difficulty in tracing this
form in that of the turtle, in which the body is broad,
flat, gith very short tail and neck. Here we have
a type where the tail is very long and very similar
to a snake’s body, and here we have feet of con-
siderable size. .
Again, in the frog the legs are of extraordinary
length, being in many instances longer than the
body. The medial region is broad, flat and short
as in turtles, so that the external form, where we
trace all intermediate forms, should mo longer be an
jection to the wnion of all these ani in one
p. Butinthe intermediate forms we have pos-
itive characters by which they all agree and there-
fore must be classed together. .
These characters are—tirst : the structure of the
heart. In this injected heart of a turtle you see
two red cavities in which the blood comes from the
langs, and this black cavity from which the blood
is forced into the lungs aud other parts of the body.
The heart of reptiles is divided into three cavities
B gLet that be the veatricle
art proper: from the
es arises a large
vessel proceedingin-
to the body of the amimal
Mand also sending two ves
sels to the lungs. A large
gtrunk arises from this cav-

L:
o

¢ sending bravches to
r.;.‘pirntury Organs.
The main trunk, which
ries the blood into the
divides into nu

g . supplying the head, anterior
extremilivs and slimentary organs, and also the
viscera in the posterior extremity. That blood
returns and entgrs one of the auricles, while the
blood which goes to the lungs will enter this
other auricle, so that the blood from the body
is mingled in the common ventricle. Thus we have,
going to the body, blood of & mixed nature. That
which has become blood and has lost its vital prop-
erties by being wsed in the body, returns to one
of the auricles; and the bloed which has become
oxygenated in the lungs comes bacl the other
auricle. The venous and arterial blood then empty
into this common cavity, the ventricle, and are forced
thence into the body, as well as the respiratory or-
gans. Buch a circulation is that which 1s fonnd in
all cold-blooded animals.

In the higher mnimals the blood which comes
from the body into this cavity passes into that, and
does mot unite with the arterial blood, but is forced
into therespiratory organs by a vessel distinot from
that, and from the lungs comes T
back into this cavity, and from
this into that, so that the blood
coming from the body nod res
piratory orgnus never mingle
This is & double cironlation p
culiarto warm-bloode

Reptiles are cold bl }
temperature of the blood never|
rising higher than that of the®
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SUrroun: atmosphere. Their temperature sinks
with thfthgf the atmosphere, and when it is very
low the animal becomes torpid and remains
s0o during the cold season. Turtles, snakes, liz-
ards and frogs sink into this state during the Win-
ter, and their circulation is very much ished.
All reptiles breathe with lungs, which are of &
very pecaliar appearance. I have here the lung
of the snapping-turtle—it is sponge-like and full of
large air-cells. The air enters into tubes or
air-pipes, which unite in one tube opening into the
S month and communicating with

W tho nose. Here is the lung of an-
sther reptile, the bos-constrictor,

Mlinto larger cells. These twe rep-
« " tiles have such organs of respira-
Jtion. We have seen in es
only a rudiment of a lung—the
: air-bludder. Here we have the
lung of a reptile, into which the air is constantly
introduced, moving in and out as often as the
animal requires air: but the inspiration is mot
so frequent as in warm-blooded animals, and the
uantity of oxygen oonsumed is much less.—
hese two characters are sufficient to distinguish
reptiles from all other animals, and to show that
notwithstanding their extraordinary diversity o
form, they are & very natural class in their
structure.

‘Without entering into any more anatomical de-
tails, I would mention some peculiarities of the
different organs.

Reptiles have been divided into four orders—
Turtles, Lizards, Snakes and Frogs. The first are
named from the Greek Chelonias, the second Sawri-
ans, the third idians, and thefourth Batrackians.
These terms simply signify the same as the som-
mon name, and are only used fer the stke of & com-
mon understanding in different languages. The
ocommon name is just o8 ;
times create mistakes. Forinstance:hereisa fish
called the gar-pike, which has a namesakejbelong-
ing to a different family. Boit isnecessary to have

entific terms derived gjither from the Greek or
Latin—for scientific men of different nations speak
different tongues, and it is essential to a thorough
stady or knowledge of the different types of the
Animal Kingdom that there should be a fixed
Classification, as the names in common use ameng
us would necessarily chamge with different

lmﬂqu.
e order of Chelenians is peculiar from the singu-
lar form of the body. The common turtle is covered
with large flat cnirass-shaped scales, both above and
below. These scules rest immediately upon the
bones. The question is, what mre these bones?7—
i . Turtles have been
cousidered as  ani-
" muls of a peculiar or-
der, sonstracted ona
different plan from
other animals,in hav-
ing their skeleton
loutside, and having
bones snalagous to
“no other animals.—
"1“ it it is easy in com-
A

f paring to find what

the broad. flat bones
: . Here we have
the indication quite
i the whole

, only it would some- | o
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In all marine animals the ribs do not enlarge the
whole length but are only united near the back—
bone. The large, broad disc is nothing but & se-
ries of ribs, and when looking internally they pre-
sent precisely the same reliations to the central
back-bone asin common vertebrated animals.

In the philosophical comparison of animals the
mere disc is not sufficient, but will lead to frequent
mistakes. On the anterior portion of the animal
we have a similar series of bones something analo-
gous to those of the crocodile. The anterior ex-
tremities of the ribs unite in & series of middle
bones, called sternal bones. The lower cuirass of
the turtle is nothing but & series of those bones
formed in the same manner as ribs. The whole
middle region of the body is thus immovable be-
tween them. There is no possible mation of the
ribs or sternum. Insome turtles omly the ante-
rior and posterior portions are movable, and the
animal has & head of mostextraordinary form.
Here is & bead of & largo green-turtle. From
the cavities in it one might suppose the animal bad-
a large brain—but it is not s0. Here is a little bole
through which the spinal marrow passes. These
large covered cavities areonly to protect the large
muscles which movethelowerjaw. Bothatwehave
& covering formed by the skullto protect the
muscles which move the lowerjaw. The head is
large, but the space for the brain small. 8o in rep-
tiles, the brain is not very large, and we have in
this class the samerelative position of the different
parts of the brain. The little quantity of brain re-
mains uncovered by the amterior lobe. The only
in the form of

e brain is thatthe an-

lobe of the brain
is larger than the other,
ut the posterior part is

still uncovered by it. )

These turtles form & natural group. They did
not exiss very anciently—we do not find them
beyond the oolite period, but we find the next
er, the Baurians, at an earlier age, immediately
after the coal era. The question arises, Are the
saurians, which are found below the oolite and
above the coal, real lizards? They have been so
considered, but I think the anal with lizards-
has been exaggerated. In fact all tho reptiles
found in the strata below the chalk have a pecu-
liarity which the actual lizard has not:—the teeth
are inserted in cavities. Lizards have teeth united
with their jaws, but these ancient saurians have
teeth inserted by a long root into a cavity ; and we
have the same structure in the crocodile; so_that
the analogy between the crocodile and lizard
which was censidered so nmatural and close, is, I
think, rather exaggerated. I comsider crocodiles
as one remnant of those ancient types of large liz-
ards having, like reptiles, teeth 1nserted in the
hollow cavities of the jaw. You see in this head
of an alligator the character of their teeth very
lainly. Most of them have fallen out, but in the
lew remaining you see a long root projecting above
these cavities. Among lizards we have teeth
which unite with the head and there are never any
such cavities for their reception. These reptiles
should be called Rhizodonis—having teeth with
roots.
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per jaw, amd when the jaw is closed they wnite
in such a manner that only the teeth of the upper
jaw are seen outsideof the lower. In thec ile
fropor you have the teeth closing in a dif-
erent manner, crossing eash other, so that on
a side view yeou see two sets of 086
of the lower jaw coming outside those of the
upper. It is a fact for which we camnot account
that all the crocodiles of the Old World have teeth
varying in this manner from the alligators of this
continent. There is ome species, however, in the
‘W est Indies constracted on the plan of the Eastern
crocodile.

With “this we have to combine fossil
reptiles, of which portions only are known.—
'l'be‘y have been described chiefly by Conybeare,
Prof. Owen, and other British Na! ists. Itisin
the oolitic series of Great Britain that they are
mostly found. They are traly gigantic, some of
them exceeding in size the largest terrestrial mam
malis. Only parts have been restored. They are
described under the name of Plesi %s and
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other side, are usually
triangular, and that is the
peculiarity of the genus
Mososaurus.

