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LECTURES ON

more particnlarly than before, upon the growth of
animals within the egg; and some facts have been
bronght to light which have their bearing on Zoolo-
gy. Though how thesefacts have to De applied to
the stady of classification, has not yet been traced.
Embryological investigations have been particular-
Iy made with reference to Physiology—that is, with
reference to the mode of formation of the varions
organs which exist in animals, and not with refer-
ence to ascertaining their natural reiation among
themselves.

Another series of investigations which have mod-
ified considerably the views which were entertain-
ed of the structure of the animal kingdom, are
those micrascopical researches upon the intimate
gtrocture of the tissue of the mass of the body.
Of what does the flesh, the bone, the nerve, the
varions masses of the body,consist ¥ and how have
they been gradually formed? has been theobject
of various microscopical investigations. And
again, in this department facts have been brounght
to light of which we can avail ourselves in inves-
tigating the natural relation of animals. On in-
troducing a series of Lectnres on Embryology, my
ohject is not to illustrate embryology in the same

gense, in the same manner, in which it has gen-
erally been traced.

[PLaTE [—EGas or Frsnes.]

I shall not undertake to go back to the begin-
ning of animal life, to attempt to illustrate in what
manner Individaal life is produced, and how,
generation after generation, new sets of individ-
uals of each kind are made to succeed each other.
I shall simply take the germs as they occur in the
egg, to trace the changes they undergo; and by
the knowledge of such changes, show that they

such series as agree with the natural series |
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in the animal kingdom. My object is not merely
Embryology; it is Comparative Embryology. And
nnder Comparative Embryology, I mean the com-
parisons of those phenomena which have been
traced in the growth of the different animals, and
the different modifications which oceur in individ-
dual species, throughout the different classes, in
their natural gradation, when full grown.

Let me, with a referenca to a few diagrams,
show what I mean. Here are the various stages of
the growth of a fish. See here [A] the egg in the
earliest condition. Hgre is the first indication of
something different TB]. Next we see it still fur-
ther advanced. There are afterwards successive
changes taking place, which go on to give rise to an
elongated mass, |Plate I, C D E] which swells and
elongates more and more till in the anterior por-
tion there is a greater swelling, which finally as-
sumes a more decided change, till there are indi-
cations of longitadinal lines, which grow more
prominent.

The transverse divisions are introdoced until we
see a little fish is coming. [Laughter]. From this
time it nndergoes another series of changes. It
resembles more a fish. The head is now distinet.
The back bone appears here. It begins to be mov-
able and finally, [F] we have the form of the fish,
with the mass of yolk under the abdomen.

Now, embryology traces all these changes from
the first formation of an egg to the formation of
the gers within the egg; but the germ is not yvet
formed. We have next to witness the formation
of the animal; and afterwards we tracein the prim-
itive egg, the suceessive changes of the first rudi-
ments—we trace its transformations. We have
first its formation in the egg. We trace afterward
its transformation through changes of different
forms. And it is important to distinguish between
these two orders of phenomena—the formation of
the germ, and the transformation of the animal
into different outlines. The one would e the sub-
jeet of embryology proper; the other is ealled the

 metamorphosis of an animal ; and has been partic-

ularly studied among insects, where the new being
passes through very different and guite distinet
forms. For instance, in Batterflies it is first in the

form of a caterpillar, as you see here:—[Plate 11.
fir. Al

[PraTe II—BUTTERFLIES AND CATERPILLARS |
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Here it is older, [Plate IT, fig. B.] It is what
wa call pupa, but it is only an older caterpillar and
not yet fully grown. These are simply stages
in one and the same animal ; and we have been
misled by ideas which we had formed from what
the ancients ealled metamorphosia; we hava
been aliowed to let onrselves think that they were
one class of beings transforming themselves inte
other beings; but they are not. They are all one
thing in different stages.

As is the caterpillar, sois the pupa; anrd so is
the perfect animal, the butterfly. The snimal re-
mains in the first condition for a certain time, and
changes his condition and remains im the second
condition a eertsin time, and foally arrives at i1a
last transformation. And before it can wnderge
such changes, it had to be formed. And in the

changes which the swbstance of the egg itself un-
dergoes, it is the substance of the egg which gives
rise to such a primative form, and then undergoes
metamorphosis.

Prate VI[—Esces or MrosgniToES.

This is the egg ot a musquito, [ Plate VII, fig. A T
And there is the external mass [Fig. B.] making
its appearance. After some changes. it becomes
divided externally, and when the littla worm which
is within the egg escapes, it is in the form of a
larva. [Itthen nndergoes transformations by which
it finally assnmes its perfect form.

[PLaTE VIII—LEces oF Rannirs,|

A transformation takes place in all animals,
This [Plate VIII, fig. A,] represents the egg of a
rabbit. It undergoes similar changes to those in
the fish. It gives rise to the prominent mass as
sgen here, [Fig. B] This spreads, and there is a

PROF, AGASSIZ'S

longitndinal line marked beneath, [Fig. ¢} And
bere, [Fig. D} we have, after certain transforma-
tions, an animal with its blopd vessels, growing
towards the perfect form. And in this way we
have the variowe transformetions er metamor-
pvhoses take place, '

In other animals the metamorphoses are gradu-
al. We see, for instance, the tadpole, from the
singular form first seen [Plate ITL. fig. AT passing
gradually into the form of a frog. But every
metamorphosis takes place gradwally, not seem=
ingly from one animal to avether, but by ehanges
of the same animal to others and other forms.

[PLaTe III—Frosa ]

Now, it will be the knowledge of this metamor-
phosis of animals which I intend to make the
foundation of a natural system of Zoology. And
how that is to be done, I will explain by an exam-
ple, and refer to the class of reptiles; as I find it is
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in that class in which we have the most matared
materials for such an invest gation. I might have
gelected a more worthy subject than frogs and
salamanders, and perhaps have alluded to the
" higher animals. But let me say, there is nothing
unnworthy of our attention in natore. And if we
can trace the action of the creative power in these
animals which we despise,let us consider that
they were made by Him, and if they were worth
making, they are worth considering by us.

The class of reptiles as it is now circamscribed,
is a very natural one, thongh it was not always so
in the works of natural history. There was a time
when crocodiles, lizards, turtles, were not ranked
among reptiles, but were placed among quadru-
pods, with all the bigher animals—all the higher
mammalia—and when reptiles were to nataralists
only serpents and frogs ; and even then they divi-
ded those animals into two groups—the creeping
snakes in one, and the jumping batrachia in the
other.

Laurenti, an Aunstrian naturalist, was the first
who described these most carefully, bringing to
gother frogs, lizards, turile, salamanders, toads,
and combining in one natural division all the
principal animals which we now refer to it.—
But his classification was not much better on that
acepunt. He placed in one and the same division,
salamanders, and lizards, and crocodiles, which we
now know to be widely different ; and he did not
place in that class another group of animals, which
we refer to it the Caeilia. I shall not enter into
too many details, for fear [ should not finish what
I have to say this evening.

Linn#us followed the same example. He brought
together turtles, crocodiles, lizards, snakes, frogs
and salamanders, but unfortunately left in the
same ¢lass some fishes, which he combined with
the reptiles, owing to some pecunliarities of their
golid frame. Linnmns also left the salamanders
with the lizards. becanse they had four legs.

Here is one of these animals [Plate IV, fig F ]
Brongniart, the celebrated geologist of Paris, stud-
fed these animals, and happily threw great light
upon the subject, when he showed that reptiles
could be divided into feur groups—the tortles
being one, the lizards another, the snakes a third
and the Batrachians, as he called the frogs and
salamanders, the fourth and last group. And in
this, for the first time, we see salamanders sep-
arated from lizards and brought into connexion
with [rogs and toads. He had noticed that these
animals undergo similar changes—that they are
equally makeid—that they bave not the scales
which characterize higher reptiles, and he there-
fore brought them together. but he left ont an
animal which really belomged to that class. A
nnkfd snake called Cmeilia by naturalists, was left
out and incladed among the snakes.

I shall use the term Batrachia to designate all
those animals which are allied to frogs and sala-

manders. We have a great variety of these ani-
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[PrATE IV—BALAMARDERS |

mals. After the publication of the works of Brong-
niart, Oppel, Dameril, etc., (who also introduced
new views on the subject) they were extensively
studied, so that in the museums these animals be-
came more numerons, and it berame necessary to
introduce some sobdivisions among them. Now
let me show what sort of animals are referred to
this order of Batrachia. And inthe first place we
have the type of frogs. [Plate III] Animals
which have four fingers in the anterior leg, and
five behind. There is no tail to those belonging
to 1.h1is group—we refer to the frog and the
treetoad. Thero is a web in the finger of the frog;
hut in the tree toad there is a kind of web, and s
is floating. Bat in the toad the ingers are entirely
free.

In the salamanders there is a tail. There Jare
four fingers at the ermination of tha anterior ex-
tremity and five at the termination of the posterior
extremity. Without the tails, salamanders wonld
be compared with frogs and toads. If their body
was somewhat more contracted they would resem-
ble each other very strongly. And indeed,their in
ternal structure is similar. On account of the

.r""j -'r
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presence or absence of a tail, these bave been divi-
ded into two groups—without a tail and with the

tail. The tail is shorter and thicker and the whole
body is more contracted. [Plate V.fig. B.] Here are
gills which do not exist in any other of this group,
gills which exist in the whole life only with fishes;
but which here exist simultaneously with lungs in
the body. This is called [fig. Bl Menobranchus
Maculatus; and this [fig. A] is called Menopoma

Alleghaniensis;

[PLATE VL]

Here are three fingers forward and two back-
ward. [Plate VL fiz. A.] This is found in South-
ern Germaeny. Here [fg. B] is one with a very
minate fin. This isaspecies which oecars in Geor-
gia. And here is an animal [fig. C] which has
anterior legs but no posterior ones, and oceurs in
onr Sputhern Siates, There is another type which
is not figured, in which there is no tail, no legs,
and only a transient and temporary gill. It ig the
Cmeilia—the so called naked snake. The position
which i8 now assigned to these different an-
imals is as follows: As late as 1520, Fiwzinger,
who has fornished an elaborate dissertation on
this class of reptiles, clazses at the head of Batra-
chiang the genns Ceecllia, still impressed wjl.p its
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resemblance to the snake. He considered it as al-
lied to the snake and placed it at the head of Ba-
trachians, which are from their strocture the low-
est type among reptiles. Next he placed the frogs
and toads, then the salamanders. and those ani-
mals next these, like salamanders [Plate V. fig. B.]
This was followed by all following investigators
of succeeding years, Cauvier, in his animal king-
dom, in 15829, however, made a step backward. He
replaced the Camcilia among snakes, though he
could not have overlooked the investigations of
naturalists who had shown that the want of ribs,
the peculiar articulation of the head with the
trunk, was much more closely allied to that of
frogs than to that of snakes ; and the want of mev-
able jaws, again, should have prevented him from
confounding the Cecilia with snakes.

He placed the frogs at the head, next the toads,
next the salamanders withont external gills, and
finally the salamanders with external gills. I have
given these details om purpose to show that in
all these methods there is no principle ; and I refer
to the leading authors in the natoral history of
reptiles in order that I may not be taxed with over-
rating the valoe of the principla which I am now
about to introduce, or of over-rating its influence—
its valus. Wagler, who is also the anthor of a
system of Herpetology, places at the head, cmeilia,
next frogs, then toads, next salamanders, and final-
Iy, the proteus and menobranchus. Canino fol-
lowed in & similar track; so did Johannes Miller,
of Berlin, who modified it somewhat, placing the
naked snake lowest. Next this one, which has no
external gills, [Plate VI. fig. B] and finally this

cone [Plate V. fig. A.] And above these he places

those which have gills,and above the salamanders,
the frogs.

Tschudi, who has published & natural classifica-
tion entirely devoted to this subject—that of Batra-
chians—places Menobranchns lowest. Then he pla-
ces the naked snake between salamanders and frogs;
which he jostifies simply from the strueture of the
head, or at least, gives that as his reason for the
arrangement. Now you see that from want of
A prineiple, all these details differ in the varions
authors. No one is roled by anything but his im-
pression—his feeling about it. And I think that
we can sohstitute a principle, and we can show
that this principle has nothing arbitrary, and is
given to us by natora.

Let us trace the metamorphosces of frogs, and
there we have the key. What are the changes
which frogs and salamanders undergo? In the be-
ginning,for instance, salamanders are animals with .
out legs at all, [Flate IV. fig. A| with a long tail,
and large gills on the side ol the head. A change
takes place. [Fig. B.] Another change oceurs; the
gills remaining and growing larger, when an
auterior pair of legs appears, and in anoth-
er stage the gills are reduced |Figs. C. D ] when
the second pair of legs appears. [Fig. E ] Here the
anterior pair has four fingers, but here [Fig. Flis a
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ees have been foundbetween the fossils and the
living ones, that we shall have an opportanity to
~ allude to another relation which exists between
these different forms. Those which have existed
earliest upon cur globe, in the ancient geological
epochs, do not indeed resemble those which live
now ; but they are related to the forms of the Ech-
inoderms of the present day in their earlier stages
of growth. And go the class of Echinoderms will
afford us the means of investigating all the differ-
ences which exist between the animals of that class
living now, as compared with their embryonic
changes, and also between the changes which- the
representatives of the same class have undergone
from the earliest geological times, up to the time
when the order of things which now prevails upon
this globe was introduced.

But yet very little was known of the embryology
of Echinoderms. Two singular investigations had
been made upon this snbject, one by Mr. Thomp-
gon, of Cork, who had ascertained that the Comas
tola, & star-fish with pinnate rays, of which yon
have heére a figure [Plate Lfig. B] produces youngs
like this [Plate I, fig. A}, resting upon & slen-

Prate T—Fiar A axn B

der stem,which during their growth cast this sjem,
hecome free, and assume finally the appearance of
Fig. B.

Next, a Norwegian naturalist, Mr. Sars, traced
the changes which the egg of the Star-fish nnder-
goes. Here are the different fignres which Sars
drew of the young of & small species of Star-fish
called Echinaster Sarsii, which oceurs on the Nor:
weglan coast. It Is first a spheroidal mass, which
[PraTe IT—8ans” youxs BSTAR-FIRHES.]
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is said to move free, like Infusoria, when upon
oneof its surfaces three tnbercles are first obgery-
ed. [Plate IL, fig A].

These tubercles soon become more extensive and
run together. forming & figure, similar to & Roman
T. [Fig. B].

Here itis in profile, [Fig. C] where the cross
of Fig. B. appears like two horns on the upper side,
This prominent part nextassumes this figure [Fig.
D] and seen in proflle, it Is like the letter E. After
this the sphere fs divided into five lobes, [Fig. F]
with a central one more prominent. Finally, that
figure would become more and more flat [Fig. G]
its prominent horns which had grown larger, are
afterwards reduced, and finally disappear entirely,
and an animal similar to a Star-fsh is produced.

From these investigations, Sars concluded that
the young star-fish was originally a spherical being»
awimming free like the infusoria—that it soon as-
sumed & bilateral form, and that this was finally
changed to & star form. In this [ think Sars has
been mistaken, in as far as the bilateral outlines of
the young as he represents it, i3 only the result of
a lateral flexion of the peduncle hanging under the
centre of the nmbrella-shaped little animal.

Bat in order to show how a simple exg 15 trans-
formed into an animal so complicated as the star-
fish, it is now necessary for meto allude, first, to
the structare of Echinoderms In general. It would
be otherwise impossible for me to show how the
various parts are gradually developed, if [ could
not refer to the complicated organization of the full
grown animal. These details would indeed have

very little interest iff they were not described in
connexion with the complicated structure of the
perfect animal.

[Prate [I[—GERM: 0F STAR-FIsHES. ]
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These figures [Plates III and IV ] represent the |
changes which I have observed in a specles of
Star-fish from Boston harbor, from ita first forma-
tion in the egg up to its perfect condition ; thongh
I hawe not been able to trace it to the foll size to
which it ws on these shores. Sars has not
been able to aseertain the internal structure of the
Star-fish, becanse the species which he observed
was too opaque, and did not allow an investigation
of the internal parts. The species which I have
compared admitted of such an examination, hav-
ing more transparent parts, and by a peculiar pro-
cesa of investigation it has been possible to ob-
gserve the whole internal structare, the specimens
being pressed between two g]aau plates, when
placed under the microseope.

Before 1 allude to all the details represented in
plate I & 1V, let me show from these Ggures how
1 conceive that the diagrams of Sars [Plate II]
thongh drawn from nature, give an erroneous im-
pression of the animal. It is simply that the pe-
duncle hanging from the centre of the discoid or
gpherieal body being laid flat upon & zlass plate,
and perhaps pressed it on the glass, for the mi-
croscope s bent sideways, and thus it is seen as
in these figures. But when seen floating, it will be
noticed that this peduncle hangs downward, [FPlate
IIL fig. A, B, C, D). .

As aclass of animals the Echinoderms agree most
remarkably in their structnre, though differing
most widely in their external forms. We havain
the first place elongated forms, somewhat like
worms, with a star-shaped extremity, called Ho-
lothuoriae.

[PraTe V—HoroTRoRUE |

—
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Here are spherical or spheroidal forms of these
animals called Echini or Sea-Urchins, [Plate VIT
and finally star-shaped ones, called star-fishes,
and among which there are free ones, those which
rest on & stem, like lilies, [Plate VII, fig. A. D]

PLATE VII—STar-Frsnes—Crrnoins ]

These various animals are so widely different that
it seems  scarcely possible to find a fundamental
plan of strocture and a uniform arrangement of
parts in all of them. Yet it is so. Condeive for & mo-
ment that the fandamental form is a spherical one..
If the sphere is extensively elongated, we have the
forfn of the Holothuriz, Plate V.; the spheroid
form itself may be more or less owvate [Plate
VI.| or angular; or il the corners of these be
drawn out, we have a real star-fish. In the cen-
tre of some of the circular ones there are plates
or prominent knobs on the snmmit, [Flate L fig..
BE.] which may form a kind of peduncle above—
Now it iz easy to conceive that these growing
longer will appear in the shape of a longer or
shorter stem upon which the animal will move,
[Plate VI. fig. A D] balancing itself. So that from
these polypi-like forms up to the worm like forms
we have gradnal transitions.

As the highest among the radiata the echino-
derms are more complicated in their structure.—
Their external coverings are already more distinet
than in any other. In the polypi the skin is close-
Iy attached to the fleshy mass of the hody. Here
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upon the upper surface with little holes throngh
which the eggs escape. The ovary itself is a gra-
nular organ, of which several figures in various
stages of developement are here seen.

"Prate IX—0vArIES 2F STAR-Fram.]

Such is the structuré of the Fechinoderms, the
Stomach forming a simple cavity, withont any oth-
er outlet except the mouth. In some the alimen-
tary tube is more complicated. In the Echini or
Sea-Urchins [Plate VI] there is an alimentary tube
forming several evolutions, and opening upwards.
The ovaries form more peculiar masses than in the
star-fishes. The mouth is also protected in most
Echini by a complicated set of jaws and teeth. In
Holothuriz the whole system of organs assumes a
more bipartite arrangement.

In the process which gives rise to the formation
of new individuals, the first step consists in the ac-
enmulation of more or less consistent matter of a
somewhat opaque or yellowish appearance, and of
& granulated texture which divides soon into small
spherical masses. This takes place in the ovary.—
This mass, at first homogeneous, assumes soon the
aspect of little bunches, which soon grow more and
more isolated, and then assume around them & pa-
culiar membrane, and there are eggs. Eggs in their
simplest condition are microscopical spheres of &
homogeneons mass, called yolk, and surrounded
by a simple membrane, called the yolk membrane.
(Plate IX C.) However different in its aspect in
different animals, this mass is called yolk, through-
out the animal kingdom, from the fact that this
name has been applied to the part which corres-
ponds to this structure in the hen’s ecg.

The primitive egg is always microscopical, and
its contents homogeneous ; but this substance soon
becomes granular. It iz so small as to escape the
observation df the naked eye. And there is anoth-
er little sphere formed within, which is called the
germinative vesicle, containing another little ves-
cicle, which Is called the germinative dot. [Plate
IX fig.D.] Undera powerful microscope the gran-
ules of the yolk itself appear also like little cells.—
There are little spherical masses, and they contain
even in their turn other little dots.

Plate IX shows the various degrees of the growth
of such eggs, of which there are more or less de-
veloped ones in the same ovary ; assuming first
their regular form [Fig. AJ, and then a transparent
gpace appearing in the interlor [Fig.B] ; next the
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germinative vescicle becomes more distinet [Fig.
Cl, and [Fig. D] the germinative dot is now dis-
tinetly séén. The whole mass of yolk, which has
grown considerably; consists here of cells, which
have been formed by the expansion of its granules.
Throngh this growth of cells within cells, and of
granules growing into cells, there is finally a germ
formed. Thatwhich we call yolk in the beginning,
is finally a spherical germ, which will eseape from
its envelope. We have here [Fig. E] the ovary of
& star-fish, from which some germs have escaped,
and here is the figure of such a germ already
hatched, highly magnified [Fig. F1. The ovary of
ged urchins, have all the same stracture, and
vary only in their size and proportions. Nowa
caripus observation which I have had an opportani.
ty¥ to make, is, that the eggs after they are laid are
taken up by the star-fish, and kept between it
tubes, below the mouth. The star-fish bends itself
around them, surrounds the eggs with its suckers,
and moves about with them, When the eggs had
been removed to some distance from the animal, it
went towards them and took them up again, and
moved off with them. showing that these animals, .
80 low in structure, and apparently deprived of all.
instinct, really have so much instinct as to wateh
over their young.

Now these eggs which are thus kept there, and
protected by the mother, will escape. These germs
I have been able to trace from the lowest possible
condition, where they resemble ovarian eggs. At
no epoch did I ses this new born animal living frea,
and swimming like Infosoria, as is said to be the
case by Sars.

Boon, however, the external crost of the germ
becomes more transparent, consisting of somewhat
looser and larger granules, and the jnternal mass
assumes & color & little darker, so that two layers
are distinct, between which there i amother one,
which becomes also gradually more and more dis-
tinet. On one side of the germ there is now a pro-
tnberance forming, and the prominent portion
separates more and more from the spherical mass,
[Plate IX, F] the difference in substance of its
layers growing more and more distinet. The promi-
nent portion, which is the lower part of the littla
animal, becomes more and more elongated and as-
sumes more and more the form of a peduncle.
Often there are several gronped together, and at-
tached by this appendage to the empty egg cases];
they would even-form bonches remaining thus
attached till they are far advanced in their growth.
At this period, however, there is not yet any or-
gan formed as yon will notice on comparing Fig.
F of Plate IX. with those of Flate IV.p.13. Only
changes of substanea have taken place. But now
we begin to see little swellings in five points on
the sides; the spherical portion of the germ has
also grown considerably, and has been flattened by
lateral dilatation.

The little animal has grown to a more hemis-
pherical shape; and from that time there is an np-
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[Prate XIT—Sans’ Youws OrHIURA.|

The same observer afterwards found, that within
this earions frame there was forming a sack, with
an external opening hanging down between the

longer lateral sticks. (Plate XII, fig. A.)  He
descrlbes 1he opening, (Plate XTI, fig. B), asa
mouth, the tnbe above as an wsophagus or ali-
mentary canal emptying into a sack, which he
calls a stomach, (Flate XII, fiz. A) The mouth
hangs here lowest, the tube above being an @so-
phagus, and the sack in the centre a kind of sto-
mach. The changes which gradually take place
in this animal, and which are represented, Plate
XIIL, from A to F, were noticed, not by tracing one
and the same individual, bat by comparing the dif-
ferences between thosa which were successively
fished up from time to time, as it was impossibla
to trace for a long time the same animal, owing

to the fact of their dying away very rapidly.— |

Com paring various individuals, BMuller ascertained
that on the sides of the inner sac or stomach,
thers were little processes or cmcal appendages
nrmng lFla.:e XII, fig. B) from the side, which
Rrﬂr out of two sides of that cavity which he con-
gidered, s a stomach ; and these appendages grow-
ing more numerons, wonld form finally & bunch in
the centre, (Plate XII, ig C) consisting of about a
dozen of such rounded masses distinctly developed
from the sides of the stomach. Next there would
be (Plate XIL, fig. D) a regular arrangement of the
growing protuberances arising from five definite
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| ers from each of thess points, and from that time,

an indication of the starfish, forming within this
eurious stage, iz clearly notieed.

A regular star-fish has five beginning rays, en-
closed between those stems, developed from that
hollow organ which in the beginning is the simple

| sack in its inderior, with a wide opening on one
| end, which gradually disappears in the new ani-

| mal.
| opening at all ; what was was first considered as a

At this epoch the young animal has no

mouth is shut up (Plate XIL fig. C). After a cer-
tain time, however, upon one of the surfaces will
be found a new opening, (Plate XII fiz. E). The
rays are ‘advancing, growing longer by the ad-
dition of some new divisions in the mass ; and
growing larcer and longer, the rays would become
soon very prominent, and suckers like those of the
little star-fishes which I bave described, would
come out, when & real mouth is seen in the centre,
and no Indication as to what has become of the
curions tube first considersd as an msophagus,
(Fig. B). The sarrounding transparent frame has
been rédoced Lo a few processes, 1o a few append-
ages on the dorsal surface of the animal, (Fig. E).
They are afterwards still further reduced, only a
few remaining appended to the dorsal surface ; and
at last we have an animal entirely deprived of such
appendage, (Plate XII. fig. F). Ouot of such an

envelope will final'y grow an ophiora, (Plate XV}
[Prate XVI—

OPHITRA.]

an animal in which there is no indication of dorsal
appendages, a regolar star-fish, with slender cylin-
drical arms. It is easy to see how the central mass
is transformed into the star-fish, from the perlod
(Plate XII. fig. C) when the inner pouch has been
transformed into a spherical mass of globules.
But the whole series of changes can scarcely ba

| reconciled to what I have observed in the ebmmon

| star-fish of theseshores.

Perhaps there is somea
regemblance between the sac of volk of the atar-

| fish with its peduncle below (Pl ITT G2.A.p.13.) and

points, two and two, prejecting more than the oth- ¢

the so-called stomach esophagus and mouih of
the ophiura, (Plate XIL. A B). Perhaps instead
of being & stomach with an esophagus and mouth,
this inner mass is to be eonsidered as & yvolk with
apeduncle. But whether it be so0 or not, the dif-
ference is mnevertheless striking. The young
ophiara, when forming, is bere (Plate XII ) sur-
rounded by a peculiar frame, of which there is not
auy indication in my star-fish, (P1IV. fig. C, p. 13).
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Now I have been able to trace the eges of an
(yphinra which lived on this shore, and they, as well
af the voung star-flshes were free animals; and
alan ware observed during winter

Tha anestion is now, whether thera are not
among Fchinoderms, as among other low animals,
—thomgh the fact has not been traced by direct ob-
eervatinns—phenomena similar to what has been
ohserved among Jelly-fishes, where alternate gen-
erations take place,—where animals of a peeculiar
character are prodoced in one generation, from
which spring animals of another character, .and
generation afier generation alternately, the primi-
tiva types are reproduced.

That these must be some phenomenon of that

kind [ can scarcely doubt, when [ see other ani-
mals indieating a similar change, which has been |
also observed by Johannes Mualler, during sommer. |

Here is a framé similar to that of the little ophi- |
ura, containing within also & more opaque body,
with an opening below considered as & mouth, and
& connecting tube.