It is by this simple pro.
cess of eomparison that
the characters may be determived, and if any one
will investigate all the relations between such
bones and skeletons of a reptile, he will himsell
be able to restore the entire muimal, giving the
whole outline with great accuracy. _

The number of fossil bones coming to light every
year is so great that there is a greater field of in-
vestigation then there are students to enter it,
which should be an indacement for many more to
begin such studies. In this country, fossil bones
have been studied but very imperfectly. The
Mastodon has been discovered here, and I have ne
doubt there are as many bones remaining unde-
scribed as there were several years ago in many
countries of Europe, go there is ample room for in-

Ichthyosaurus.
I will only allude to amother of these types, of
which I have some fragments, the precious gift of
- - Torrey. Here is a
gmont of & teoth, por-
ilition of the jaw, and some

- - radimentary teeth coming
insideways. These teeth are larger than any of
those in the jaw of the'living crocodile. You see
the portion of the tooth is larger than the whole of
the other. Therefore we are allowed to infer that
this animal was much larger than any of the largest
alligators of this country. This would be one
of those large reptiles. It belongs to the genus
Mosesaurus, found in the cretacious strata of Eu-
rope. The pecaliarity of the teeth is this: Let that
be a ion ef the jaw.
Here is a large cavity for
the teeth, which are gone.
Here is a root of a tooth

7S s
o —
is wmited with the bone so that it is not fully sepa-
rated from the bone; bat that it was, at the time
pywhen the tooth was formed, we see by
S the fact that so much of the tooth is
S preservod. Back of this there are
the small teeth comiug out whose pe-
culiarity is to take that form. They
fiheve two sharp edges. This is « trans-
Miverse section. The vertebrms are of
copsiderable size. Hereyou have one of the back-
bones. The appendl‘gu aboveand below arebroken.
The back-bone of the fossil is twice as large as
that of the largestorocodile. How can this be as-
certained tobe a reptile? It is easy. Youhave these
hollow surfaces. 8o this simple bone can be referred
to the class of reptiles simply by the character of the
articulating sarfaces of the vertebra. That itis a
reptile and not s fish is ascertained by the fact that
the appendages were united to the vertebrm, as is
seen by these fractures. We may ascertain to
what genus it belongs bythe peculiar form of the
joints of the vertebrm, which [as seen in the next
dl:an] are obtusely triangular. The articulating
surfaces, though concave onone and convex on the

vestigati Owing to the before-mentiened pecu-
liarities in the structure of the crocodile—the form
of the teeth and modifications in the vertebra—
those ancient types should form s peculiar erder by
themselves.

The order of lizards, so numerous in our day, is
of little geological interest, because so few fossils
have been found to compare with existing types.

The next order is Ophkidians. Having shown
how gradually this order passes imto that of lis-
ards by the formation of the feet, the inquiry arises,
By what are snakes dilﬁng‘il‘ed from lizards?
for there are lizards without feet, and snakes have
rudiments of feet. In lizards the lower jaw is
movable im its articulation om the temporal bone,
and can only move up and down. Inthe snakethe
same motion is possible, bat the two jaws in front
can also move sideways, so that the jaw can be
separated considerably, and thus the mouth ean be
enlarged indefinitely. This is the reason why
snakes can swallow animals of a larger diameter
than their own body. Nt only is their mouth em-
larged in that manner, but the posterior articula-
tion of the jaw with the head is such, that the jaw
can slide on the side ef the head, and thus enlarge
in that direction. The temporal bone is detached
from the skin, and forms the joint of the lower jaw,
which joint is movable right and left, allowing the
soake to distend its mouth enormously. But the
upper jaw is also movable, and in some, as in ven-
omous serpents, there are movable teeth, uniting
withthe sac containing the poison which they in-
Jject through the tube of the tooth into the wound
made by the bite of the reptile.

Bnakes have existed in former times. Prof. Owen
has ascertained that in the London clay, fossils are
found allied to the boa-constrictor, as early as the
deposition of the most ancient tertiary bodies.

The last family is the Bazrachians, which is so
interesting in its geological bearings, and also
anatomically frem the extensive metamorphoses it
undergoes, that I beg leavo to pass by the class of
birds which is so well understood and is of less
interest, and take up the order of Batrachians for
the next Lecture.
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LECTURE XI¥

Prof§Agassiz’s” Lesercts.

Examination of the Order of Batrashians—Their Metamorphoses the Koy to a proper Classification of Animals
inthe Scale of Being...The importance of this key or principle nevar as yet known and applied....Fossil Batra-

obians illustrate this
;f flight ia Birds....Peculisrit

ringiple....Birds and Mammalia—Difference {n their respirstion....Cause
in the Toes of Birds—A Cliee to the Discoveries of Ancieat Farms b,

of the powsr
their

'Ootprints....Pres’t Hitchcock’s dim'%:gilh inion sustained...Diversities in the class of Mammalia....

Whales as order of Mammalia—Foumsil

'be Hydrarchos... Herbivorous avd Carnivorous Animals—Dif-

ference iu their alimentary organs....The toetWof Redentia—The jaw of the B‘dof‘rﬁ ... Motions of the jaw in sni-
the

mals—Teeth of the Barbaro:
—The Ruminantia—The

Lapizs asp GestLEMEN: In the examination
-of the class of Reptiles, we have already gonme
throagh four orders—viz : that of Rhszodonis, con-
taining those gigantic fossil extinct types and the
mow livi; ]

Crocodile; d, the Chel or
Turtles; third, the Saurians or Lixards ; and fourth,
the Ophidians or Bnskes.

We have to-night to examine the erder of Ba- |.
$rachians

. These animals are very numerous, and
of & singular character, ewing to their mode of
owth.  They differ from the other reptiles in
is~—that their body is naked, without scales, and
the skin is soft. But what is the most striking
feature in their character, is that thoy undergo a
series of changes during their life after they are
hatched. The young batrachians all have & long
tail, like lizards ; even frogs and toads, when young,
‘have this appendage.

The order of Batrachians contains Frogs, Toads,
Balemanders, aud many otber animals allied to
Balamanders. There is an extraordinary difference
in their external form, though all agree in this, that
sfter they have escaped from the ogg they have a
long tail ciroumseribed by a fin, and in their early
stage they have no feet. Boon after they are
hatched, the feet bogin to appear, and in some the
tail disappears, and they assume the short, com-
pact formof the frog and toad—while others retain
their tail. Again, when young they all respire
thmtgh gills, which some lose, in later life, and
breathe through lungs like other reptiles.

In these few facts we have a most important in-
dication of the value of character throughout the
great division of the vertebrated animals. If my
object wax not to illustrate the principles of Zo-
ology, I would enter into more details in the ex-
amination of the different species and their exter-
nal characteristics ; but these can be learned from
books. In these facts of the structure and charac-
teristics of the Batrachians, we have illustrated
some fundamental principles of classification—and,
in fact, & new principle which I ider as most

important for that object. Animals have usually.

been classified by the difference in their structure,
which principle is perfectly correct; but the diff-
eculty is to ascertain by a knowledge of their struc-
‘ture which combina of organs—which strac-
tare—belongs to the higher and which to the lower
order. We have had no test for ascertaining this.
The good opinion men have of their own superiority
over the rest of the animal creation, has induced zo-
olog'nl to consider those animals more nearly allied
to Man to be the higher order, and those that differ
more widely from this type to belong to the lower
orders. Rut the actual scale by which we measure
the degree in the gradation of animals is found only
in thelr metamorphoses; and unhappily this test
has not been introduced into our classification as it
should have been. The facts we know already in
relation to the structare of Batrachiaas and their
metamorphoses are sufficient to give & perfect key
4o the classification of the two lower olasses of ver-

ons. . astodon of receat date
idelphides—Tho Carnivera—Sesls

uses. ...The Pachydermata....Remains of a species Elephant in Frozen regions
with the flash preserved....Sudden changs of climate in th &' Meﬂﬁ us....The

i he Rodentia—The Bingular character of the
nivora proper,...The Quadrumana—Difference between a man and monk;

: Car-
ey.

tebrated animals and the succession of any order
even with the most minate details.

In this diagram I will sketch not aay one perti-
cular animal, but the g 1 outline of & greup.
When the young batrachian escapes from the egg
the goneni outline is eloagated, with a tail, but

without legs. Boon legs will begin to be formed—

and we then have the form of a Salamander. Then
the legs will increase in size and the tail will dis-
appear—and we will have the form of the frog and
toad. In the beginning there are oxternal append-
ages for respiration—the gills. These disappear
entirely in the salamanders, and toads, and
remain permanent in the others. The earlier stages

in the growth of the animal will be considered to be
anglogous toths lower grados of animals—and
in the full-grown state, to the higher. Let us see
what are the relations of these to other vertebrated
animals. Is it among birds and mammalia that we
find an analogy to these animals? Certainly not.
It is among the fishes we have & similar structure.
Therefore we shall consider fishes as lower than
those regtile- which begin with the charucteristicx
seen in fishes, and progress to a higher develop-
ment. Here is evidently a test by which wo know
that the class of flshes should stand lower than rep-
tiles, which, otherwlse, might be doubted. The fact
that some respire by gills, is not of itself sufficient
evidence that they stand lower or higher. Thers
are some reptiles that breathe by gills their whole
life. The fact of the fish-like forms in the yeung
batrachian is suficiently indicative of the position
which fishes should eccupy with reference to rep-
tiles and other vertebrated animals.
Let us again examine the different families in the
order of Batrachians. We have some families in
which the form is thas:
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First external gills, and, having lost them, & very
minute fin appears, and afterward ill-shaped, im-
perfect feet. Then in some, whose body is larger,
we will find the fingers more complete and the legs
more developed, and larger and ‘more complicated

feet. In others the tail will gradually shorten, and
the fin circamscribing it wi disappear.
The gills at length will disappear, and the legs at-
tain such a size as to become the main organs of
locomotion.

Here, then, we have—in such a series and grada-
tion of forms, and in such a relation between these
forms and the changes which the frog undergoes—
the actual indication of the order of classification in
the arrangement of all the families. And wher-
ever Embryology—the knowledge of the changes in
the young animal—has taught us the successive
forms, we may have in these changes important
hints a8 to the classification of types. Therefore I
think the principle of metamorphosis, as & founda-
tion for classifieation, is the best and most ltﬂkil;g
guide a zoologist can take. But, as I have said,
this rnrinciple bas been very imperfectly understood,
and in fact never applied as one upon which classi-
fication in general could rest.

There are several fossil Batrachians, and what is

ain interesting, is that the larger ones and those
which have appeared earlier, belong to the older
tertiary strata. Itisin the more recent tertiary
beds we find those which show a closer affinity
with frogs or tailless batrachians.

I will not enter into farther details. My object
in speaking of the Batrachians was to illustrate the
principle of classification, derived from a knowledge
of the metamorphoses in any portion of the Animal
Kingdom. In another Lecture I shall show that
this principle will be of direct application in the or-
der of succession of the different types of the Ani-

+ mal Kingdom. Though we have not investigated

all classes, there are sufficient facts obtained to
show, even now, that this is a fundamental prinei-
ple upon which classification can rest, and that this
same principle is the one in the order of succession
of types in all geological ages. (Applause.)

The next class is Birds, and next the Mamma-
lia. These two classes have certain characteristics
in common, of which I will first speak. They are
both warm-blooded animals, and they both breathe
with lungs. Birds, as well as Mammalia, have
large air-sacs called lungs, which open externally
through the mouth as well as the nostrils, in the
same manner as reptiles; but there is this fanda-
mental difference between reptiles and birds and
mammalia. The latter two classes are warm-
blooded. The difference in temperature is un-
doubtedlg owing to the greater amount of oxygen
consumed in respiration. i

Mammalia and birds agree again in the large
size of their brain in proportion to the bodg Itis
so much greater than in reptiles as to be quite
striking. In paring, for i the brain of
the sparrow with that of the largest ses-turtle, that
of the sparrow is found to be about half the size of
that of the turtle. The difference in proportion to
the size of the two classes is as 100 to 1.

The peculiar characteristics of the class of Birds
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are that the aaterior and extremities are
entirely dissimilar. The former are wings—the
latter legs. Nevertheless the structure of the
wings and legs in birds is precisely the same—the
bones exactly correspond, and the true difference
is owing to their mn?ment. The large thigh-
bone, uniting with the back-bone, corresponds te
the shoulder. The thigh-bone corresponds to the
h the leg proper corresponding to the fore-
arm—then the foot and fingers correspond to the
hand. These parts are covered with feathers, and
the difference which is obvious in the bones entire-
ly disappears in the external limbs. This an

in the anterior and poaterior extremities can

traced throughout the great type of the vertebrated
animals. The short ers on the foot of the bat,
correspond precisely to the long fingers of its hand,

even to their arrangement and number of benes,
and the difference is only in the manner in which
they unite tegether by membranes.

There is no class among vertebrated: animals se
uniform as birds. What I have said applies to the

whole class—they differ only in
the shape and form of the bill
und the fingers, and im the pro-
portion of their bodies. In the
parrot, which is widely differ-
‘ot from the ostrich, you will
fiud the same neck and back
bones, the same arrangement
of the wings and even the same
yamber of articulations in the
toes.
In their respiration, they differ
rom Mammalia. Birds, inorder to fly, must necessa-
arily be very light. To obtain this, they are provided
with a large air sne, extending from the langs into
the abdominal cavity, and even into the bones. The
bones of the arm in birds are hollow, communicat-
ing with the air-sacs of the lungs. The resson why
a bird falls when its winf is broken, is because the
air within the cavity no longer resists the pressure
of the chest. If you sever the bone of the wing,
you will hear the air whistling through the brokem
bone. It is owing to this ar-
rangement that the specifie
weight of birds isso much di-
minished, and they are ena-
Jbled to soar through the air
iwith such ease.
" Ouwly afew birds are de-
S (R prived if this faculty—such
SR as the oatrich. Inthis the ster-
nal bone is quite flat and withou! e
the peculiar projection which is
bseen in other birds, to which th:
large 1 are attached thuif
move the wings. I will draw »
transverse section of the breast Lo
the ostrich. T
surface is entirely fla1 -
and here is the cavi E
y forthe lungs—hereare the ribs and
ere the breast-bone entirely flat. Im
otherbirds there is the same nrrange-
ment of the ribs and breast-borie, nnd t!
ridge rising from the middle. nud
it are attached the broad musc
which move the wing. Thesc s
cles are well known as the whit:|
meat of the fowl. There it o con
stant proportion in the extent ol
this bone and the power of flizhifit
in all birds. I will enter a littl

rois n larga

farther into details. Let this dingram represent



he backbone and ribs attached to it.

A There are additional bones not found

in other birds, passing from ome rib

another, reventingbtho compres-

ion of the chest, which would othes

wise modify the respiration, by di-
minishing the quantity of air inspired.

I have mentioned that the fingers, or rather the
toes, were similar in all birds. I will pursae this
point, as it is the only one upon which birds have
acquired a geological interest. Many years age
Pres. Hitchoock of Amherst College discovered cu-
rious tracks upon certain rocks in the Connesticut
Valley. He examined these imptessions and pub-
lished some diagrams of them, maimtaining that
they were the footprints of birds. 1 believe this
aggertion was received with as mauch incredulity
in this country as in Europe. He has for years
been struggling against o position in reference to
his assertion. To himself, as well as to a fow in-
dividals who had confidencein the fixity of the
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Animal Creation only by these slight evidences.—
(A’F lause.)

e last class of vertebrated animals of whieh I
have to speak, is the Mammalia. It is a elass
in which the types are almost as diverse as in rep-
tiles. We have, in this class, animals provided
with fins, others with feet, and others with wings.
There are some which have external horns of large
size, some with smooth skin, and others covered
with hair. Though their external appearance is
extremely different, they all agree in this respeot:
they have warm blood, like birds. Baut they have
no air-sac extendindg into other cavities of the bedy.
The breast is divided by a large &sm:ion called

the ditphngn. which separates the respiratol
::l:z. from that in which the otber viscera are oo:’
Birds lay eggs, while the Mammalia bring forth
living young. It is wpon this mest important
difference in their character that the redinion of so
many animals so widely different has been deter-
ined. For example, the Whales as well as bats

laws of Natare, the evid was factory. At
length bis views have been fully borne out. Itcan
be proved with as much certainty that birds have
existed as early as the deposition of the new red
sandstone, as if we saw them—though only the
tracks remain, like those left oo & sandy beach.—
These tracks were made long before Man was
created, and the evidence is beyond the slightest
doubt, (Applacse.)

The evidence is this. The toes of birds are
always two,three or four in number, When there nre
four there is one behind corresponding to the thumb.
Let this represent the foot.—

| a the posterior linger there
is one bony articulation and ofS
najl—in the first finger, twof
bony articalations and = nail
—in the second, three articu
lations and a nuil-joint—ar
in the third, four articulations]
and a nail-joint. There is notl
another animal in which theis
number of articalations is such as in birds. Here
wehave ouly three fingers. The first bas three, the
second four, and the third fve

including the nail-joint.—§g
In the only bird which hasj§
two fingers, the African

ostrich, the first inger has four
and the second five jolots—
Now inthe new red sandsto
of the Connecticut Valley,
impressions left show plainly g
the joints of thetoes and num S5

ber of articulations, which cor-§
respond precisely to the fore-i§
going arrangement. This is satislactory evidence
to every anatomist that the impressions were from
birds only. I do not maintain by this that President
Hitchcock has shown that they were all birds’
tracks. There were also impressions of other
animals whose tracks do not ee with those of
the birds. But there are tracks of birds running over
wet sand, that have been preserved by s deposit
of mud upon it, which is enough to prove conclu-
sively to the mind of the geologist the existence of
snimals—though there are no remains at all. These
results are satisfactory, because they promise more
information ooncomin¥ the true history of geological
succession on the surface of the globe. Bince the
ripple-marks of the ebbing tide, and the slightest
impressions of the feet of animals can berecognized,
we have evidence that the time will come when
we shall know all that has transpired on the sur-
face of the oarth, at & period when Man did not
exist, and we can réconstruct the form of the whole

bring forth living young and nourish them with
milk. The similarity of their general structure is
closer than would appear—owing te this peeuliari-
ty. The internal structure of the whales is the
same as the higher Mammalia, and though they
have been considered as fishes they have no affini-
ty, butonly an external analogy to that class. The
whales are really much more allied to Man than to
m%:f the fish tribe. .

e distinction between logy and affinity is,
that the former indicates only an external similar-
ity ; but the moment we investigate the internal
structare of the whale we find such a striking re-
semblance to the Mammalia that we call it affinity.
8o then whales are mllogou with fishes, but are
truly Mammalia. Even this analogy wtih fishes is
much less than it might appear. They have
fins, but for a different use from es.
fishes the large fin at the end of the tail is placed
perpendicularly, and cleaves the water from right
%0 left, producing & forward motion only—while in
whales this fin is rlu:ed horizontally, and its motion
causes the animal torise orsink at will. And this
arrangement facilitates their respiration, for they
eannot breathe except in the atmosphere. Fishes
can rise and sink, but only slowly,on account of the
perpendicular position of the tail; but whales can
rise rapidly to the surface to breathe the atmos-

pheric nir.