The external frame,also formed of a solid,gelati-
nous mass, in the interior of which there are calea-
rious nets,and on the edges of which there are again
vibratory ciliaall around these stems (Plate XI, fig.
A). And there are several groups of these vibra-
tory cilia in the form of creseent-shaped epanlettes

on the four corners of the animal. Here is a figure
of the same, (Piate XI, fig. B,) seen from above, |
We have in this being, the same arching appenda- |
ges which were noticed in Plate XII; but instead |
of giving rise in their connection to a projecting
centre, they form a more rounded wvanlt, from
which the elongated sticks hang down, diverging
somewhat. From the four corners, however, hang
down the four longest of these arms, and over the
arms of the corners are the fringed epaulettes; and
from one side two equally developed, between
which the mouth opens, an wsophagus and stom-
ach ocecurring in the centre, as in the voung Ophiua-
ra. After the interior mass has undergone some |
changes, you see, however, a very carlous differ-
ance, which distinguishes at once this animal from
the other; a dise, which is obgerved upon that spher-
ical mass, namely, (Plate X1, fig. B) the month--as |
it is ealled by Muller—still hanging underneath, as
geen in another figure at the same stage of growth,
but viewed in profile (Plate XL, fig. C), where the
spherical mass with its lower tube is placed verti-
cally, and where that new disc formed npon its
surface i8 placed obliguely on oneside of the up-
per portion. This dise has at this period five
gomewhat prominent tubercles upon its surface, as
is seen here (Plate X1, figs. C and B), which will
become more developed [Plate X[, figure D))
The dise will grow larger over what was formerly
the main mass, the appendages will he somewhat
reduced in their length, and also in the develop-
ment of their vibrating cilia. And from that time
in addition to this, the five tubercles will be elong-
ated into five tubes or sackers, (Plate XI. fig. T.) !

e T = ——
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[PraTe XI—Youxo Bes Unonixs. |

and there will be spines coming out between them,
the cesophagus and mouth being reduced and finally
dizappearing. At this period, the young animal con-
gists, therefore, of a circular disc upon a spberoidal
body,with elongated suckers coming out of its edge,
with spines between them ; but the suckers. instead
of being in pairs, as they are in the Ophiura, are
only five in number (Plate XI. fig. F.); the main
mass of the primitive sphere forms still a spherical
body under the shield, the shield itself bending over
the spherical mass (Plate XI. fiz. F). This disap-
pears, however, more and more, and at last there
is a little flattened, sea-urchin-like animal pro-
duoced, with at first five suckers, next with ten,
(Plate XI. fiz. G.) with large spines alternating
with them, the greater portion of the spherical
body remaining, nevertheless, soft, as there are nog
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there are as many large ohes as there are large
plates. The first of these pldtes,which are solidified
in Sea-Urchins, are those which surround the
mounth, and which form the outline of that opening
which is closed by a membrane,and in the centre of
which we reallv find the mouth in the perfect an-
imal. Above is formed the upper dise, consisting
chiefly of the plates, alternately larger and smaller,
through five of which the ovaries are discharged,
minute eves being placed in the five others.

The new plates of the sphere arc gradually form-
ed above the older omes, around the mouth, and
wherever additional plates are developed, they
arise higher and higher. In this way we see that
the young sea-urchins—the youhg Fchini—are
growing larger by the addition of plates between
those of the Wpper disc and those which surround
the mouth,

But what are those plates of the wpper disc?
The five smaller contain the eyes and stand above
the rows with pierced plates ; the five larger ones
give passage to the ovaries and stand above the
rows with imperforated plates.

Now in star-fishes we have similar eyes, colored
dots, at the extremity of the rays, {Plate IV. fig. A)
The plates which protect them (Plate IV. fig. B)
correspond therefore to the smaller perforated
plates, of the upper disc of Echini, (Plate XVIIL)
and the ovarial plates correspond to the angles be
tween the rays of star-fishes.

(PLATE XVIII--SurErRIoR Disc or SEA URCHINS, )

It is therefore no exaggeration when we say that
a star fish is a sphere stretched into a pentagonal
shape, and in which the eyes are carried out into
the rays; as there are holes opening between the
rays in their angles where the ovaries open. In
this, as well as in every other respect, the analogy
is most complete. Vice versa, we may say, that
Echini are swollen or spherical star-fishes, with
reduced raye ; and Holothuris animals of the same
structure drawn out into a worm-like tabular form.
It is really of some importance to be able to trace
this comparison in detail, a8 it will now at once
enable us to show that the analogy of the various
embryonic forms with the perfect animals is made
out sufficlently to afford the means of appreciating
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their relative positions in & nataral systern, by the
analogies which exist between the full grown ani-
mals of this class and the changes which they un-
dergo in their formation. Not only are the plates
increasing and the body enlarging, but also its form
is assuming peculiar modifications. From these
pentagonal forms it is transformed into a regular
star. The Sea-urchin with a flat dise, as we have
it here (Plate XI fiz. G.) is transformed into a
spherical body, scen here. {Plate X1 fig. B.)

[PLaTE VII[—8TAR FIsnEs |

The star-fish is also gradually transformed from
its outlines in Plate IV, into the perfect animal,
{Plate VIILI.} Itnow becomes an important poing
to be able to ascertain to what peculiar forms of
Sea-urchin those embryos belong,as we have among
the living ones some with the flattened disks, oth-
ers with a spherical form, and others with more
prominent elongated forms. Let us see what sort
of living forms we have among Sea-urchins. There
are some in which large plates alternate with very
small ones (Plate XIII fig. A) which are called Ci-
daris. There are others, in which the plates are
more numerpns, in which the rows of holes are
broader (Fig. B.} and in which the spines are small,
Echimus. There are others in which we have plates
still more numerons, (Fig. C ) the body more coni-
cal, the rows of holes being still larger, and the
spines reduced almost to little heads, Holopnenstes,
On the shores of the Northern Sea,where the above
described larva of Sea Urchins were observed,
there is no Echinoderm found belonging to the ge-
nus Cidaris, Nevertheless, yon will notice that
that young Sea-urchin of Plate XI fig. G. has re-
markably large spines, equalling nearly the whole
diameter of the animal, although in its perfect con-
dition it will have proportionally small ones. From
that very fact we can conciude that the Cidarls
stands lower than the Echinus; thongh it is asu-
ally considered a more elegant and higher form.—
This conclusion must be granted at once, when wer
congider the great disproportion in the size of the
spines in Cidaris. and the large plates for the spines
resembling the embryonic form of the Echinus,
that the genus Cidaris ranks lower than Echinuns.

In Holopneustes, (Plate XIII, fiz. C,) in whicls
tha rows of holes are wider still than in Echious,
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fpproximating thus to Holothurie, and the body
more elongatad. We have really a still higher de
gree of developement.

In the general classification of these animals, T
showed that the tobular form is the highest. as
is seen among the Holothuris (Plates XIV and V).

[PLaTE XIV—HOLOTHURIA.]

I might have shown theseapimals to remind you
of what are the species on_these shores, Here is
the common Five finger (Plate VIII, fiz. A). and
hera is the common Sea-urchin (Plate XIIL fig B)
a spherical body covered with spines, which may
assist us in comparing, better than simple dia-
grams, these animals with their embryonic states,
a4 illustrated before.

[Prate T—Coarora.l

Let us now also compare those embryonic forms
with the fossils of different geological epochs. How
the young Comatula {Plate I) casts off the stem, I
have already mentioned ; but il we consider its
embryonie form, it will compare most remarkably
with the fossils fignred bere (Plate XV). In other
instances, however, the fossil Crinoids do not even
resemble the young of those of our present epoch,
but belong altogether to peculiar types, as flzured
here (Plate XVII).

I have been’able to bring here a natural speci
men of one of these lily-like animals,in & most

[Prate XV—Foasrn Oriworns.]

periect state of preservalion, resting wpon lis swem,
which is composed of innnmerable plates articu-
lating together. Itis a Tentacrinus, from Wurt-
emberg, in Germany. The principal portion of the
animal, which is called its crown, divides into five
distinct rays, which are flattened down upon the
slab of stone upon which it rests, bat so well pre-
served that every one of the ramifications can be
distingushed, and the connexion of these branchea
upon the crown below are very distinet. (The
Frof. here showed & most splendid fossil, which ex-
eited great interest among the andience. Those in-
tarested in this branch of natoral history will find
the suhject carefally investigated in Agassiz and
Gould's Principles of Zoology.) I douht whether
thereis another specimen so perfect as this, and I
would invite you after the lecture to pass by it and
observa it.

The number of joints which allow the animal to
move and expand is enormons. (ne hundred and
fifty thousand have been computed in one of them
by Dr. Buckland ; in others, the number of joints
are fewer (Plate XV.), the crown remaining more
closed and the rays not dividing ¢o extensively,
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These animals which were extremely namerons
in former geological ages, agree in the mode of
growth of their plates, with the young of that star-
fish called Comatula, as it has been observed by
Thompson. This diagram (Plate I, fig A.) seems
to represent a large animal baot it is only highly
magnified, the natural size of it being only half an
inch long. Nevertheless we distingnish in it the
articulated stem with joints. We have the crown

above with its solid plates. We have the dividing | |
arm arising from {t. We have the smrrounding | |

tentacles contributing to seize its prey and bring it
to the mouth, and the movable tentacles or snck-
era along the inner side of the branched rays,
which this animal moves as the others use their
suckers. In addition to these, there are gradually
more tentacles coming ount, and the body grows
larger, tillit is freed from its stem in its perfect
condition. The star-fishes which do not rest upon
a 8fem and which do not branch, resemble less
those fossils than the typeg of them in which the
rays are more numerons and in which the rays
branch (Plate I, fig. B.) Buteven in common star-
fishes in their earliest condition (Plates IV, and X,
fig. A.), wehave an arrangement of the solid parts
which resemble more closely the arrangement of
the solid parts of Crinoids (Plate X, fig. B.) than
the arrangements of parts in the foll grown star-
fish (Plate VIIL, fig. A.) Compare the solid plate
in the young starfish with the solid plates of the
fullgrown animal. In the young wehave a star in
in which five large plates seem to altarnate with five
others, ten of them forming the principle mass of
the body.

[PLatE X—COMPARISON OF THE CALCAREOUS
Ner Works or Star FISsHES, WITH

THE SoLip PLaTes oF CrixN01DS.]

ot s

Il wetake the Pentacrions (Plate XV, fig. A) we
observe above the stem a crown, in which five large
plates, forming the cup, alternate with five smaller
ones. In Apiocrinus, the larger plates constitute a
hollow cup and above them alternating with them,
there are others (Plate XV, fig. B) upon which the
branching arms rest. In Encrinus crown and arms
are not so widely separated and seem to form still
an undivided cavity, as in the genera of Plate
XVIL. (Plate VII, fig. D). Everywhere the same
arrangement exists, so that on a diagram the same
drawing wonld answer for the crinoids and the
common star-fishes indiscriminately. Here
(Plate X, fig. A) is the central network of the
common star-fish, corresponding to the ‘stem of
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Pentacrinus, here the five plates which sarround
the mounth, and those alternating with them, will
form the five rays, and so on with successive little
plates in all the genera.

{PLATE VII—S8tAR Fremes—Crivo1Ds.)

In Plate X , tig. B, we bave the corresponding
parts in a diagram of & erinoid, answering precise-
ly in position, number, and mode of growth, the

solid frame of the starfishes. In all we find a plan
which is uniform, whether we observe such ani-
mals in which the young are provided with &
gtem, or those in which the stem does not appear
atall. Even if we go back to the young echini,
which seem to differ 5o much from the starfishes,
we have an identical number of primitive sncks
ers, namely, five, (Plate XI, fiz. F) which do not
give rise to a pentagonal body until the flattened
disc assumes a more spherical form (Fig. G). So
that there is a most intimate agreement between
the different growths of the embryo.

All these data npon the embryonic changes of
Echinoderms are very fragmentary, a8 I have al-
ready remarked ; nevertheless, with these incom-
plete series of observations, it can be shown,as [
think I have done, that these embryonic forms
agree intimately with those which oceupy a higher
rank in the class, and that they resembie also the
form of those which existed in former geological
Bges.

Wounld these data afford the means of now in-

-
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troducing a natural classification among these an-
imals ? is & further question which lays in my
plan; as these embryonic investigations were trac-
ed from the beginning with reference to the classi-
fication of the animal kingdom in relation to the
order of all types, when compared with the chang-
es which embryos nndergo.

Among Echinoderms the investigation of struc-
ture has already settled the classification to this
eXktent,that they have been divided into three fam-
ilies,Holothurians,the tnbular ones, Plates X1V & V,
& V; Echini the spherical ones, Plate XIII; and the
Asterians, (Plate VIIL} the star-shaped ones: bat
from this general arrangement there is still a con-
siderable distance to the perfect fixation of the or-
der of succession of genera in all their details, The
varions arrangements which have been proposed
have heen influenced by the varions states of ounr
knowledge. The improvements in the classifica-
tion of Echinoderms have been greatly advanced
by the knowledge of the OCrinoids, which are
universally placed in the lowest rank among those
animals, from their resemblafee to Polyps. When
their structure was ascertained,the knowledge thus
acquired, did not modify the position which was
assigned to them when not yet sufflciently known.
The knowledge of the change in the growth of one
Crinofd, the Comatula, has indeed influenced more
the classification than the knowledge of their sirue-
ture. The free star-fishes are placed next to the
Echini and above all the Holothuriz. Among Ech-
ini we have some in which the mouth is central
and the alimentary canal ends on the margin ; and
there are others in which the alimentary canal
ends on the two extremities of the body, as seen
here, (Flate VI fig. B.) thus forming a transition to
the worm-like form, they indeed begin to be re-
lated to the Holothurime (Plate XIV) and will rank
higher.

[PLATE VI—8EA UrcHINS.]

Structure and embryonic growth have satisfied us
thus far, But why should we not venture to go fur-
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ther,and make use of the order of succession of these
types, in order to ascertain all their relations ? Tha
Crinoids whieh have been deseribed as fossils, are
exceedingly nomerous. Here are fizored several
forms, to which I have not yet allnded. Plate
XVIIL, fig. C, is a genus called Caryoirinus. Here
is another, which occurs also in old strata, (Fig. B)
called Pentremites; and here (Fig. D) one which oe-
curs in deposites of the coal period, called Echino-
crinus.

In Plate XVII, fig. C, we have a spherical body,
like an Echinus,with a stem as in Crinoids, but the
plates are not yet ranged in regular rows (Fig. C),
but alternate irregnlarly ; there are not yet rows
for the pores distinetly circamseribed, but only at
irregular intervals, and few of them. This form,
as also the Sphoronites are the most primitive Cri-
noids, and they correspond somewhat in structure
to the earliest condition which we observe in Echi-
ni, and which we observe also in the youngest
stage of the star fish.

Here is one (Plate X VII, fig B) in which we have
a mere star-fish-like form; the sphere is in its fall
condition of development ; and here we have one
which would seem to be a common sea-urchin,
(Fig. D.) Buton comparing both (Plate XIIT, fig.
C) they are found widely different. In Echinus
(Plate XIIL fig. C) there are two rows of perfora-
ted and two of imperforated plates, whila in Echi-
nocrinus (Plate XVII, fig. D) there are four rows
of imperforated plates, and the animal is really u
crinoid, and not a sea-urchin. This (Fig. D) has a
stem : that (Plate XIII fig. C) has not. The Cri-
noids are found in ancient geological strata—in the
middle geological ages are those of (Plate VII).
Free Star-fishes. begin later in the geological for-
mations. The Comatula or free Crinoids are again
Inter (Plate I, fig A). The Echini appear long af-
ter the families of Crinoids and free star-fishes
have been introduced upon our globe. We have
not yet one of the spherical Echinoderms before
the deposition of the red stone or the Marchalkalk
of Germany. And those spherical Echini or Cida-~
ris are the earliest ones, (Plate VI, figs. D and E.)
Nextwe have such as have a central mouth, and
in which the alimentary canal ends laterally.

And at a later epoch those which have an elong-
ated body (Plate VI. fig. Bs) The first epoch in
which elongaled Echini appear is in the chalk de-
posit.

When there was not yet one free starfish, thera
were only Crinoids on earth. And what sort of
Crinoids had we? Not such as already resembled
common starfishes (Plate VIIL ), but which resem-
bled the lowest stage of growth of these animals,
when they are still withouat arms (Plate XI. fig. E.)
with irregnlar arrangement of their plates (Plate
XVIL fig. C.) Next we have such which assume
the shape of the star-fish, (Plate XVIL fig. B.) but
are stilll Crinoids resting on stems with few irregu-
lar plates, but in which holes are arranged in a re-
gular star above. And next we have Echinocrinus,
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developed before the young animal assumes forms
related to genera to which it can never be refor-
red. Indeed, the tadpole has all the peculiar ap-
pearances of batrachians with permanent gills, be-
fore & frog can be recognized ; it resembles sac-
cessively Menobranchus, Triton, and Menopoma,
before it loses its tail ; mﬁ a8 for toads, they have
wehbed feet, that is to say, they resemble another
genus, the frogs, before their fingers are entirely
separated, though the species can be recognized in
the distribation of colors long before.

(PraTe III—FroGS )

L] .
Professor Milne-Edwards, of the Jardin des
Plantes,hes proposed similar views, and indeed ex-
pressed in nearly the same words, his conviction
abount the gradation of the animal kingdom; but
not with reference to the development of zoologi-
cal characters, but with reference to the changes
which the animals undergo in their structure. He

.
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has referred his views more particularly to the
structure and the development of the functions of
enimal life; and from this circomstance his views
agree better to mature, when he says that those
organs are first developed which are more impfur-
tant to life. However, strictly speaking, it 18 not
ebsolutely troe. [Itis the nervous system which
we may consider as the organ most important to
life; and it is not the nervous system which becomes
first apparent inthe embryonic changes. The sys-
tems by which the body grows are developed be-
fore those by which it lives a higher life come into
play; so that, though in & general way. the organs
most important to existence are really developed
first, it cannot strictly besaid that they are the
higher organs which are developed first; and that
the special differences which characterise families
and genera should be engrafted as it were uapon &
fandamental plan.

My aim i3 an entirely differant one, as you may
have perceived from my first lecture. It is to show

| that in the real changes which animals undergo

during their embryonic growth, in those external
transformations as well a8 in those struciural mod-
ifications within the body, we have a natural scale
to measora the degree or the gradation of those
full grown animals which correspond in their ex-
ternal form and in their structure, to those various
degrees in the metamorphoses, and therefore to
make the metamorphoses of animals, as illustrated
by embryonic changes, areal foundation for zoolo-
gical classification. :

Let me only mention that on the whole, the high-
er families of the various classes of the animal king-
dom are distributed over the warmer parts of the
present surface of our globe, and that the lower
families are rather numerons in the milder and
eolder regions. Thus among mammaliz.the Mon-
keys are strictly circumscribed within the limits of
the growth of Palm trees; the large carnivorous
beasts prevail in the tropical regions; whilst the
sheep, goats, and oxen are natives of the temper-
ate zone; among reptiles,the crocodiles occur only
in the warmest countries; whilst the lower Batra-
chians, those with external gills or permanent tail,
extend even far north. There are, mevertheless.

finlt'arli:at* families which are also strictly tropical;
| such for instance as the Pachyderms, and to some

extent, the Edentata; but this fact has donbrless
reference to the early introduction of these fami-
lies in the plan of the creation, during a period
when the surface of our globe was warmer than it
is iu onr days; so that the location of their modern
representatives in the torrid zone. can be consid-
ered as merely determined by the peculiar adapta-
tion of their general plan of structure for warmer
climates, rather than related to the gradation of
the types, according to the present condition of the
distribution of heat upon our globe. The induce-
ment for their present location is mot their higher
structure, but their relation to eaclier types.

But now, I proceed to illustrate the history of
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anotber class, that of Meduse; the next among ra-
diata, whos2 embryoclogy we have to investigate.
But it is out of the question to understand the
changes which Medus#2 undergo,withont knowing
their strocture, and this strocture is not only very
complicared, buat it has been little studied and {s
still ohseure. I stand. therefore, with a very difi
eult task Dbefore me, and I ask your indulgence
upon this point.

Let me begin by polating out a few diagrams,
and saying & few words upon the figures before
you. ;

{Prate XIX—Youxe MEDUSE.)

(\M// té;_w 5

"\.‘A n, -.

Here (Plate XIX, fig's A B G) are outlines of &
family which has been described by Bars, the dis
tingnished Norwegian natoralist, as & pecaliar
polypuos, under the name of Scyphistoma. Here
(Fig. I} are other figures, which have been also
described by Sars as polypes, under the name of
Strobila. Here (Fig.J) is another free animal, de-
scribed under the name of Ephyra. And here
(Fig. M) is another, found en the shores of the At-
lantic, both in Furope and in the United States, in
the temperate zone, which belongs to the genus
meduse. As to the elass to which these various
animals belong, I may mention that the two ge-
nera, Strobila and Scryphistoma. were referred to
polypi, and the other two (Fig.J M) to jelly fish-
es, or Meduss, Now, gentlemen, it has been as.
certained within a few years, both by Sars and
Von Siebold, that all these figures arg the various
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stages of growth of one and the same animel.~
We have here (Plate XIX) the metamorphoses of
one and the same animal—changes which take
place in the growth of an egg. This (A) is an
egg.as it is laid by a Medosz. Here (Plate XX, A)

[Prate XX.—Porvri—CorYNE, SYNCORYNE,
PonoRorys.g )

we have a still more extraordinary structure
(syncoryna). You see these stems terminated by &
rosy colored head, from which tentacles, hali’ a
dozen or more, arise, and out of these various bo-
dies, a little tubercle here, & more prominent one
there, and another bell-shaped here, with tentacles
around its opening. Here i3 another form (Fig.
B} called Podocoryna, by Sars, from which va-
rious kinds of buds arise, which do not resemble
the primitive stem; also much larger buds, which
differ still more, and which are at a certain tima
freed and grow into other animals. Indeed, stems
of polypi, from which arise buds of medosse or
jelly-fishes, budding from polypi-like stems, be-
coming free and growing into a regnlar, simple,
isolated jelly-fish, like this (Plate XIX, N): this is
the case here, (Plate XX) a bud which grows inte
a jelly-fish. It is, however, out of the question,
that in its different stages of growth, an animal
could belong to various classes, or that an animal
of one class eould give rise by budding to animals
of another class. Therefore, it is perfectly obvions,
from the nature of these well authenticated facts,
that there has been a want of understanding of
these phenomena when they were first deseribed ;
and it was not until a few years ago, when Steer-
strupp found out the key to this astonishing com-
plication, by ascertaining that thers*ls an alter.
nation in the mude of reproduction of many ani-
mals, which takes place in different ways in the
animal kingdom. In some, there are eggs laid,
which eggs give rise to animals different from
their parents, and these in their turn give rise to
eegs, from which arise animals. similar to their
grandparents and different from their parents.—
In other cases, animals lay eges which go to form
individuals different from themselves, and these
individoals, by buddingor transverse division, pru-
duce forms which are freed, grow, and then're-
gemble the parent, by & complicated process of F’
metamorphoses. [
However, though Steerstrupp, for the first time, |
brought out these conclusions distinctly, he wes
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somewhat anticipated by Sars, by 8ir John Daly-
ell, and by a French naturalist, Da Jardin; though
they did notcarry oot their investigations to the
same purpose, yvet they led the way in the same
track. How these changes take place, willbe [
suppose better understood jf I begin by giving an
watline of the structure of these animeals, which it
has been possible for me to examine more com-
pletely than it had been done before; availing my-
#elf of several small epecies which live in Boston
* harbor. The large animals are not those which
ara best suited to such investigations ; when large
their bulk prevents their being examined nnder the
mlicroscope. Bat let the animal be small enough
%0 be placed entire under the microscope and you
get o general view of the structure ; and by apply-
ieg a higher power to the vaiious paris, you can
trace the details in such & way as to ascertain
maost completely their organization. Such was the
process by which I was enabled to discover in
these minnte medus:s, even the nervous system,
which hed been .only suspected, but not traced in
its distribution. And let me add, thet beside their
physiological interest, these animals are wonder-
ful in their aspect, and present the most autractive
sight which can be witnessed. Thelr transparent,
delicate bodies swimming freely in the water and
moving regularly by the contraction of their
whols mass—the elegance of their outling sand the
diversity of the appendages which hang down from
their globular body—or the suckers which rise from
_ the centre, and constitute other appendages from
the middle of the sphere—all these contribute to
make these animals wenderfully beautiful. An in-
creased Interest is felt when seelng at Irst scaveely
an outline, o transparent are they, and discovering
afterwards by the simplest process of examination,

congisting in modifying the light which passes from

the mirroraf the microscope throogh their body,
wll the differences of structure to easily overlook-
ed at first sight.

And again, they belong to a class'of which so
many are fransparent, or phosphorescent.that there
are endless indacements to investigate these ani-
mals. Here are various figures (Plates XXI, "I1,
YIL 'LV, 'V, "VL "VII} all representing Medusa.

Many of these fizures are of a hemispherical
form, as plate XX[; and this Torm (Plate XXVII,
figz. B) In the marzin of this form {(Plate
XXI, tig. A) you see we have two Kinds of appen-

[Prate XXI—Mepusz.]

[PraTe XXI[[—MEepUsa.]

dages, and you see (fig. 15) that there is a central
cavity, and that there are four bunches of a pecu-
liar character bere, the ovaries, (fg. C), and that
the lower surface presents varipus rays diverging
towards the edge. In another form, Beroe, [Plate
XXIT) we have a tabalar bedy with vertical rows
of vibrating cilin, and a wide opening below the
internal cavity, which iz more complicated than
that of the other types. Herais (Plate XX VI) an-
other, Agalmopsis, which is still more complicated,
from the diversity of all the appendages which
haog from the main stock; and here is another,

| which #s, if possible. still more complicated, and

has a very large vesicle above and numerons ten-
tacles hanging belaw. This animal (Plate XXIII)
is known to the sallors by the name of Portugese
Man-of-war. Natnralists call it Physalia. Others
are flat, eircular, or oval, with sevaral rows of sim-
ple appendages, as Velella, plate XXIV, and Por-
pita, plate XXV,
[PraTe XXIV—MEDUSA.]

Pyobessor Fscheefiol, who has shudled bhese
animals more extensively than any one else, has
divided them into thres groups—Cienophora, Dis.
cophora, and Physophora. Those which bave
these vesicles, by which they are suspended in the
water, are called Physophora. Thev are sll con-
gidered as simple animals, though their form is

" | extremely complicetcd. Here {s an axlarged £g-
r
f /
L - h-.i-r -



[PLate XXV—MEDUSA.]

ure (Plate XXVI) of ona of these animals, with
all various appendages—tentacles, suekers, gronps
of eggs, and all sorts of vesicles—forming one
glongated body, with fringes. It i= the Agalmopsia
of S8ars. Let us now see what i3 the stroctare of
these enimals. The internal cavity communicates
with' the exterier by & broad open mouatl, as you
gea in this sketch, or by bunches of tentacles which
terminate in little suckers, as yon observe in this
figure (Plate XXVIY, fig. B)—numerous suckera
hanging dewn from the central appendages and
forming as many mouths, a5 many openings com-
municating with the central cavity, as there are
such appendages. In another case (Plate XX VII
fig. A)we have simple little openings. or pores, up-

on the serface of the larger appendages, all direct-
ed inwards, nniting and combining to form larger
stems—fnally combining Inte fewer tubes and
empiying into & main cavity, and from that main
eavity branching off again imto- numerous tubes,

and dividing over the margin of the dise. Those

ramifications from the cemtral eavity towards the
sucface can be easily seen by holding the light in &
eertain angle before these animals in their living
eondition. And by injecting colored water, you
may fill them in all directions, and see that thers
is, as in plate XXVIL fig. A, a net work of veasels
ramified around the animal.

There are others, [Plate XIX, fig M.} in which
there are main stams, which divide®nto some few
more towards the margin, or unite again into a
eireolar canal sll aronnd the adge.

There are aven some in which the sontral eavity
[Plate XXVIIL} is very small, having only a little
seck &t the summitof along proboscis,which fethe
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month ; the little sack next divides lnto four tubes,
which then extend towards the edge, where they
unite again to form a cirenlar tebe. Linguids areg
consiantly circulated in these eavities. The food
Is digested within that cavity ard then circnlated
through the tabes, and in those which have only
minute pores as oral apertares, the food ¢an con-
sist only of mieroscopic animals, or of decomposed
organic maiters—in others which bave a larger
mouth, larger animals are introdnced. 1In the
small species of Boston harbor, [Plate XX VIL fig.
(.} which was first deseribed by Dr. Gould in his
Report npon Invertebrate Animals of Massachu-
setts, and which will be exceedingly common in a
a few weeks, I have seem this proboscis hanging
down and stretched three times the length which
you see here; and after it had swallowed some-
thing,and the food had been digested, the globules
arising from the digestion would be circonlated
throngh the tobes and would be seen nnder the mi-
croseops most plainly, diverging towards the mar-
gin of the sphere, there moving into the ecircalar
tubes, or perhaps even moving down into the ap-
pendages—those hanging arms which are hollow—
and again trace back their course into the circular
tubes ; some of the globules would disappear when
absorbed by the surface, but the remainder i8 cir-
culated forwards and backwards—to and fro—in
those tubes before disappearing entirely.