’ This is theskull
i a dolphin, one
i[the whuletribe.
[t is widely dif
lerent from the

sof fishes and
i provided with
uniform teeth. The whales are, however, the
lowest order of Mammalia, as is indieated by the
structure of their other extremities. They have
anterior feet, but no posterior. They have fingers,
five in number, as in other Mammalis, but united
by a thick membrane forming e fin. The structure
of the caudal appendage, and in some of them the
existence of a dorsal fin, shows some relation to
fishes, which puts them in a lower grade, but still
their true affinity is with Mammalia.

Whales have existed in former times. Most ex-
traordinary sized fossil types are found in the South
ern parts of this country. In Alabama large speci-
mens have been discovered. which unfortunately
bave been described by an ignorant German natur-
alist as the remains of reptiles, and this discovery
of so much importance, has been lessened jn inter-
est by the unsoientific manner in which they were
desoribed. Bat lately Prof. Wyman, a young nat-




The Animal Kingdom.

¢ uralist of Boston, and Dr. @ibbs of South Carolins,
have given a scientific description, showing their
-essential structure to be that of Mammalia. And
still later, since their proper place has been assigned,
2 skull has been dilwveruf showing the peculiar
-rounded form of the poaterior part of the head, giv-
iag another evidence that the remains are those of
a species of whale, and notthose of a reptile called
the H . The existence of whales dates
‘a8 fn{uk as the cretaceous epoch,and many have
‘been found in the tertiary strata. There is a diffi-
<culty in determining the species of these fossil ce-
taseans, on account of their large size. It is much
easier to pare small imens.

The Mammalia are divided inte two other large Or-
ders beside that of whales: the Herbivora and the
Carnivora. There is a difference in those which live

on vegetables and those which devour animals for
food. The form and structure of the teeth for grind-
ing vegetable food and for cutting and devouring
living animals—as also the alimentary organs for
digestion, which require the foed to undergo a pro-
eess of assimilation—are very different in the two
Orders. The difference between the food and the
substance of the body of an herbiverous animal
and the modification it has to undergo to become
assimilated, render the digestive organs much more
complicated in the herbivorous than in the carnivor-
-eus tribe.
Again, the food of these two orders is so different
in the varieus femilies, that we find numerous far-
ther modifications in the operations by which the
food is prepared before it is swallowed. We have,
for inst: in the gnawing animals teeth entirely
dissimilar from those which act upon the surface of
he jaw. This is jaw
ol the beaver. You see
the two anterior teeth,
both in the ngper and
lower jaw. Then there
is a space deprived of
teeth, and in the pos-
terior portion of the jaw
we bave the grinders. Animals with such jaws,
and they are very numerous, are called ia.
Rats and squirrels are of this group. Rabbits and
hares have two anterior teeth in the lower jaw. and
four or five grinders on the right and left side of the
poeterior part of the npper and lower jaws. The
IR first nre called incisors
3 aud the second molars.
We find such only
among herbivorous ani-
imals, while in the car-
nivoroas we find a third
kind of teeth: In the
jaw of the tiger you
have in front the in-
sisors, and in the pos-
terior part the molars ;
but beside these, in the anterior position and on
the sides, there are four large teeth, called the

eanine toeth. They are those with which the
animal seizes and retains its prey. Inthe badger
she articulation of the lower jaw is se powerful that
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the jeaw cannot fall. There is & groove into which
:E:l enhrch e: e;d of the lower julv l:h inﬁduood,

@ upper so stron, at they are
kept in tbeii mt-u-ufe position, ui‘dyeven after the
e s‘m are removed, the jaws cannot be dis-
joine

All carnivoreus animals can make only upward
and downward motions of the jaw, with a very
slight lateral movement, while those which live
upeon grass have, beside these, a lateral motion.—
This is especially evident in ruminating animals.
All the herbivorous animals which have n compli-
oated stomach, from which the food is returned to
the mouth te be ground over again, have no canine
teeth—ouly the large molar teeth, with no incisors

3 s

in the upper jaw and five io the lower. Deers,
elks and cows are of this family, having no incis-
ors in the upper jaws, sndno cunine teeth at all
When I say no herbivorous animals have canine
teeth I suppose many have thought of the extraor-
dinary tusks of the elephant, which are placed in
the same position as canine teeth in other animals.
In this head of the Barbaroussa appear canine
teeth of extraordinary size, but you will readily
perceive the difference between these and the ca-
nine teeth of carnivorous animals. They are not
used to seize the prey. They are cnrved npward,
and are nsed for other parposes, beside being an or-
nament to the hesd. Tn this head of a boar, from
the Island of Bor Jeegy
neo—the Harba
roussa—they are

In the elephant
they become largefil
taska, correspond
ing to the canine
teeth, but are not
ased to perform
the office of cavinefg
teoth as in the Carnivora.
Among the Herbivora we will first distinguish
the large family of Pachydermata, in which the fin-
gers are covered with & hoof. The horse, the
elephant and the rhinoceros belong to this family.
They have grinding teeth of & large size. Some
bave many and some very few. The elephant, the
largest of the Mammalia, when full grown has only
four molar teeth—two in the upper and two in the
lower jaw. The young elephant has twice as ma-
ny—four in the lower and four in the upper. This _
diffarence is easily explained. The new téeth are
not formed under the
nld enes, but bebind,
ind as they grow they
move forward, first the
anterior portion of the
moth appeariog above
the bone of the jaw,
the posterior portion
i still  covered
As they
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ocome forward they displace the other teeth, the an.
terior portion successively falls I.W%nlnd the pos-
terior comes in ally. In the full-grown ani-
mal there are only four maxillary teeth in the whole
jaw and two , mi six; but these are re-
mewed constantly, so that after the second pair bas
taken the place of the first, another will be formed
behind. Bo it is not true that the fall-grown ani-
mal has only four teeth, forthere are new ones con-
stantly forming behind. They have now eight and
teeth, and when full-grown there are only

The family of Pachkyderms is highly interesting,
because it is to them we must refer many of the
gigantic terrestrial animals feund in the tertiary
strata. They are quite numerous, and it is these
which have beenfor the firsttime reconstructed and

- @3 il'nstrated 20 admirably
in the immortal works of
Cavier. We have here
muains of the Pa-
< m, an animal

d to the Tapir in
e form of its hend,
grinding and ca-

nine teeth.—This auimal,
the Anaplotherium, issim
ilar to the Palmotheri
nm—but of & slender
frame, and the body indi
cates an animal of quicke:
motion, while the forme
was more heavy and slow
The main difference is in the arrangement ol the
teeth, There is no vacant space between the in-
cisors and canine and molar teeth of the lntter, but
in the former you see the canine can cross each
other and fill the vacant spaces when the jaws are
bronsbt together. These animals have never been
found entire, but the skeleton has been drawn from
related bones. Never was even a complete head
found of & Palmotherium or Anaplotherium. They
bave been réconstructed even from much more im-
r‘erfect ents than are now contained in the

useum of Paris. The difference in the animals is
notonly in the teeth but alsoin the feet; the Ana-
plotherium hasthree fingers, the middle fingerbeing
much larger than the lateral ones, while the other
has two fingers only. The older pachydermata
found in the gypsum are not of gigantie size—the
largest is not greater than the horse, and some are
as small as an ass. But in the more recent ter-
tiary beds, other genera of this animal have been
discovered, such as the Hippopotamus, showing
the same characteristics in the canine, incisor, and
molar teeth. And notonly isolated teeth arefound,
but in the Val d’Arno, near Florence, complete
skulls have been found larger than the largest
specimens known to naturalists, and most of these
are preserved in the Museum of Paris, which con-
tains the largest and most complete collection of
fossils.

Several species of the elephant have been found
~—and what is most remarkable, they lie in the
coldest regions of Siberia and the most arctic por-
tion of this continent. The species is similar to
the Asiatic and African elephant, so that we can-
not doubt that they lived in & much warmer cli-
mate than that where they are now buried—
thereby proving extraordinary changesintempera-
ture in thoae regions, and more particularly as itis
evident that they are buried in the couuntries where
they lived. The best evidence of this is the fact
that one of these elephants was found so well pre-
served that after disinterring the body, the flesh
was actually devoured by wolves. These well-
preserved remains are numerous in the North of
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Asis. Parras, and more recently Admiral Vrengel,
when visiting the White Sea, says he had to travel
for days over remains of these fossil elephants
and rhinoceri and hippo i, gathered on the
beaches so as actually to form hills. It is in the
frozen region of Siberia that the soft parts have
been found. The hairs, skin and even the muscles
which are known to exist, show plainly that they
must have been suddenly buried after their death,
and could net have been dragged from the tropisal
regions.

There is a genus of Pachyderms, the Masiodon,
which is entirely extinct. It is sometimes called
the Mammotk, butimproperly, as that name should
be reserved for the fossil elephant ef Northern Asis.
Beveral species of the mastodon are found in this
oountry, Europe and cal America. The largest
species is common in this continent and appears to
be of recent ical date—so recent thatfew
geological mena can have taken place since
its extimction, so that it is even a question amang

eologists whether this species has not lived within

e existence of m . This is a pendant ques-
tion upon which evidence is not safficient to deter-
mine the facts. All this shows how recently such
animals inhabited this continent, and how stapend-
ous the changes that have occurred on the surface
of our globe.

Next to the Pachyderms eomes the family of
Ruminantia, of whichthe Northern Elk is one. The
horns of the elk are flat on the internal margin and
with projections on the edges. All the ruminating
animals are characterized by the want of incisors
in the upper jaw. There are two groups: those
which bave compact horns which falloff every year,
and those which have hollow horns which are per-
manert. These horns stand upon & bony projec-
tion formed of a horny substance, but different from
the emamel-like substance composing the hora of
the deer. ‘A species of very large size has been
found.