Such & structore can be considered the lowest
condition of &8 system of eirculation, which is as
the seme time a modification of the alimentary
tube, whera the stomach divides, and where the
divided stomach again unites inte vessels—into
common vessels, which branch in their torn. Here
we have the tubes uniting and then branching off
again, [Plate XXVIL fig A} but in Fig. C there is
& distinct mouth and proboscis.

The mass which forma the body im medusa is
transparent and cellolar. And then there are
distinet muscplar fibres of two kinds, eircalar
ones around the whole dise, and radiating ones,
which form distinct bundles diverging from the
eentre towards the periphery; in those medn-
ga which have four dimrnlgg alimentary tubes
the main radiating muscolar bondles alternate with
the tubes (Plate TXVIL fig. C.) All these muscular
bundles and the circolar fibres contraet alternate-
Iy, 80 that the body can be shortened or Suttened
in varions ways, end thus, throegh the agency of
these muoscles, the animal moves in all directions,
upwards, sideways and downwards, at will, That
these animals moved by contraction, had long been
observed ; but the existence of regularly arranged
muscelar fibres in the class of mednsm, was stilf
doubitfal. When Ehrenberg published his invesii-
pations npon the structure of the medoss of the
Northern Seas, thomgh he concloded that there
must be muscalar fibres, be eonld net discover &
regular, complete, muscular system. However, im
these small medus®, the muoscular ibres are largs
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encugh to be seen in the living animal, under a
power of a few hundred diameters.

Beside this. there is around the opper part of
the alimentary tube, a linear circle of another sub-
stance, from’which radiate four threads, following
the direction of the alimentary tubes, and ex-
tending towards the periphery, which reach there
the spherical, ecolored bodies, now generally con-
sidered as eye spechs, and uniting with each other,
form a circular thread all around the margin of

*the dise. This apparatns I consider to be the
nervous system. Its position is the same as in the
other radiated animals, a circle aronnd the alimen-
tary tube, with diverging rays, ending in the small
colored orgens which since discovery (Flate XIX,
fig. M) have been considered as Ehrenberg's eve
specks, similar to those which [ have already no-
ticed, at the end of the rays of star-fishes, and
upon the plates of Echinoderms. The fact of these
threads going to those spots (Plate XX VII, fiz. C),
leaves no doubt, in my mind, that it is a complete
radiating, nervous system, simlilar to that of star-

fisnes. So that the strocture of meduss, thongh

peculiar in itself, by the remarkable mode of dis- |

trilmtion of its inner cavity, which does not con-
stitute an alimentary canal proper, resembles al-
most entirely the structore of Echinoderms, and
eonstitutes one of the main classes among Hadiata
as Echinoderms do. The position of these ani-
mals was mentioned. They swim free, the mouth

downwarde, the sphers upwards; and this is al
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| ways the pusitfnnlwhinh' the Eehinodefms assume.

The Echini, Sea TUrchins, walk about, the mouth
downwards. Star-fishes walk about, the mouth
downwards. The Crinoids, however; stand up-
right, the mouth upwards, and this is the position
which the animals of the lowest class assume.

In all Polypl, the main body stands npon a stem,
the mouth upwards ; and we have also among Me-
dnsae [Plate XIX, figs. G & 1] a similar condition
during one period of growth.

When the young animals are fixed by the lower
portion of their body, the tentacles, or appendages,
which every whera hang downwards, steand here
upwards| so that yon see how remarkably the lower
types among Echinoderms resemble in this respect
the Polypi in thelr constant position, and how in
youth, Modosae, in that respect also sgree with
Polypi. There is a constant recurrence of charac*
ters from one of these <lasses to another. They ara
interwoven in a most remarkable manner,

All Jellysfishes ara generally conaidered as simple
animals; but [ am saci=ted that there are, on the
contrary, highly complicated ones amgng them.
The Physophora differ indeed widely from the
other Meduosa, by their diversified appendages, as
is shown by the struciures flgured on this diagram.
IPlates XXII[ and XXVI] Iam preparedto show
that these are compound animals, composed of
groups of individaals of diffeggnt kinds ; indeed,
compound animals aa wa find them among Polypi.

[PraTE XX VIII—HyprRA-CAMPANULARIA ]

Lu vrder to show that this is the case, let me il
lastrate in detail the metamorphoses of Medasms,
Let me also refer you to some Polypl, [Plaie
XXVII]) in which yon see how individihls areg
combined together, forming & compound stick.
Thoungh all these individuals are of different ages
and have been found sucecessively. they form living
colonies, as it were, of successive generationa, uni-
ted by material connections, which remain for life
—the new individuals not separating daring life.
In others, the successive buds may be more or less
different, and mevertheless remain anited in one
common colony, or a3 it were form & community
of individuals closely united, thongh differing in
age, size, form, and even in sexes. Sach is the
case At least in the Campanularia, figured Plate
XXVIIL But there are also among Polypi simple
ones, like this little Hydra, |Plate XXIX].

When allve the Medusa lays eggs, and the em-
bryos are hatched, these germs swim freely, and
then become attached. And the point by which
they become attached grows longer [PL XIX, Bl in
proportion ag the mass above Arows larger. ‘The
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[PLaTeE XXIX —A FreEsu Water PoLYPUS, WITH
A SIMPLE CAVITY AND A MOVEAPLE STEM.]

vibratory cicil’'a, by which they first moved, are
finally cast. There is a depression forming upon
the summits, and then two little horntlike appen.
dages grow out. [Fig. C.] They grow larger. [Fig.
D.] The tentacles grow longer, the depressions
still deeper, and then there is finally & central cav-
ity with four distinet tentacles. [Fig. E.] Then
there awill be a little Hydra like animal, with eight
tentacles, a centizl cavity, and & peduncle by
which it is attached. [Fig. F]

This i3 she first development of the germ of the
common meduse, the jelly fishes of this shore,
which gre known in Boston harbor under the
nameof san-fishes. When Itis grown somewhat
farger, 8 contraction takes place under the rows of
those tentacles, which have hecome more numer-
ous. In this siage of growth bads may also be
found. (Fig. H)
arise from buds on the sides of this simple stem,
and these new individoals may grow to a consid-
siderable size with the parent stalk before they
separate.  But at last they will separate, and grow
by themselves and form mew sticks. So that we
have here two modes of reproduction among me-
dusee; In the first place, from eggs, which grow
fnto polyp-like animals, (Plate XIX. fig. A—F) and
secondly, by bads which will produce new individ-
nals, (fig. H.] The bud being-separated from the
main body, will even form new eolonies, and so
on, (Fig. H.) At first these bnds differ somewhat
from the parent stock, but soon assumea the same
character, differing slightly when they are finally
freed.

Mew individuals may thus |
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There are animals in which the successive buds
differ munech more. There are in this (Plate XX VIII)
Campanularia, as it is called, buds which give risa
to animals with large tentatles, and there are othe
ers with shorter tentacles, and there are even
others of a differentty pe; so that the varions buds
which grow from ona stock may differ widely
and yet be buds of ona and the same stock.—
Here, in the young Medosee (Plate XIX) we sca
that only one kind of buds arise—but there Has
been still another mode of reprodoction and multis
plication observed in the same animal (Plate XIX,
fiz. [). The stem, on growing longer and higher,
(Fig. G ) will begin to divide by transverse contrac-
tions into articulations. There are at first, simple
folds noticed in the skin, scarcely deepened to any
extent, but gradually growing deeper and deeper,
s0 that at last it seems as if a pile of discs were
heaped upon each other, (Plate XIX, fig. L) the
lower part of which is & simple stem, a8 in Fig. G,
and the apper part, still consisting of a row of ap-
pendages as they have grown upon the summit of
this little Polvp and Serrate (Figs H and G). Next,
the edges of the discs begin to be fringed, (Fig. I,)
the cut growing deeper and deeper, these serra-
tures assnme = regular form, and the contraction
growing successively deeper and deeper, thosae ser-
rated discs, almost separated from each other,form
a pile of loose discs simply connected by & central
axis. And as soon asthe Polyp has divided into
this series of discs, the upper tentacles, that is to
say, the tentacles of the primivite Polyp, with tha
upper dise, die away. What formed first the prin-
cipal part of the growing animal, dies away, ex-
cept the basal avtachment,which remains; and next,
in the remaining pile, the uppermost dise frees i«
gelf from the pile and begins toswim. But tho
moment it is free it assumes an inverted position,
(Fig. K) ; those ringes which were upwards, now
are turped downwards. The inner surface, which
was first upward, is now downward also. In this
way, a series of these serrated discs (Fig. L) are
successively frecd from a primitively undivided
stem, by gradual transverse articalations, to form
A5 MAany imiepemlent individuals (Fig. T), which
after all can be traced to one single egg.

There are finally quite a number of individuals
formed, which have arisen simply by transverse
division, and by the successive modifications
which each of these discs has undergone. And,
after freeing themselves, the Ephyre, as they ara
ealled, (Fig. J M) will undergo sach changes as to
asspme those stroctural peculiarities which chars
acterise the perfect Medusss. The tnbe will be-
come hollow. The cavity will enlarge, and that
will have its tubes, branching into the disc by va-
rious canals, (Fig. M ] Those eanals will cireulata
finid around the dise, and finally the complicated .
structure of Medusa (Plate XIX. Fig. M.} is pro- .
duaced by the addition of fringes on the edge ; and
the growth of processes on the side of the stomach
which give rise to the egg, the egge always hang-
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[PraTe XXXIV -VERETILLUM. |

We haye bere dingrame (oue of which, Veretils
lum, is given in Plate XXXIV) of the principal
groups of this class; and indeed there is scarcely
one family of Polypes of which these diegrams do
not represent some species.  The Corals are among
thoge which have from the beginning been consid-
eréd as & type belonging to the class of Polypi—
And various species are represented here; among
them are stems, branching and supporting soft lit-
tle animals, which eome out like flowers.

The variety of these beings is snch that indeed
they rival, by their glorious colors and wvariety of
form, the most brilliant Bowers of the dry lapd.—
Such as this Actinia are common on these shores,
and have also universally been considered as Poly-
ol ever since these beings have been combined
into one class, and have been separated from the
vegetable kingdom.

It would carry me too far if [ were to give now
the full history of the knowledge successively ac
quired upon these animals, and to refer to those
views of these beings which were entertained by
natwralists at the time when some were sepposed
%0 be simple mineral coneretions, and athers wera
condidered a3 marine flowering plantss the ani-
mals npon the stems being mistaken for flowers,
and the stems compared to the stems of plants.

Dut after it was ascertained that there were con-
tractions taking place in the soft parts, that there
was an internal cavity iats which food was intro-
dueced and digested, no doabt eould remain asto
the animal natare of these beings; and all small
animals whose upper opewing is surrounded by
tentacles, end which are grouped together upon
A common stem, were at once referred to that class.
And gome simple animals, like the Actinia, were
also referred to the same class, being considered
as isolated forms of the same character. But we
see upon the foflowing Plate {Plate XXXVI)
wne of these coral like stems, (Relepora) with mi-
nute openings, in which numerous animals are
contaiped, whose structare has been investigated
by MM. Andouin and Milne-Edwards, and has
been found to differ so materially from that of
Polypi, that this type, of which there arve varfons
forms, is now generally 'considered as belonging
te the great division of Mollusca, almmmar
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[Prate XXXVI—-Reteronrs |

e

| are compoond Bnimals.  All the invesugatoms
which have followed since this snggestion was
first made, have only gone to confirm the view,
that these porous animals do not belong to the
class of Polypi, but to & higher type, and indeed
resemble in some respects even the oysters, the
clams, and still more the compound ascidis,in
whose vicinity they willin all probability be placed
forever, showing that compound animals may be-
long to all great groups of the animal kingdom,
and even ocour a5 anomalies among mammalia,
in the shape of twins.

[Prate XXXI—Arcroxiuym axp ReNTLoa |

Ublh.‘]' AIRErnins ngpresgill varivus oLluer I}'I..Iﬂﬂq
Here, (P1.30) for instance, the beauntifal Tubularis
are sean forming most beantifnl flower-like animals
uniting in bouguets wpon the old logs and swim-
ming lumber which are fastened in the water.

Two species of this kind are very common

around the city of Boston. One (Plate XXX, fig.
G} with a larger crown, oceurs in great abundance
upon the logs in Craigie’s bathing house; another
smeller species 18 found almost everywhere upon
old logs. The larger is about two or three inches
high, and the crown, when fully expanded, about
ona inch in diameter.

Thizs diagram, (Plate XXXI[, fig. A) represents
| another still undescribed species, with compound
stems, from Boston harbor, belonging to the fam-
ily of Aleyonium, in which every one of the indi-
viduals terminates with a star of cight fringed ap-
pendages or tentacles (fig. B). The most curions,
however, is this one (fiz. C), a Renilla, which I
collected in Charleston, 8, C.—an animal with &
goft body of a hollow stem, sticking in the wet
sand, with & large disc, spreading above whichs
gseen from below, shows lateral dilations, from
whick, apon the upper serface, arise a grest many
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Prare XXX—TrnULARIE.]

1s0luied Live Hower-like Poly pes (g, ), of which
one is figured {fig. D) upon & larger scale, showing
that the tentacles, eight in nnmber, ara also fringed
like those Alcyoninm, being regularly arranged in
thraa pairs upon the two sides of the elongated
mouth, a seventlr and eighth tentacle being in the
prolongation of the oral apertore. This animal is
of a beantiful purplish color, emitting in the dark
a most wonderful, soft, greenish-golden phosphor-
escent light.