The family of Rodentia, oont:i-in'g many minute
species, among which the beaver is thelargest, have
only two wpper and two lower incisors.

One type ia the class of Mammalia has puzzled
naturalists exceedingly, being similar in one re-
spect to mammalia, and entirely dissimilar in many
others. It isthe family of Dni Iphida, containing
the kangaroo and opossum. This family has one
peculiar character: they bring forth their young in
a very imperfect state, and they are afterward intro-
duced into a large pouch under the skin, where
they remain ey can provide for themselves.—
But, pt haracter and the fact
that they have & common structure of the brain,
they difter widely—some having the structure of
the teeth like carnivorous and others like herbiv-
orous animals. Some are, in fact, carnivorous and
others herbivorous, and it is probable that & higher
consideration than that of food will prevsil to make
these a natural group. The whole family of these
Didelphides, except the genus opossum, is peculiar
to New-Holland, where also numerous fossil species
are found. The opossum is the only species whick
is a native of this part of the New World. There
are some few species in South America. In New
Holland the species are quite numerous and ex-
tremely varied in the structure of their teeth and
alimentary organs. The fact that the fossil species
are numerous also in New-Holland, shows that the
opossum has a relation to that type, as among fos-
sils in that country we find almost none but the Di-
delphides. Only one has been found in the plaster
of Paris, and no one elsewhere.

The next p is the Carnivora. In these we-
observe distinctly the cutting canine teeth and the
slender claws adapted for seizing the prey. This

till ¢
this
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characteristic is particularly atroug in the cat tribe.
The claw which terminates the toes is arched and
sbarp 80 a8 to be used as & fang.

The order of Carnivora contains families suffi-
siently different to be distinguished. We have firat
the family of Seals, which have all the structars of
Carnivora except that their fingers are united to form
fins and the posterior extremities are exceedingly
far back.

Nextthe Carnivora proper, which have the fingers
divided, the legs long and the cutting teeth most
strongly deveioped. These carnivora have been
numerous in former ages and de not differ se wide-
ly from living carnivora as fossil herbivora do from
tie corresponding living group, and when speaking
of the order of succession in the next Lecture I shali
show that the nearer we come to the actual types
which prevail upon the surface of our globe, the
less numerous are the corresponding fossils.

Another fawily is the BaZs, and 5iﬂ‘er chiefly by
the form of the anterior extremities. They have
four fingers which unite by a membrane, while the

thumb is separated and is used as = means of sus-
pending the animal in caves, and for the parpose of
crawling. During winter they suspend themselves
by their hind feet.

The laat family, the Quadrumana or Monkeys,
begin to approach s0 near to Man that Linnsus
could not find & common character to separate the
monkey from Mankind. (Lnughter.) It is singular
that the first naturalist of the past centary, the one
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to whom we owe all our princip'es of modern clas-
sification, was incapable of distinguishing by char-
scters expreased in words the true difference be-
tween some of the higher monkeys and Man, but
has even placed one speci the Chimp in
the same geous as Man, under the name of Homo-
lar. 1t is onl{hx close anatomical investigation
we can learn the difference. Now it is eany 10 um-
derstand it s0 as never to mistake a monkey for a
man again. We have two hands and two feet.—
Monkeys have four hinds. But, some will ask,
what difference is there between the hand and
foot? 1t is not merely the length of the fingers—
for the fingers of the hand of the fore-arm of some
monkeys are shorter than those of the foot. The’
difference is here: We can open and close the
thumb with each saccessive finger, which we can-
not do with our toes. (Loud applause) It is to
this eharacteriatic in the human band and foot that
Man owea his superiority over the lower creation.
The fact that we have two feet sllows us to stand
upright, and while standing to use ttose delicate
organs—the bands. Again, this upright position
enables Man to move the head freely in a!l direc-
tions. The very fact that we have not four bands,
aud that we stand upon our feet, and in that posi-
tion our hands and head are in equilibriom on our
vertebral colump, moving in all directiods, gives to
Mun all bis superiority over the Brute Creation,
both mentally and physically.

—

LECTURE XIL

The Geographical Distribution of Animals—Apimals all limited in the’r habitation—Fishes om both shores of the

Atlantic perfectly distinct—Bpecies more identical nenr the Poles, but the identity lost as they approach the
Equator....Peculiarity of the Didelphides of New-Holland....Modification of Types not caused b chmnte. oA
group of Fishes peculiar to the Indian Ocemn,...Different varieties of Men circumscribed in the Natural Boun-
daries of Animsl Groupa....The Order of Succession of Types in Geological Times—Strata of different ages
contain different species ...The results of observationsof Geologists and ZoBlogists—The Primary Rocks....Second-
ary Strata. ... Tertiary Beds....All contain differant Species....The Opinion that Animals succeed each other in
regular gradation entirely false—In view of this fact some deny all order of succession—Iilustration of the Order of

Succesaion....All the Invertabrated Clasaes and one Class of Vertebrated found inm the beginning—Illustrations of

this fact....The first types the highest in themselves....Reptiles which first existed assume
ertebrated Animals which is not found in the Invertebrated....Man the laat type intended

troe gradation in the
—No fuﬂur progreas to be expected.

LaDIzs AND GENTLEMEN: Before proceeding to
the consideration of the subject upon which I in-
tend to sposk this evening, 1 will limit myself to a
very fow remarks upon another subject, which I
would gladly have introduced before this time, if it
were not s0 extensive that I could give no notion
of it without entering into very minute details. I
mesrn the subject of the Geographical Distribution
of Animals. It is, ;)erhupn. necessary to know
something of it in order to understand fully the re-
1ation, the distribution, the structare and the erder
of saccession of types; and, as I have to intro-

duce the subject of the order of succession of

tzpel into this Lectare, I will merely mention
the general results of the recent investigations
upon the geographical distribution of animals,
without giving the facts upon which these re-
sults are founded. I beg youn toa.cept them as
resting upon investigation as accurate as any that
ean be made in the department of Natnral History.

Animais are all limited in their habitation ¢,
some particular spot on the surface of our globe.—
There are few apecies existing over the
whole extent eitherof land or water. These fow
species belong to genera in which it is very difficult
to perceive specific differencer, and it is still possi-
ble that those species which are theught to be so
widely dispersed, are ne;enheleu to be limited to

characters....A

somae particular spot, when the minute differences
shown in their characters shall have been fully as-
certained and established. Again: Bome which ap-
geu to have been originally so widely diffused
2ve been acattered over large areas under peculiar
circumatances, which are not natural to the species.
But leaving those few species out of consideration,
we can with correctness assert that all apecies
have & limited habitation, and that mankind only
are diffased over the whole extent of the surface of
the globe. There are varieties of species in the
coldest climates of the arctic regions, as well as un-
der the burning sun of the tropical zone, while there
is no animal type which is distributed ir a similar
manner to the type of Mankind, all over the earth,
The ocean, which is the most oconverient mode of
eommunication for Man, has not been an easy me-
diam for the diffusion of animals from one shore to
another. What will perhaps astonish some of my
aadience is nevertheless perfectly evident from re-
cent investigetiona;—fishes on both shores of the
Atlantic are perfectly distinct. There is not one
speciea found in the Mediterranean which occurs on
these shores: not one species occurring on the
shores of France is found south of Cape Cod; I do
not maintain that there is not one apecies in the
northern shores of Europe identical with those of
Cape Cod. The farther north we proceed, the more
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species we find identical in both Continents, from
eauses which I am now about to relate.

There is a certain extent of land in which all an-
imals in the different regions of Europe, Asia and
North Americe are found to agree. In America

oocur lower south than in Europe, where we
bave at the 70th degree of north latitude, the same
mean annual temperature of 3% degrees Fahren-
heit, as in America in latitede 50 degrees—20 de-

grees farther south.
This is the northern portion of this continemt,
9 e ¥ &, "5;, = ——.
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and the corresponding portion of the Eastern Con-

tinent. Within these boundaries [the dotted lines
in the upper part of the diagram] the animals are
identical;eeven the aquatic animals in the seas are
also identical, and extend farther south than the
land animels. For example, we have the fishes of
Baffin’s Bay extending along the sheres of Norway,
Bcotland and Ireland to a lower latitude than that
in which the identical land animals in the Asiatic
and American ice-fields are found. Indezd, we
have some of these arctic fishes coming as far
south as Cape Cod, and occasionally still farther.—
There is no identity between the main portions of
the two continents, but around the Pole there is a
region where the animals of either verge of the
continents are identical.

As soon as we go farther Bouth we find in the
ummte zones of Asia and America the animals
all me distinct from the arctic snimals and
differ among themselves, so much 30 that those
of the temperate region of Earope are distinct
from those in the same region of North America.
Btill there is & great likeness between them, so

at that the first settlers of this country gave
em the of Europ imals. You bave
the fox, the bear, the deer and the marten, which
are so many names of European animals. In fact
all the vulgar European names are applied to your
own animals. But notwithstandiog this, the ani-
mals of the two continents are only analogous, and
as specifically distinct as some allied species are
distinct among themselves. For example, two
species of foxes are found in Europe,—the common
fox, and the jackall on the shores of the Mediterra-
nean, differiog in the same manner 28 American
from European foxes, or as some in Central Ameri-
ca differ from those in this region. Thus you see
that as we recede from the cold climate of the
North we find animals gradually becoming more
and more distinct, and showing a certain analogy
which is very striking among certain types, though
less soin others. [ may go so far as to say that
the genera are the same, though species differ.

As soon as wae reach the tropicalregions wehave
not even an analogy between the geuera. Animals
of Tropical America and Tropical Africa and South-
era Asia differ materially. We bave no such ge-
nera as the hippopotamus, rhinoceros and elephant
in Central America, nor do the tapir and llamaex-
istin Africa. There is only the camel correspond-
ing to the llama in Tropical America. All those in
the tropical regions of that world have no analo-
gous types in Central America.

As we recede to the temperate regions of the
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South, we return to & greater similerity of types..
In the southern extremity of America we retarn,
as it were, to the in the Arctic regions. Bus
the southern point of Africais peculiar and distinct
in its animals. and the Continent of New-Hollaad is
so0 exceedingly different from everything else that
there is a combination ef animals having no an

with any other groups in any other spot on
globe. And indeed what is still more curious, is
that the didelphides found in all parts of New-Hol-
land oocur often in New-@uines, in those warmest
portions of New Holland, and also in the temperate
regions, so that we have here & most striking evi-
dence that there modifications of types are not ow-
ing to temperature, but that they are regulated by
a higher design, one which escapes our observation,
unlesa we refer it to the primitive Law of all exist-
ence.

I would not go beyond these few remarks, onl:
to mention that even in the Pacific there are simi-
lar laws of distribution ; and animals in the northern.
portion are identical with those on the Asiatie and
American shores—while in the temperate and trop-
ical portion there is no anslogy at all

Some marine groups of animals are circamscribed
in narrow limits, though they are at liberty to swim
in all direetions. There is & group of fishes com-
mon in the Indian Ocean, very little known in this -
pert of the world, and not represented either in
America. Europe or Africa, but confined sbout the
large islands between New-Holland and India Pro-
per. In this little group of islands there is & family
of fishes circumscribed and not extending into the
Pacific, nor even all over the Indian Ocean.

This shows again how limited some types can be,
notwithstanding the power they possess of travel-
ing about in all directions. Far from considering
this power of locomotion & reason for the spreading
of animals, I think it is only a cause for their keep-
ing within definite boundaries. Being at liberty to
change their location they will keep within the
most congenial boundaries, and not be scattered at
random. That the eggs of fishes can be carried by
currents is true, but we do not find that this in-
fluence causes the fishes to be so diffased ; bat, on
the contrary, they remain within what appear to be
their original boundaries. In fact, we can come to
no other conclusion than that they have originated
where they exist.

We have another fact connected with this
which is highly interesting, and perhaps will
throw some additional light upon the origin of
Mankind. The different varieties of men are cir-
cumscribed in boundaries similar to those occupied
by natural groups of animals. In other words, the
different races of men cover the nataral boundaries
of the definite associations in the Animal King-
'dom.

But, without going into details in this investige-
tion, I will proceed to elucidate the subject of the
Order of Succession of T'ypes in Geslogical epocks.

It was necessary to show that all animais are
limited to certain natural boundaries, which ap-
pear to have been their original location, in order
to show the importance of a knowledge of the char-
acteristics of fossil animals. Ifit was not the fact
that all fossil avimals of New-Holland are identi-
cal in type with those now living in the same lo-
cality, and that the fossil types of 8outh America
agree precisely in type, though not in species,
with those now living in Brazil, 1 would long since
have left the subject.

The subject of the order of suceession of typesin
geological epochs, is one which has been consid-
ered by geologists in & different point of view from.
that in which I shall now consider it. Perhaps it
is proper for me to make a few remarks upon.
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“the value of investigations made under different

views.

Geologists have for a long time known that fos-
sils in different stbata are not the same. All the
species that have been found have for the most part
been fully described, figured, and well compared
with liviug animals. It has been shown that strata
of different ages contain no identical species.—
Nevertheless all I have now to say has been men-
tioned in works in which these facts are related.—
@eologists have considered fossils by themselves—
as medals by which they can ascertain the ages of
geological strata. They have, in fact, been enabled
b{ these fossils to find out whether certain strata
of rocks are older than others. What I have found
on investigating the same subject, has been, that
the order of that ion corresponds precisely
with the gradation of types of animals when clas-
sified according to their structure. Zoologistshave
done an extensive work, in connection with anato-
mists, in investigating the structure of animals, and
from their external characters they bave worked
out a classification more or less natural, and a
methodical distribution of them, forming s com-
plete Zodlogicel system. These series of investi-
gzionl have been traced for half a centary since

first researches of Cavier, and his classification
according to structure.

Here, then, we have two series of independent
obaervations ;—first, those of geologiats, ascertain-
ing that in different successive strata there are fos-
sile of different kinds and species which do mot oc-

-cur in other series of strata above or below ; and,

seoond, the classification derived from the structure
of animals.

‘What I can add is this ;—to show that these two
series of phenomena cover each other :—that you
may read the order of succession with & certain in-
telligence. and you will find that the classification
aocording to successiom agrees precisely with the
classification made according to the structure of
animals.

In order to make this evident, let me mention a
few geological facts. The whole series of strata

forming the crust of oar globe, not_to include those
which contain no fossils, can be divided into a se-
ries of layers, each of which contains certain fossils.

The lowest strata. for in-
stance, the limestone, so
extensive over the northern
and western parts of this
Btate, belong to the oldes! .
formation deposited during the existence of animal

2 Jlife. There we discover
he oldest animals. Above

Pass

rocks which are allied to
thiem, containing coal—stra-
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parts of the Middle States and in the West.
oldest strata of coal I
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-of primary rocks.
we have a series, not ex-3

art of the world, in
which the new red sandstone of the Connecticut
Valley forms a part, to which belongs the series of
-oolitic rocks so extensive in the South of England,
and the bluish limestone of Somersetshire and York-
shire, and above thatthe chalk. All these have a
-certain connection, and have been called secondary

strata. In thesethe green sands of New-Jersey are
dncladed. Abovethat we have strats of a more re- ,

Beent date, which con-
ain shells similar to
oee now in exist

| ST 0 Dote, strata
! DI DR A o
Lk = s econdar nd in-
G By b:dsm;; re nfn.z ?(rlnb'a
WWM mistaken for those

rocks which have no
stratification aad con-
tain no foesils,

] Let me mention
that fossila found in the primary beds, and even in
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the differeut layers of the primary beds, are differ-
ent from one another, as well as from those found in
the secondary beds. Geologists have koown this
for half & century. Again, the tertiary contain fos-
reprasent these layers by concentric circles, which
will ba in secordaupe with the forn of the earth,
only thi proportions will not r_-,t =5
be tiue. Let this be the[gses
most ancient steata formedENS S
on the primitive rock; thej H
next, the secondary ; and thelg
strata have been distribute
in an irrngulur mannear, some
being inclined by the uphess
ing of the Plutonic or volea-
nic masses, which have modified their primitive
horizontal position. But il these details belong te
Geology, and have no connection with the order of
Now there bas been an opinion prevailing among
geologists and naturalists, that the animals suc-
ceed in these different strata in an order corres-
ponding to their zoological gradation. The view
has been widely entertained, and it is still the
opinion of many philosophers, that the higher types
were gradually introduced, until at last Man was
This view, thus expressed, is entirely false; in-
vestigstions of gevlogists having shown, to the con-
trary, that in the most ancient strata there are pol-
yps, echinoderms, and in the Trenton limestone
even higher types of the most ancient echinoderms.
There ure also bivalve shells, cephalopoda and
crustacea, found in the most ancient rocks; and
lowest types in the oldest strata, but we have
representatives of all the types. After this fact
had been ascertained, geologists were led to be-
lieve that there was no regular order of succession
in the appearance of fossils. We have gastero-
poda—all classes of molluscs, acephala and cepho-
lopoda, we have trilobites belonging to the order
those of worms, which have induced geologists to
consider the class of worms as belonging to the old-
est strata; and we have fishes. Therefore the no-
tion of ion in constant, regular order was de-
nied, and it is this view which generally prevails
among modern geologists and naturalists. After
they had been under the impression that types in
of the Animal Kingdom, beginning with polypi and
ending with the class of fishes, having found fossils
of all the different classes in the lowest beds, they
actually denied all order and every evidence of
plan in the succession of types.
Now let us investigate and ascertain what oc-
curs in the oldest strata. What animals do we

sils entirely different from the s I will
wpper, the tertiary. These

succession.

formed.

there are also fishes. W e have, therefore, not the
of crustacea; and we have some shells similar to
the order of succession correspond to the gradation
there find 7 That is the question for examination.
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In this diagram I have divided the circle by draw-

4y d ey

B..Secondary.
No. 1. Mammals. No.§.Cephalopoda No.10.Worms.
«+ 6.Crustacea. Polypi.

A..Primary. C..Tertiary.

.. 2.Birds.
.« $.Fishes.

.Crusi o 1L
«« T.Gasteropoda. .. 12.Echinoderms.
.« 4.Reptiles. 3. Medusm.