There i3 another type of Polypi very common
on the shoies of Massachusetts and farther South,
the Actinia, of which one species (Actinia Margi-
nata, plate XX, D) is found wpon logs along the
wharves in Boston harbor and npou the rocks at
Nabant, in great nambers. They are isolated ani-
mals, growing to a comparatively larger size than
the other Polypi; remarkable for their extraordi-
nary contractility, the body assuming constantly
new forms and new positions; now entirely drawn
out in the shape of an elongated tube with a circle
of tentacles around the fres extremdity, (Fig. I¥)
then the temtacles risiog and falling, or shutting
in and expanding ; next shortened and contracted
with the tentacles closed (Fig. E); or the external
envelope entirely shut over the inner part, resum-
ing then & hemispheric shape, like ronnd tobercloa
sticking to the ground hy their fleshy base. The
variations of color are a5 numerous as the changes
of form; apon the same spot may be seen brown
ones, and others dark brown or blackish, yellow-
ish, porple, salmon, rose-eolored and more or less
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mottled, the tentacles presenmting siternations of
dark and lighter rings, or at least having their
tips differently colored than the lower part.

That Veleila and Porpita, now generally ar-
ranged among Jelly-fishes,will have to be removed
from the class of Acalephm and placed side by
side with the Actinia, will not escape the attention
of those who are familiar with those animals.

Recently, the Polypl have again been extensive-
ly investigated by Prof. Milne-Edwards, whose
name is always to be mentioned when spesking of
the lower animals, as scarcely any one has dene
more than he has in thelr Investigation. Ehren-
burg has also largely contribnted to omar knowl-
edge of the Polypl. Buat no cne has done more Lo
illustrate their natural history than M James
Dana, of New Haven, Conn., whe accompanied the
exploring expedition nnder Capt. Wilkes, and whe
has published the most elaborate work upon this
subject which has ever issuned from the press.” &
work, indeed, which will remain a standard of au-
thority imrthis department for many years to eomea. -

The embryonic growth of these animals has
been studied almost exelusively by Nateralists
living in countries whieh have been warting in
facilities for investigation, and are deprived of
privileges which Naturalists have enjoyed in other
parts of the world, where the animal kingdom is
more Ilnxuriantly developed.

It is on the shores of Norway and 8weden that
the most important investigations npon the em-
bryonic growth of these animals have been made.
There, where the observer is neither attracted by
the variety of animals, nor by the possilality of
discovering easily new species, the interest of the
sobject has drawn them into o deeper and more
thorough channel of investigation, which has en-
dowed science with a more extensive acquaintance
with all the difference of stroctore which is shown
by the animals of those shores. And, indeed. far
from considering it an advantage to be placed
upon & shore where new treasurcs are throwm
abundantly into the hands of investigators, T think
it is, on the contrary, an nohappy indacement for
observers to devote their whole attention to the
multiplication of specifiz distinetions, withone al-
lowing time for the more important and more ex-
tensive investigation of the physiologieal phenom-
ena attending the life—ettending the development
of those beings.

The struciure of the Folypt can be best exem-
plified in the Actinia (Plate XX, fig. D) as they
are among the largest, and as they are now more
extensively illustrated than any other type of the
class has been before. And what I have to say
of these animals will be scarcely more than a
repotition of what Dr. Jeffries Wyman has pub-
lished in the work of Mr. Dans, already mention-
ed; some few observations only, the resalt of my
own investigations, having been added to his,
since the publication of that work. The body is
of rather large size for a Polype, measuring fromn
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IPLaTeE XX—Poryrr AcTiNLE, CORYNE, SYX-
CORYNE, Ponocoran=.]

one to several inches in length when fully ex-
panded ; it consists of a membranous sac, as in all
Polypi, with numerous tentacles round the upper
extremity, and contains within, another sac, open-
ing above between the several rows of tentacles.

[FratE XXXI[I—PoLyPr—AcTINIE.]

In tbis drawing | Piate XXXIL fig. B) you notice
the whole structure in & vertical section of the an-
imal, in which the relations between the different
parts and their interior cavities are at once seen.
You notice the external walls of the animal, and
the rows of tentacles forming the npper outline.
And from the centre, where there is a large open-
ing which must be considered as the mouth, hangs
down a thin sac, suspended within the cavity form-
ed by the external arms and the surrounding thick
envelop of the body. ,

This sac Is a stomach ; it is maintained in its po-
sition by internal radiating membranes, extending
all around the mouth and stomach and uniting with
the external envelop so as to divide the intervem-
ing space into many chambers. There are also
shorter folds which penetrate from the external
walls towards the centre, 8o that the space between
the stomach and the lateral walls is not ona con-
tinnous cavity, nor uniformly divided into equal
chambers, but it is a cavity divided and subdivided
into wider and narrower spaces by partitions which
extend either entirely across the eavity surround-
ing the stomach, or only partly into it, thus form-
ing imperfect chembers; all the them, however,
remaining connected by the open space which is
left free of divisions below the stomach. Here is
a diagram [Plate XXXII fig. A.] in which the ani-
mal is represented as divided horizontally, and in
this horizontal section youw see the cavity of the
stomach forming one great whole in the centre
gnd the partitions which extend from the external
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walls towards the centre either reaching the walls
of the stomach or not, from the intervening septa.
But these are notall equal. There are some of the
partitions which reach half way towards the stom-
ach—others which reach two-thirds of the way—
and others still which reach most of the distance,
Below [Plate XXXII fig. B.] we sce them as they
present themselves npon a vertical cut. From the
external surface something of those partitions is
already seen. The vertical strize noticed [Plate
XX fig. I? ]| are the external points of attachment
of the fleshy partitions upon the external envelop
of the whole body, and they extend high up into
the margin from which the tentacles arise. And
indeed on close examination it will be seen that
one tentacle arises always between two partitions ;
g0 that a tentacle is, ag it were, a radiating prolon-
gation of the main cavity of the body, extending
like the finger of a glove from each of the divided
spaces upwards. You see this {Plate XXXII fig.
B.] where the tentacles show plainly their connec-
tion with the main eavity, and where the divisions
are a5 numorous as the tentacles.

These partitions are muscular fibres, and by thelr
contraciions they can shorten the animal. Suap-
pose these vertical partitions to be at once contrae-
ted, the animal, instead of forming a vertical eylin-
der, becomes depressed. [Plate XX fig. E| And
a8 there are muscular fibres aroand the whole
body, the tentacles can be drawn in, and the upper
fibres, contracting more and more, may entirely
conceal the tentacles and form -such hemi-spheri-
cal bodies as are observed in these diagrams.—
[Plate XX fig. G.1

Between these partitions, by very carefal investi
gation, small holes can be discovered, arranged in
vertical series (Ag. D). The use of these tubes is
not vet fully ascertained. I shall have an oppor-
tunity to refer to them again,

But I would mention, farther, that the mouth
(Plate XX , fig. F) is not a simple circular hole on
the summit of the animal, but presenis lateral
folds npon a longitudinal fissure. At first sight,

when seen from above, the inner membrane of the
Actinia stretched betweeh the tentacles seams to
form a circolar mouth (Plate XXXIII, fig. A); but
on close examination, it will be noticed that itis
[Prate XXXIIL-Poryri—Youne AcTINLE.]










[Prate XXXV—DBopnivc oF CAMPANULARIA.]

after having continued free for a certain time, they
become attached, and then the whole mass is de-
pressed and enlarged into a dise-like body, the
centre of which is somewhat prominent; rises:
then more and more, and begins to be transformed
into a little stem ; and this little stem will open
above, and form a termination, like that of the
common buds of Campanularie (Plate XXVIIL)
that is to say, an animal with an internal eavity.—
We have thus again a beginning of one of those
complicated stems, which, by the mualtiplication of
their buds, form communities of animals, of two
kinds, viz: such as are individuals similar to
the animal at the end of the main stem, and
others from which a free generation is produced,
and which, after remaining free for a certain time,
£0 on to repeat the same process of branching and
budding.

In the Tubularie (Plate XXX, fig. A) we have a
similar growth. One of these bunches of eggs,
when examined in its immatare condition—in its
earliest formation, (Plate XXX, fig. F)—is simply
a branch with lateral buds, and the digestive cav-
ity communicates freely with all these little buds,
But their interior mass assumes gradually & more
rounded form, and is successively enclosed in the
external mass, which will enlarge, and then there
will be finally isolated eggs developed, in the form
of bunches, when upon the summit of every one
of them a distinct animal envelop is formed,
which extends downwards upon the yolk—as the
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internal mass can be considered as a yolk—and
after it has grown so a3 to appear like 2 cup, with
tentacle-like appendages, the licttle animal is freed,
and has a structure like the vonng Medusa, az it
is figured from a Campannolaria, in Plate XXXV,
figures T, P and (). The whole precess of budding
in this animal is shown in flgores A, B, C, &e.,
(Plate XXXV)—first, the changes which regular
common buds nndergo in their development, and
next, (Fig. E to G), the changes of the eggs prop-
er, with their animal envelop surronnding the
volk, and finally dividing into tentacle-like appen-
dages below. The internal cavity being formed
by the changes which the remmnant of the yolk
undergoes. The young animals which are derlved
in this way in Tubulariz and Cempanularis, from
egg bunches, are so similar to the free buds from
Coryn&, Podocoryn® and Syncoryns,(Plate XX,
fizcures A, B and C), that their analogy cannot be
mistaken. This resemblance can even be recog-
nized in stages of growth not forther advanced
than these, (Plate XXXV, figs. T, P, Q). Soma
Medns® occarring on these shores—for instance
the genus Stomabrachinm—have a very close re-
semblance to those germs of the Campanularize
(Plate XXVIII), and Medusa, with only four arms
and four inbes diverging from the central cavity,
with fringes all round: and I should not be sur-
prised at all, if Stomabrachium was finally found
to bie the free Mednsm-like generation of Campa-
nulari@. Buat now as the affinity between all these
Polypi (Plate XX, XXVIII[ and XXXV) and the
Tubularize (Plate XXX) is very clearly shown,
and as on that account these animale are all con-
sidered as belonging to the class of Polypi, though
they give rise to animals so closely allied to Meda-
sm, the question arises bow far Tobularize itself
can be considered as strictly belonging to the class
of Polypi, or whether it would not be more nat-
aral to view it as a type of Medusm, farnished
with a permanent stem.

The only objection to this is, that trune Meduss
are not formed in the sama way as Medusm like
free buds of Coryne, Podocoryne and Syncoryne
(Plate XX.) These have arisen from buds grow-
ing upon Polypi-like stems, though they are final-
Iy Meduse-like animals; whilst true Meduoss are
multiplied by transverse division of Polypi-like
stems, which can have no inflaence upon our ap-
preciation of their realstroeture; so that the ques-
tion properly is, whether there can be real Medusse
with & stem, or not. We have, therefore, in this
stage of the investigation, before deciding one way
or another, to ‘compare the true Meduse (Plate
XXXVIIand Plate XXVIII, fig. C) with those
Polypl, the Tubularia, (Plate XXX) when it will
be seen that their structure agrees in every respect
but that one, that the Tubularia, with its erown,
rests upon & Stem, whilst Meduoss proper are en-
tirely free. The great difference there seems to be
in the forms of these animals is more apparent
than real, tha cavity which hangs helow the tem-
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tacles corresponding to the central alimentary
tube of the BMedussm, which is only drawn in be-
tween the gelatinous walls of the dise, thoogh it
remains equally free as in Tubalaria. The upper
cavity of Tubularia answers to the dise of Medusme
proper with its cavities; and in both the ovaries
are outside of the alimentary cavity, as well as of
the main cavity of the body Indeed, the agree-
ment s perfect in every respect, and we must
come to the conclosion that from their structure
Meduose and Tubularisz must belong to the same
class, Tubularia being Medos® with a stem, and
bearing the same relation to free Meduss, as cri-
noids bear to free starfishes. - And 30 we have in
the class of Medusa attached types, as well as in
that of Echinoderms, and in that of Polypi.

In & more general point of view, we may, how-
ever, compare farther, all radiated animals, when
we shall find that they really constitute a natural,
well eircumseribed group in the animal kingdom
agreeing in all important points of their structure
being strictly constructed upon the same plan, al-
though the three classes which we refer to this
great department differ in the manner in which
the plan is carried onot. In the first place, [ may
mention that besides Polypi, Medusse and Echi-
noderms, the other classes which were referred to
the type of Radiata, bave been removed from it,
or aré to be removed from this connection. The
intestinal worms indeed are traly articulated ani-
mals in their fandamental plan of structure, and
have to be " connected with the worms proper,
while the Infusoria, Polygastrica and Rotatoria
are very heterogencous classes, the latter of which
has to be united with the Crustacea and the so-
called Polygastriea, to be divided off according to
their varions stroctures, some being germs of
afuatic plants, and others the first stages of growth
ol varions worms, as [ have ascertained by direct
observation. As for the classes of Polypi, Medusa
and Echinoderms, if we bring together the dia-
grams (Plate XXXII) representing an Actinia in
a vertical section, with that of Plate XXXVII,
which represents a similar section of a Meduswe,

[PraTE XXX VII—MEDUsA.]

and othier illustrations of Echinoderms exhibited
In & former lecture, and the vertical section of an
Echinarachnins, we shall have the elements
(Plate XXXVIII, fig. E) of a closer comparison be-
tween the three classes. If we were indeed to in-
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vert the Polype and place it with the mouth
downwards, as it is natorally In free Medusas,
we could see at once that in the Polypus we

[Prare XXXVIIT=FEoamcarscmeaims ] L
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dusae. There being & separate alimentary eavity
and a common cavity of the body only in Medun-
sm, [Plate XXXVID) the anterior part of the all-
mentary cavity hangs down with the mouth freely
from the walls of the body. This part of the ali-
mentary canal answers to the cavity of Actinia
(Plate XXXII, ig B) which is called stomach, and
from the npper part of the Actinia, in its inverted
position, arise those partitions which end in ten-
tacles answering to the disc of Medosm, with its
eavity, branching into similar tentacles.

We have also again a common cavity in Meda-
s [Plate XXXVIIL), as well as in Actiniz, only
more circumscribed, and branching off into tubes
which communicates Insimilar mannerwith the ten-
tacles, 5o thatthe general arrangement is perfectly
identical. The difference is, however, this—that in
Medusse the tubes arising from the central cavity
are circomseribed, while in the Actinim (Plate
XXXII fig. B) they are only partitions communi-
cating all together. And in the Medusm (Plate
XXXVIL) thereis a distinet nervous system. I
suspect that in Polypes we should find the nervous
system in the same position asa ring round the
month, if it is at all distinet in those animals ; that
however eye-like specks have been noticed, even
in these lowest animals, I have already mentioned.