«« 8.Insects. oo X
«» 9.Acephala.
ing four he;vy lines from the centre, making four
sections. In these sections I have drawn lighter
lines radiating from the centre, to indicate the or-
der of introduction of the different classes. We
have in the grinnry strats vertebrated animals, as
is indicated by the light lines extending into the
x:hn-r{ strate. In the most ancient strata we find
hes, but no reptiles. The type of reptiles is not
found till after the coal era. The section on the
right side contains the class of molluscs. You re-
member I divided this type into three classes:
‘L1'° rz avd 'L-'x Thease
three classes occur at once in the beginning. We
have bivalves under the form of spirifers and tere-
bratula; we have gasteropods in the form of univalve
shells, and we have cephalopoda. 80 we have three
classes of molluscs, but only one of vertebrated ani-
mals—the fishes. In the left sectionIhave figured
articalated animals. We have crustacea from the
beginning. We have inaects in the coal, which be-
longs to the primary beds ; aod we have worms in
the most ancient strata. 8o we have in the prim-
ary epoch the three classes of Articulata. In the
bottom section I have figured the classes of Radi-
ata. Now we have the polypi from the beginning,
and also the echinoderms. The soft animals, the
meduss, are not found in ancient strata, but in the
oolitic series ; also in the lithographic limestone of
Germany im(l)uuionl of jelly-fisheshave been seen.
There is no doubt, then, that if this class existed in
the oolitic epoch, they existed earlier; only on ac-
count of their softness they havenot been preserved.
8o it is likely that three classes of radiated animals
existed, and we know that two—the corals and
echinoderms—were numerous.

Bo we have the nine classes of invertebrated ani
mals beginning in thelowest stata,but only one class
of vertebrated animals—the fishes—in that epoch.
From the beginning, therefore, animals of all class-
es, except the three higher classes of vertebrated
animals, were at the same time called into exist-
ence—even all classes of invertebrated animals,
and fishes among vertebrated.

But now let us examine what we have in these
different classes in the geological epochs. I will
take a few examples in order to give an idea of
the order of succession. Having made Echino-

derms & particular study, I can give more precise
examples from them. All the ancient types are

inoids, You remember that the class of echino-
ivided into three orders—po'yps, achini,

:‘i.srm- is d

mud  woluthunda.
in divided into groups, comprising thuse whi
on a stem and those that are {ree. The

ure divided into three families—the circular ones,
the heart shaped and the oblong. of which this is &
resentative. There are no sach echinoderms in the
primary strate ;—all are star-
sh like, with the stem fixed
upon the soil by & root, in &
way siwilar to the polyps.—
All that have stems belong to

tion is considered as the lowest. No
zodlogist will claim a higher rank for]
the crinpids than the lowest. They
baye been sometimes placed among
L»olypl. belore they were known to
elong to echinoderms. Now it is
not enough that they belong to the
lowest ;—we can show that we have|
the free star fish from the Mediterra
pean, the comatula, found fixed upon the sea weed.
When they escape from the egg
they have a long articulated stem @l
like all those crivoids of ancieutff
times.

and

have the star-fish. Now
sée we hava two rela

between these an-§
cient types and the
living oves. The|
nucient types off
echinoderma  are
the lowest order,
belonging to those
which have astem,
knd io that resem-88
ble the young o
the free star-fish
But ol those whichj

bave stems there is 0oly oue species Low existing
~—the pentacrinites, and what is singularis that our
free star-fish, at lesst the family of comatuala, have
sach a stem in their young state, and the young bear
8 strong resemblance to these ancient types. The

next family which succeeds these is the free-star-
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fish. Thus we see that class branching into differ-
ent families. and these divisions also correspond to
the types which begin to exist in different epochs.

I eaid we have no free echinoderms before the
secondary strata. Now free star-fish of a higheror-
der begin to exist in the tertiary fermation, and
the maultiplication of types is accompanied with &
gradual extinction of the’ primitive fixed star-fish
with articalated stems. As the forms become more
free and more different -among themselves. the
primitive stock is less numerous, until at the pres-
ent time only one species remains.

Of the polypi I cannot explain the order of suc-
ceasion, though the living ones have been beaauti-
fully illustrated. The forms of the fossils bave not
been compared to abow any relation to the living

ecies. There is yet a wide field for inveatiga-

n in reference to the gradation of structure in
living ones and the order of succession of ancient
types.

Among the molluscs I obald point to very similar
facts. Tbe class of bivalve shells, to which I have
already alluded, is repr d in the oldest strata
only by such irregular bivalves as the brachiopoda.
There are mno regulur bi
valves inthe primary strata FE08
# is only in the secondar, Eias
that we find them, and only I8
in the te do we find
that variety of shells cxisr 8
ing now. Butwehave seci
that the gradation in theSS8
class of acephala is snci [t
that the brachiopoda shouli
be considered the lowest.

The Monomyaria next succeed ; then those which
have two muscles. Inthatclass we bave an agree-
ment hetween the order of succession of types
with geological times, and the order when classified
by their structure. The same faot can be seen in the
cepholopoda. Those allied to the nautilus—the
gonoide—are the lowest, while the naked types
are found in secondary strata.

Among Crustaces, the lowest are the =gy
trilobites. Who would consider ther ."‘

as higher than the lobster or crab 1—f
They are similar to the larves of crabs.
Any one who has investigated the first {8
formation in the egq of the young crabf

TS o will

the egg which shows only
chtransverse divisions,and
enatthebeginningweseea
nid of depression from which

Wil bave ubour e I
pendage here which is wamting among
trilobites. There is such a close resem
blance between young crabs and those
ancient trilobites—the only crustac
found in the primary beds—that it is
quite extraordinary that the old agro:
with the first form of young crustas
in the egg.

Next we have the lobster trihe— "
which occur in the secondary strals.
We know that crabs stand higher than the lob-
ster, and there are less of these external ap-
pendages in the tail of crabs—which append-
ages are by no means indicative of superi-
ority ; therefore we consider the crab as higher
than the lobster. But th;.cnbl begin to appear in

the chalk just after the existence of the long-tailed
crustacea. '

8o we have given the order of succession of these
types agreeing with the gradation of form pow in
existence, when we consider only their organiza-
tion. I could mention the first appearance of the
wingless insects, with 4 form sllied to that of the
spider and the scorpion tribes,.—the enly ones are
found in the coal deposition; those with wings,
analogous to the more perfect insects, beginning
and occurring in the secondary strats, in the beds-
of chalk and the oolitic series.

8o we have in all classes the lowest existing
first, and of invertebrated animals all classes in
exi atonce, b worms have been found
from the beginning. 8o there can be no doubt
that if all classes began to exist simultaneously,
their lowest types occurred first, and their higher
types appeariag in succession—a great variety be-
ing established only during the existence of Maa.

What ave the facts with vertebrated animals ?
We find fiahes only in the older strata. In the

dary strate reptiles prevail iderably, with
some indication of birds, and at very late epochs
another indication of mammalia. But in the terti-
ary beds we find reptiles, birds, mammalia and’
fishes, animals which illastrate all the types of for-
mer epoche. But do we find the first fish called
into existence to be the lowest? By mo means.—
The types of thoae first created must be considered
the highest in their class. The first class that ex-
isted are the ganoids—those covered with enameled
scales, in which we see some likeness to reptiles,
and in fact indicative of higher orders which were
not existing at that time.

Then again at another epoch—when reptiles be-
gtm to exist in the secondary strata—we do not find

atrachians first, but reptiles allied to the crocodile
—the Rhizodonts—which indicate, by their charac-
ter and form, a likeness to Mammalia, which were
called into existence later. There is a great re-
semblance between these and cetacians—so great
that in some respects it ia difficult to distinguish their
bones from cetacians. ;

Again, we find pterodactyles, as allied to birds,
which were called into existence later.

So we see that the first types of the oldest verte-
brated classea which are introduced are the highest
among themselves. They are prophetic types, in-
dicating the fature existence of other types at a
later epach, and if we trace all these series we ean
go so far as to see that the order of succession is
such that there is only one chain in the whole series
of vertebrated animale, indicating from the begin-
ning an intentien to introduce at last Man, the
highest type, at the head of Creation.

And this point of view allows us to consider the
vertebrated animals as the only one in which there
is & progression of this peculiar kind, in which the
firet step is already indicative of another higher
step, till the complete series is accomplished.

It would take me much beyond the limits of my
time if I were to enter inte the details of all these

pes. Let me only show that these types suc-
ceeded each other in such 2 manner that they can-
not be considered as derived from eaeh other. The;
may be considered as entirely independent of eac!
other, and only connected, in the idea of the Creator,
in the same manner as theae facts, of which we
showed a ion, are ted, not materially,
but in our minds only. All these fishes, though they
have analogy to reptiles, are nevertheless by their
characters true fishes: they have fins, gills, a verte-
bral column, and articulated fingers in the form of
singularly modified fins with numerous rays. Even
in different strata of the primary roeks we find fishes
of different genera and species. We find in the
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secondary strata again other fishes—and, what is
singular, the moment the class of reptiles begin to
oxist, these fishes no longer show so strong a like-
ness to reptiles, but begin to resemble more the
fishes of our own day. In the cretaceous series we
have all the types now in existence, though the
genera with bony spine, dentated scales and maulti-
plied fins on the back, show no indication of exist-
ence in the ancient strata.

But reptiles which firat exist, assume all the char-
acters we find in the beginning among fishes. But
can they be considered as derived from those fishes ?
No more than any of our living species can be de-
rived from another. There has never beep a spe-
cies derived from another. We have always seen
the order of reproduction remain within the nata-
ral limits of the species, and it never passes from
one to another. It must be maintained as a natu-
ral law that one species will not produce another,
for what does not take place now cannot be admit-
ted to have taken place in other epochs. If it had
been 80, we should find intermediate forms, and in
sach & menner that they could be shown to have
been derivéd from different species existing pre-
viously. In fact, the anatomical characters in rep-
tiles are such that there must have been a change
in structure, and such change is never assumed ex-
cept in varieties which can be found in tribes of
domesticated animals when the races are mixed.
These effects are entirely different from those of &
succession of different apecies in geological epochs.
Bo we wouid consider this analogy between the
ancient fishes and the reptiles of a later period—
this change of character in fishes when the rep-
tiles begin to exiat. and then the renewed changes
in the saccessive epochs as indicating merely that
at such epochs the plan contemplated at the begin-
ning has actually been effected, and these modifi-
cations, which were intended to carry on the pro-
gress up to the appearance of Man. have been
gradually accomplished by the Creator.

There is, therefore, in this view a gradatien in
all vertebrated animals. There is no such in the
invertebrated:—they were intended to be compan-
ions of the vertebrated throughout the geological
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epochs, improving till they acquired that great va-
riety which now accompanies Man—which type of
vertebrated animals was intended to be the stock
from which the highest type should apring forth at
the latest epoch. then to find all that variety in the
lowaest animals. Therefore we conclude that Man is
not ouly the highest group in Creation, but is the
last intended type. e can even go farther, and

-say that this having been the intention of the Crea-

tor from the beginning, we can expect no higher

rogress or new development. The creation of
gdln is the higheat possible development in the
progress of Creation.

In this view we are borne out by other facts.
For though the different geological types have been
introduced upon different points of the surface of
our globe—and theugh, as I have stated, animals
in different parts of the giobe are constantly cir-
camscribed—Man at Iast began to be diffused, and
to acquire & Eower over Nature which no other
spacies ever bad. At no epoch has any species
ever had such a marked superiority over another as
Man has now over the lower creation. .

Again, when in any point of view we compare
the structure of Man, we can see that he was the
last object intended. You remember that fishes
bhave = brain very little larger than the spinal mar-
row and it is placed borizontally withthe vertebral
column: the class of reptiles begins to raise its
head : inthe class of birds the head rises still high-
er: but iu Man a position is assumed to which there
is no superior. He utands erect—with a large brain
und a head of such a spherical form that there i
no improvement possible—but the highest degree
of perfection is realized on that plan. Then if we
take in conpection with this the fact that, in the
succession of types, the different species of animals
are confined to particularlocalities, and that Manis
spread all pver the surfaceof the earth, we have an
unmistakable indication that Msn was not only

the last creation up to the present time, but was in- .

tended to be the last—and that no material progress
is possible on that plan, but ell progress to be ex-
pected within the limits of Mankind is improve-
ment in intelligence and morals. [Great applause.}

Professor Acasg1z here reached the conclusion of his Course, amid the general applause of 'nhigbly
attentive and intelligent assembly—who, during the whole series of the Lectares, had evinced an intense
interest in the multiplied subjects so ably yet succinctly treated. Profeasor A. retired from our midat

accompanied by the warmest congratulations and sincere hopes for fature success of a multitude of our-

most distinguished and talented citizens.
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We are on the eve of another Presidential Eloction.—2
Lot none fancy that, since it is approached so calmly, it
will be cunducted sluggishly and terminated without ex-
citement. Whoever cherishes such an illusion mistakes
the character of the American People and the impulses
which sway them. Egqually idle is the imagination that
Party lines are to be effaced and broken down in this con-
test—that the prestige of some heroic achisvement or the
glitter of mn epaunlette is to chase from the popular mind
all memory of the radical differences of seatiment which
have 5o often arriyed one-half our countrymea in fierce
conflict wjith the other. Idle chimeras these! offepring
of an empty heart or a sickly brain! With the progress
of events a particular measure may become more or less
important, the emphatic nssertion of a certain principle
more or less ensentisal, but the question of questions re-
mains aad will remain. At one time, the establishment
or maintenance of a Sound and Uniform Currency; at
another, the upbailding and cherishing of new or feeble
branches of Home Industry; at another, the proper dispo-
sition of the Proceeds of the Public Lands; at a fourth,
Peace or War, Spoliation or Justice; but underneath all
these, mightier than any, more enduring than all, lives ev-
er the elemental difference in which parties have their
origin—on oue side the idea that Government should be
CREATIVE, CONSTRUCTIVE, BENEFICENT; on the other, the
negative, skeptical, do-nothing element, whose axioms
are ‘The best Government is that which governs least,’
{The People are inclined to expect too much from Gov-
ernment,’ &c.—which <ees in a Canal, a Railroad, a Har-
bor, & Protective Duty, only & means of eariching a few
individuals at the expense of the community, and which
cannot conceive how any can be benefited by a public
work withont inflicting 1njury in at least equal measure
apon others. The fundamental axioms of this negative
philosophy are really hoatile to Common Roads snd Com-
mon Schools required and sustained by Lew, as well as to
those elements of National well-being against which it
now directs the energies of a great party. The antag-
onism of sentiment growing out of these conflicting views
of the nature and true ends of Government cannot, in the
nature of things, be lastingly compromised ; it cannot bs
terminated by the result of any one election. It must
be potentially felt in the party contests and popular agi-
tations of many years to come.

On this and all the great questions growing out of it,
THE TRIBUNE maintains emphatically the doctrines of the
‘Whig Party. It advocates ProTECTION TO HOME INDUS-
TRY, wherever such Protection may be needed, and to the
oxtent of the necessity; a NATIONAL CURRENCY, sound
and of uniform value, composed of Coin and Paper ia
such proportions as public interest and general conven-
ience shall dictate; INTERNAL IMPROVEMENT, by the
General and Btate Governmeuts, each in its own sphere,
and by A liberally i d thereto by such fa-
cilities as Legislation may safely and justly afford; and
such disposition of the PusLic LaND PROCEEDS as shall
secure the benefit thereof to the People of all the States
thronghout all future time. Above all, this paper will

the ideas of Bocial and Political Fconomy to which it ie
devoted, as & mildew to ine D Y, a8 utteaty at
variance with Christisnity, and as a scandal to the Nine-
teenth Century. These views will be faithfully and fear-
lessly commended to public favor; while our opposition
to the Extension of Human Slavery over one foot of soit
where it hias not now a legal existence shall be unsparing,
M ising and subject to no ation of Party
advu.nt.ue or Presidential triumph. Far sooner will we
sink with our principles then succeed without them,
however desirable success or however mortifying defeat.

—~THE TRIBUNE will endeavor to commend itself to all
classes of readers by the fullness of its intelligence as wall
a2 the fairness of its discussions. With this intent one
Assistant Editor will remain at Washington during the
Sesvion of Congress, giving daily reports of sayings and
doinn in the Houses and slsewhere; two Enropean Cor-

pondents will it us regnlnr disp from the
Old World; while no expense will be grudged in procar-
ing the earliest and most reliable information from all
parts of the world. Reviews of New Booka of decided in-
terest and selections from the Popular Literature of
America and Europe will be frequently given, with occa-
sional reports of Public Lectures of high character ; but
it shall be our first object to present a fair rad full pic-
ture of the real world, only varied at intervals by excur-
sions into the reslm of the ideal.

—THe NEw-York TriauNE is issned Daily (a Morning
and two Evening Editions, in order to serve each subscri-
ber with the latest news possible) on a fair imperial sheet
at Five Dollars per annam, or half the price of the great
Commercial journals, by which it aims to be surpassed in
nothing but Advertisements. A Semi-WeekLy EpitTioe
is issued on a similar sheet each Wednesday and Saturday,
and sfforded to subscribers at Three Dollars per annum
or 85 for two copies. THE WEEKLY TRIRUNE is printed
on & sheet of nearly double the size of the Daily, and af-
forded at Two Dollars per annum, Sif¥ copies for §10, Ten
copies for $15, or Twenty for $24—payment being inva~
riably required in advance. When the term paid for ex-~
pires, the paper is uniformly stopped, so that no man
need hesitate to take it from an apprehension that he
willbe persecuted by duns or unable to get rid of the paper
when tired of it. This rule has given offonce toa few pa.
trons of the non-paying order, but the great majority seem
to like it better than the old fashion. .

It is not our custom to appoint Local Agents to solicit
subscriptions, nor to place great reliance on Agents at all.
But eny person who is well enough known to be trusted
by his neighbors may nid us if he will and help himself if
he chooses, by taking this Prospectus and asking thoss
who like The Tribune to hand him the money for a year,
which he can remit at Club price and thus obtain pay
for his time and trouble. Subluﬁom accompanied by
payments are respectfully solici

GREELEY & McELRATH,
Nassau-st. New-York.

£9" Notes of all lpeeio—pnym; Banks io the United
States are taken for subscriptions to this paper at
Money inclosed in a letter to our sddress, and Jepol-

¢study the things that make for Pxace,’ and str iy
oppose the fell spirit of War, the lust of Conquest and
the passion for Military Glory, so mortally adverse to all

ited in any Post Otﬂce in the United States, maybe con-
sidered at our riak; but a description of the bi; onsht
n all cases to be 1ofi with the Postmaster. & M,
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