As for the ovaries of the Meduse (Plate XXXVIIL), _
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they arise externally from the lower or central ca-
vities of the alimentary canal, and are surrounded
by the dise, which contains the main cavity of the
body, and from the periphery of which the tenta-
cles hang down, 8o that here the ovaries are out-
gide of the stomach, and outside of the main cav-

ity, as in Tubnlarie,—and not within the common

cavity, as in Polypi.

Now in order to insist more strongly upon the
fundamental diferencas which exizt between Polypi
and Meduosm, even if we inclnde Tunbularie among
the latter, let me once more call your attention to
the Tubunlaria (Plate XXX, fig. A}). We have here
a mouth, with the anterior alimentary cavity,
which will assume gll possible shapes, a3 we see in
these warions diagrams, hanging outside of the
common cavity, and not within it, as in Polypi.
We see those bunches of eges, arising below the
tentacles, between the lentacles and the anterior
alimentary cavity, also ountside of the alimentary
cavity, the central cavity extending abowve, so that
the analogy is perfect in every respect.

And as we have in the Coryne, Syncoryne and
Podocorynas buds, which, though growing from
Polype-like animals, will produce real Medusm,
their ¢lose resemblance to Tubularie will only be
an additional evidence that these must be referred
to tha ciassa of Jelly-fishes, and that the eciub-
shaped Polypi, in their perfect conditlon, are also
Meduss, and that their earlier stages of growth

are only nurses to produce real Medu<@ by alter- |

nate generation. The Tubularie themselves will
have, however, to be considered a= the lowest
type of Medusm, preserving something of the Po-
Iype strocture, as they are for life provided with a
stem, from which the crown hangs down. And
from this stem wonld arise bads similar to the ter-
minal animal (Plate XXX, fig. G) which would
remain connected with the stem, thus forming
branched compound Meduos®. And if this ground
be correct, not only Tabalaria, but also Campanu-
laria and Sertularia shall be anited with Corynee,
Syncorvoe and Podocoryns in the class of Meda-
gm. Thus circamscribed, the class of Medusm
wounld present the most remarkable parallelism
with the class of Echinoderms and that of Polypi,
in both of which there are free types and such
as rest upon attached stems, a parallelism
upon which Oker has already insisted, in & general
way, is his classification of the animal kingdom.

To investigate further this suhjact. there is a rich
field in this yicinity, whera animals, Tubularia,
Compannlaria and Sertularia, occur all around the
shores of Massachusetts.

Again, if my conjecture of the necessity of com-
bining these Tubularia with Medusa is correet, [
venture to foretell, that among those small gpecies
of this class, which are foundon this shore, we
have the Medusa-hke form of the Coryna, in the
little Oceania of Dr. Gould's Report, whose struc-
ture is illustrated in Plate XXVIIT, Ag. C.,as I have
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ascertained by dredging, that Corvna gecurs in
Bosaton and harbor.

That Coryna has been found so seldom is bes
canse it lives in deep water, and Is not discovered
unless hy dredging. ‘

I. shonld not be surprised at all to find also
Stomabrachium, as the Meduasa-form of Campans
ularia, which occur all over the shores of this con-
tinent, and that Bongainvillia could be the Medusa
of Tubularia, if they produce at all a free gencras
tion, seems to be probahle, when we consider the
form of its crown. (Plate XXX., fiz. A

As for the gradation of typesin the class of Me-
duosa, we should consider the Tabulariee as the
lowest, for the reasons already stated. Wext we
should place the free compound Medusee, the Phy-
sophora of Eschscholtz, which correspond to the
next stage of growth of Medusa, known onder the
name of Strobila.

[PraTe XXVI—MEDUSA[

Next we shoald place the free Medusse or Disco-
phora of Eschscholiz, and highest the Ctenophora,
as by their comb-like rows of fringes, which may
be considered as a lower form of Ambnlacra, they
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come nearest to the Echinoderms. This arrange
ment, which is natural in itself, wounld show the
most admirable agreement between classifieation
~and the phases of embryonic growth in this class,
and also becanse they come nearest to the first stace
of growth of the common Medusa. [Plate XIV
and XIX ]

[Bee Prates XIV Lecrure 3, axp X[X Lec
TURE 4 t
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The analogy again between Meduse and Echi-
noderms is too easily ascertained to ba ever mista-
ken by any one who attempts to compare them in
the same close manner. The chief difference here
consists in the more developed inner structure of
Echinoderms, whose organs are more diversified
and isolated, and in the harder coverings which
protect the soft parts, besides the addition of some
gpecial apparatus which do not occar in the two

‘lower classes of Badiata.

The improvements which I anticipate in the class
* of Polypi are fewer, after removing the Retepora
and alied types, to the great groups of Mollusea
and the Tubularize to the class of Medusa. We
ghall only introduce the Porpite and Velella in the
vicinity of Actinis,and then, as Mr. Dang has done,

b
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divide the Polypl proper in Actinoids and Alsgon-
oids, the former division embracing those with
simple tentacles, as Actinie, (Plate XX fiz. D.) the
latter those with fringed tantacles as Alegorium
and Renilia. (Plate XXXL)

All the stone corals proper belong to the type of
Actinia, and npon a close comparison of the struc-
ture of this animal with the ancient fossil Cyntho-
phyllum-like Polypi of palmofoie rocks, some for-
ther hints may be derived as to the order of suc
cession of Polypl in geological times, which is at
present wvery little understood. How the caleare-
ous stem is formed in Polyps, can be perhaps no-
where better studied than in the little Aleyoninm
(Pate XXXI, figs. A, B,) of Boston harbor, where
caleareous nets and spicules are deposited in regu-
lar groups below and within the base of the tenta-
eles, and at the opposite extremities of the animal,
between which the muscular fibres are attached.—
There i3, moreover, & pecaliarity in the structure
of Polypl, which can be easily observed in the
Ranella. (Plate XXXI, fig. E.) Inthis Polype the
month has an elongaied form, and there is one
tentacle in advance amd one behind this opening,
in the longitadinal diameter of that fissore.

Under the form of radiated animals we have, in-
deed, through theclasses of Echinoderms, Mednsm
and Polypl, every where indications of a bilateral
symmetry, concealed under the more prominent
outlines of a radiated arrangement of the parts.—
We have really among Radiata the first indica-
tions of the general bilateral symmetry which pre=
vails wniversally thronghout the animal kingdom,
even in the class of Polypi. (Plare XXXIIL fig.
A.) In Aectinia, the lowest condition, this bilateral
svmmetry is noticed in the longitudinal direction
of the moath, (Plate XX, fiz. ¥) and in the ar-
rangement of the first formed tentacles, of which
one i seen always in the same digsmeter with the
motith, whilst the other tentacles are placed in
two pairs on each side, (Plate XXXIII, fig. H)
which is pecaliar in such species. We have also
indications of a hilateral arrangement in those
Medusa in which the body is compressed laterally
and more or less oblong, as in Beroe, Cestum, &c.
whaore one diameter is much longer than the other,
We have it still further in the division of the ten-
taclas hanging down from the mouth in the com-
mon Medusw, in which there is frequently one
tentacle more developed than the others. That
Echinoderms are regularly bilateral under their
gpherieal forms, I have already shown, fifteen
years sgo, when I first ascertained that the Ma-
dreporia bodies lie always symmetrically between
two of their rays in the longitudinal axis, which ia
parallel to the direction of the alimentary canal,
as it extends towards the elongated extremities of
the higher types of that class.

Another peculiar arrangement which is commaon
to the Radiata, is the existence of water tubes, es-
tablishing a permanent connexion between the
sarroonding element and the internal cavity of
the body. Inthe Medus= (Plate XXVII, figs. A
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I row proceed 1o examine the great group of the
animal kingdom, which Naturalists bave desig-
nated under the name of Articulata. These ani-
mals are remarkable for one peculiar feature of
their strueture: the body consisting of a seriea of
joints moveable upon each other, to which are fre-
quently added moveable appendages, sometimes
subdivided into joints, which sre moveable also.
This is the common character of all Articulata,
and upon Plates IV, V, VI, VIL IX, X and X1 youn
see varions forms of this great type.

[PLaTE IV—RaT-TaTLED Waonws |

The Artienlata have been divided into three
classes : Cruslecsa, as crabs, lobsters and all the
animals like them; fasects, as butterfiies, beetles,
flies; and Worms, the worms which live free in
the water or in the soil, and also the parasitic and
intestinal worms.

These three classes differ in their structure as
well ag in their general form, and they have been
placed in our svstematic worlks in an order which
deserves particalarly to atract our attention.

The Crustacea are placed highest in the series of
Articulata, and the Worms lowest; and between
them, the Insects, 50 numerous and so exceeding-
Iy diversified. In the opinion of Naturalists, this
arder of seccession agrees with the complication

.in strocture of these animals. And they insist
upon this order as really indicating the nataral
gradation amoog them; the Crustaces belng con-
gidered highest, owing to the perfect development
of a heart and a regular circulagion, and also
owing to the concentration of the nervouns system
and the combination of its elements. The want of
a regalar cirealation in the Insects has been the
reason why they have been placed in the second
rank. The Worms, from the uniformity and nom-
ber of their rings, to which are attached feet-like
appendages almost as nomerous a3 the rings them-
selves, have been considerad as the lowest.

Now in this order of suceession, to which Natu-
ralists have specially devoted their attention,
which they have investigated with particolar refer-
ence to a natural classificaticn, I think we have
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Vi I,

f[PLatE VI—L3BsTER ]

another instance of a mistaken view of the sub-
ject, derived from a mistaken estimation of an-
atomical characters. [ am prepared to show that
Crostaces are not the highest; that Insects shonld
be placed at the head of Articulata; and that they
are in every respect the highest. And after the
grounds upon which I intend to place them high-
est have been illustrated, I expeet it will be found
that the anatomical structure agrees here again
with the order which the metamorphoses actually
indicate; and that it was a mistaken view of the
complicated structnre of the Crostacea which in-
fluenced Anatomizsts, and indoced them to place
Crustaces highest.

Before, bowever, I can go through this compar-
son, [ must illastrate in detail the different classes
of this great group; otherwise my comparisons and
my grounds wonld searcely be intelligible.

I shall devote this evening to the illustration of
that one class which I consider as highest among




(Pr:oe VIII—Scomre1on.)

Articulata—that of Insects. And before begin-
ning this investigation, I will simply mention that
the group of Articulata, as it is now circumscribed,

has not always been considered as containing enly | |
A pgreat number of divisions and |-
other arrangements were, at varions periods, at- | g

three classea.

tempted by Naturalists. The Spiders, for instance, |

were considered a= onme entirely distinet class, | |
placed between Crustacea and Insects, thowgh I ||

am of opinion that they are better united with the
Insects, owing to their strocture, as well as their
natnral development. :

Among Articulata, groups have been introdaced,
which were formerly placed im other great divi-
gions. For Instance, the Barnacles were long con-
sidered as Shells, from their external coverings,
which are really shells ; but their anatomical strue-
ture has proved a relation between them and Artics
ulate animals, and really a close relation to Crusta.
cea proper—so close a relation to Crabs and Lob-
sters, that, at the present time, no Anatemist donbis
that the Barnacles must be placed in one and the
same class with them; though perhaps among
Zoologists, there may be some who still think that
the external form shounld be taken into considera-
tion, and not overruled by the internal structare;
but such doubts deserve scarcely any longer no-
iice.

As I mentioned in the last lecture, intestinal
worms were placed among Eadiata, but they are
proved to be Artienlats, since the nervows system

I
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lLizs been lately dizcovered by Mr. Blanchard fa all
the principal types of intestinal worms, and foond
to agree, but with some modifications 1n its general
arrangement, with that of Artienlats. The Infoso-
ria were also formerly arranged among the Radi-
ata, but mow their structure is more extensively
known, they should be scattered and arranged
among varjous eclasses, according to their inner
organization and mode of growth—some belong-
ing to the Worms, and being only the young, or
embryonic condition of worms of Flanariz, forin-
stance ; others belonging to the vegetable kingdom,
and being also embryonic conditions of warions
Algee; and others still, belonging to the Crustacea,
as for instance the Kotffera. It is remarkable that
the extensive investigations made npon the Info-
soria, the object of which was to illustrate the uni-
form strocture of these animals as a class, go to
show that the class ought to be broken op as & na-
tural group, and distributed among varions other
tlasses. ;

How much remains to be done among the small
organized beings,which have to be investigated by
the microacope, will be at onee enderstood when I
mention that, for instanee, the egg of the Mosquito-
like animals whose embryonic changes are repre-
sented-in Plate VII, figs. A. and F., was first consid-
ered as an Algaand deseribed as a species of Gloe-
onema, before it was found to be a Musquite-like
insect.

[PraTe VIL.—Eces or MuosauitTors |

The great class of Insecis is particularly remark-
able for the metamorphoses which these animals
undergo. And you may at once perceive how dif-
fienlt it must be to tracg all the ehanges of thesa
animals when I mention, that the perfect being—
the perfectinsect may be an aerizl aninral, provided
with wings, and fiying gbont; when in another con-
dition, it is quietly buried in the seoil, immovahle,
not taking any food : or, in another condition. it is
an aguatic worm, swimming fresly In the water,

Under such eircumatances, nnless there is an op-
portanity to trace all these suceessive changes. you
gea how mistakes, as gross as the one to which [
have alluded, may be made. Maturalists are now
aware of the possibility of such mistakes, and do
not consider an Investigation as perfect, as long as
the direct connection between the facts in any giv-
en case has not been ascertained by continuons
observations. Articnlata undergoing sueh exten-
sive changes, mwat, therefore, be studied in many
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more points of view, under more manifold aspects,
than any other animals, And we have here to in-
vestigate external changes, as well as internal mod-
ifications of structures ; changes of habits, as well as
changes of forms ; indeed all the spceessive trans-
formations through which these animals gradually
pass from their f[ormation in the ege to their perfect
condition.

The embryology of Insects proper has not been
50 extensively and so fully studied as the embryol-
ogy of other classes. There is generally a great
difficalty in examining the eggs of Insects, owing
to the opaque condition of the yolk-snbstance, the
eofiness and H'I-'I'IS-EB'I‘EBE]" of the primitive germ,
and the thickness of the horny envelope which
surrounds the erg., Yoo see under what diffienlt
circumstances the observer is placed, to have to
break up this hard crust withoot injuring the soft
and delicate germ—which is, besides, exceedingly
small,—and then to distinguish the various forms of
their transparent body, resting upon a dark opaque
eentre j—circomstances the most diffiealt for micro.
scopicTnvestigation which ean be found. And so
we have only a few species whose embryonic
growth has been satisfactorily examined. !

Professor Kolliker of Zarich, has made those
investigations, and I introduce here, (Plate VIL)
the diagrams which he has published of one of
‘those series, in order to show how pecualiar the
mode of growth of insects is, and how different it
is from the changes which other animals wndergo
within the ege.

After tracing those changes which take place
within the egg, [ shall proceed to allude to the
changes which the Worm undergoes to form a per-
fect Insect. The egg itsell consists universally
among all insects, of a yolk of opague substance,
enclosed in & hoard envelope. When the eces are
laid, there is no germinative vesicle, no germina-
tive dot, seen within. The eggs have really un-
dergone extensive changes befure they are laid,
and when laid, the envelope which surronnds
them is already thick and opaque. In order to as-
certain whether the egg has primitively the same
structure as that of other animals throughout the
animal kingdom, it is necessary to trace the for-
mation of their substance back to the ovary, and
examine the young cgg, when the germinative
vesicle, with the germinative dot, surronnded by
A transparent mass of yolk, enclosed In a mem-
brane, will be observed, as in all animals; and it is
only shortly before the egg is laid that a thicker
cnvelope is formed by the addition of layers of
more consistent matter, which are successively de-
posited in the oviduet around the yolk membrans,
to protect more effectually the eggs, which in so
many insects have to pass the winter in that con-
dition, before the caterpillar or worm 18 hatched.
However, in the investigation of the formation of
the egg and its envelopes, there remains much to
be done in the class of Insects.

It is a peculiarity with the eggs of insects that
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they remain a long time after they are laid, before
undergoing their regular transformation ; at least,
this is the general fmpression. That, however,
regalar transformations begin in the winter, and
go on during the cold season in this well-protected
cnirass, has recently heen ascertained by a gen-
tleman of this ecity, Mr. Waldo I. Burnett, who
s atpresent in vestigaring successfully this diffi-
cult subject; so that the changes taking place in
the eggs of varions insecta amre likely td be soon
supplied. -

[PratE X.—IwsecTa wiTH THEIR LARVE AXD
Purz]

The form of the eggs of Insecis is exceedingly
variable. There are exgs, for instance, which are
attached toa longstem, (Plate X, fig. B) from
which they hang down. That stem, however, be-
longs not to the egg proper, but [3 only a part of
its external covering. The layers of protecting
substance around the ege.are extended beyond the
growth of the ege itsell; and through these stems
the eggs are attacled to leaves of Lrees, Tesem -
bling little fungi or cryplogamic plants, for which
they have been sometimes mistaken. The first
thing which takes place in the egg after the ger-
minative dot and germinative vesicle are gone—
after the yolk has become opaque, is the forma-
tion of & transparent layer of substance all aronnd
the yolk, as seen in Plate VII, fig. A, which repre-
sents the young animal, or germ,in its earliest con-

dition. As soon as this animal coating has grown
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lata in general, and are seen in the lowest forms, as
well as in the Lobsters (Plate VI), or Scorpions
[Plate VIII), or any of the insects.

That this mode of growth is not peculiar to in-
sects alone, but is characteristie of Articulnta at
large, follows, from the beauntiful investigations of
the embryonie growth of Crustacea and Spiders,
which have been traced by many Naturalists, but
above all by Herold, Rathke, Erdl, &e.

That the szme mode of growth is also observed
in Crustacea and Spiders, can be satisfactorily as-
certained by a glance at plate III, where in a
Shrimp the germ is seen deyeloping below the
yolk. :
[PraTe IMI—Yourwe SAriMres.|

The dewils of these metamorphoses L shall illus-
trate thereafter. I mention it now, only in or-
der to add, that this mode of growth is not pecn
liar to insects alome, but that it is characteristic of
most Articulata to have this inverted mode of
growth from their earliest embryonic eondition.—
They grow, as it were, in opposition to all other
animals. And it is a fact in no small degree re-
markable, that among such animals there shonld
be such a number of Parasites. Articulata are,
however, the only type in the animal kingdom in

h.ch parasiiism is the prevailing rule, though
there are other Parasites which belong to other
classes.

The metamorphoses of Insects which take
place alter the little Larva (as Entomologists call
the earlier condition of the animal) is born, have
heen extensively stodied. This little Worm (Plate
VIL fig. F) is like the primitive form of the com-
mon Mosquito, of which we see (Plate IX, figs. B,
B, C) all the different changes which the animal
undergoes before it is changed into its perfect
state. Figs. D, E, F represent the same successive
changes from the Horsefly ((Estrus); figs. G, H, I,
those of the commeon Flea; figs. J, K, L, M, those
of the Cochineal. In plate X, the figs. A, B.C
represent the egg, larva and perfect Hemerobios ;
figs. D, E. F the metamorphoses of a Moth, of the
genus Geometra ; figs. G, H, [ those of Phryganea,
and figa. J, K. L, those of an Ephemera; plate XI
represents Beetles; fige. A, B, C the metamorpho-
ses of a Dermestes, whose larva is hairy and col-
ored, like that of a Batterfly; and figs. D, E, F,
that of a Cetonia, in which the larva is a Maggot.

The Naturalists of the last century have studied,
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more carefolly and more extensively the metamor-
phoses of Insects than the Entomologists of the
present day. It is to works long since almost for-
gotten among entomologists, that wa muost resort
to find extensive, minute, and correct information
upon the metamorphoses of Insects in their vari-
ous stages of prowth. Swammerdam, in his Bible of
Nature, foll of interesting details, has given a great
variety of metamorphoses. 8o have the investiga-
tions by Degeer, Geoffroy, and Rosel, dona more
in this department than all modern investigatiors
put together. :

[PraTte IX—METAMORPHOSES OF THE MosgQui-
70, HORSEFLY, FLEA A¥D COCHINEAL.

The title of Rosels work, which he styles
*Amusements with Insects,”[ fnselden Belustigungen)
shows how much he must have enjoyed his re-

gearches. He has, perhaps, illustrated the meta-
morphoses cf insects more fully than they have
been examined before or since. In our modern
times, Entomologists have devoted almost all their
attention tothe study of genera and species, of the
external forms of families and specific distinctions,
and have in this way, endowed Entomology with
treasures of detail, but have made very few refer-
ences to the study of metamorphoses. which wonld
however, render this minute knowledge of details
much more valuable; for if the changes which take
place in various families were brought nnder rules,
these details would at once be made useful in the
comparison of extensive serles. But,‘ﬂ:ir the pres-
ent, we have only to hope for a general com parisem
between the. modifications of parts as they occur
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in the larva state, with those of perfect insects. I
woald, however, excepr from  this eriticism some
few modern authors, who have followed the glori-
ons tracks of .the great Entomologists of the past
century. Eminent among such exceptional works
containing more than descriptive details, stands
the remarkable report of Dr. Harris upon the In-
gects of Massachusetts injurious to Vegetation, in
which the anthor has given most valoable inform-
atign upon the metamorphoses of insects living in
this State. Also, Professor Audounir has given
many beautifully illustrated facts about the insects
injurions to grape vines. Ratzenbarg has made
similar investigations on insects injurious to the
forest trees in Germany. To these works we shall
have constantly to refer when studying the mets-
morphoses of articulated animals.

The larvee differ from each other, not only in
form but also in structure, and in the successive
changes which they undergo. There are larve
which arise from the egg almost under the same
form as the perfect insect, and in their metamor-
phoses undergo only slight changes of form ; per-
haps changing the length of their legs, or modify-
ing the apparent number of rings which they had
when coming out of the egg. There are others
which are born widely different from the perfect
ingect, which will remain in that form for & certain
time, and then change into an Animal entirely dif-
ferent in its outline—to remain in that condition
again for & longer or & shorter period, and then to
undergo the last transformation. Insects which
nndergo such complete changes in form, are called
inacets with perfect metamorphoses. Those into
which changes are introduced gradually, and in
which the differences in various periods of life are
not so great, are called insects with imperfect met-
amorphoses. or half metamorphoses. We have
insects in which the young are born under nearly
the same form as the perfect insect. T would men-
tion the Grasshoppers, for instance, in which the
young have the same forms except the wings,
which are wantine. The greatest differences are
noticed among Butterilies (Plate II, fiz. C), where

[PLATE [[—CATERPILLAR Pura & BUTTERFLY.]

the Caterpillar is first seen (Fig. A), next the Pupa
{Fig. B),and lastly the perfect animal (Fig. C); also
in the Beetles (Plate XTI, Fig. D), where the form
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represented by figure E, is first seen; next
the Pupa (Fig. F), and then the perfect condition
(fig. D). TFig. A. represents another Beetle in
which the larva (Fig. B) is similar to the Caterpil-
lars. In most insects, the larvae, when colorless, are
called Maggots, or Worms. Inthe Ephemera (Plate
X, fiz. L), we have the same form of the body as
is seen in the perfect insect; hut on the sides of
the larva there are aquatic respiratory organs, gills,
(Fig, L.) which do no longer exist i the perfeot
ingect (Fig. J). Suoch eases indicate the extensive
differences of structure which may exist nmm]g
larvee of the same class.

{PLATE II—HEETLEEF' WITH THEIR LARV.E AND
e

Some (Plate X wave aquatic Dreathing organs,
and others aerial ones—a diffarence which in oth-
er departments of the animal kingdom is consider-
ed sufficient to divide some of them into different
classes. Tishes and Reptiles are not left in the
same classes, becaunse the respiration of the ona
takes place by gills, and in the others, by lungs.—
You will notice in this figure, (Plate X, fig. L) and
in Plate X[, fig. A, considerable differences: In the
one there are gills, and in the other lung-like or-
gans for the same function.

In others we see still differsnt combinations. In
the Phryganea, for instance, (Plate X, fiz. H) there
are legs only npon the anterlor rings, and there are
gtiff hairs upon the other rings; whilst in the
Caterpillar (Plate IL, fiz. A) there are legs upon
the anterior part of the body; others on the mid-
dle joints ; and still others, behind. Thelarva of the
Horse-fly (Plate IX, fig F) has no legs at all, only
gtiff hairs. In the Mosquito (Plata IX, fiz. C) the
larva is squatic, provided with gills. The pupa
(Fig. B) assumes another form, but remains aquat-
ie, and finally, the animal appears with legsin e
very different form (Fig. A) and with a pair of long
wings and various appendages in addition,

Now, it is important—1I insist upon this point—
not only to trace the changes which the larve un-
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relative position within, amd also the changes
which they undergo during their growth, as well
as in their proportional development. Te these
diagrams I shall mosty refer daring this illnstra.
tion. Batin soch 8 comparisen of stractaral dif-
ferences, the external arrangement of parts is as
mportant a8 the internal differences.

We have examined the forms of the varions sta-
ges of growth in Inseets. We have not examined
the differences in the arrangement of the external
parts. Let us begin the comparison with these.

[See Plate 1X, Lecture® |

Im the various Caterpillars or Maggots—in the
varions larvie of Insects which you see fgured in
Flates 1X, X and XI, and Plate 1F of the first lec-
ture, there i3 one form which i5 characteristic
in all—which oeccurs: wniversally in all. [t s
the greater uniformity of rings when compared
to each other. The rings of the anterior part
of the body, (Plate X, fig. I, or Plate XL fig. B)

ISee Plate X. Lecture 6.}

thongh here provided with legs, resemble the
rings in the middle portien of the ody ; however,
they resemble these more ciosely than the anterior
rings resemble the posterior ones ; bet as & whole,
considered in its general arrangement, the varions
rings of the larvee are mere uwniferm than in the
perfect insect, which arises from them ; and they
are naturally more wmniform, but they are not
grouped together in any particular way. There
are no differences in the rings, indicating more
circomscribed parts of the body. Scarcely is the
head more defined from the other rings by its co-
lor. But, between the so-called chest of Insects
and the abdominal region, there is no separation
fsee Plates IX, X and XI[) as we notiee it in the
perfect insect.

There is always in the perfect insect, between
the head and the chest, and the posterior part of
the body. a strong division, as we see in these fig-
ures, {Plate XI, figs. Irand A¥ where the head is
more distinet; a certain nember of rings consti-
tute another regien behind the bead, the so-called
thoraz, or ehest ; and behimd this, there is a third
one—the abdomen. MNow, snch » division of rings
Into distinet divisions—into & bead, thorax and
abdomen—is not yet introduced into the eondition
of the larva, though it & indicated by the appen-
dages; though not wniversally, but very general-
Iy, there are among the anterior rings some which
have appendages more developed than the others,
which will eorrespond with the rings which form
the chest, and, then the other rings behind will
correspond with the rings which form or constitate
the abdomen.

But now, compare the proportional size between
those rings Im a perfect insect—Grasshopper for
instance as in Plate XV.

Here {Fig. A) is the head. This middle region,
here separated into its constituent rings, (Figs. B,

C, D) will correspond with the ehest; and here, |
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PLATE I‘E"—-Gn_,t_aa nor?eR.]

posteriorly, a portion of the body, scarcely larger
than the head and thorax together, though com-
posed of twice as many rings, corresponding to the

 abdomen. In the imperfect larva (Plate XI, fig.
. E) we have precisely the reversed-propertions im

the size of the rings of the different regions of the
body, or what will finally constitnte these differ-
ent regions. The posterfor rings In this case are

[ rednced eonsiderably in the perfect condition, bug
| the rings giving rise to the thorax are enlarged .
| and clesely united in fewer joints, so that there is

& real reduction of rings, and a real reduction of

| the moveable parts, inasmuch as the three rings of
- the chest, which in the earlier stages aro egually

moveable opon each other, now are united togeth-
er, and form only one mass. The reduetion, there-
fore, of the nember of rings or their closer com-
bination, or the reduction in size of the posterior
ones, with a preportional inercase of the anterior
ones. when they acquire a higher development,
are stages of growth which indicate a progress—a
really progressive development.

From these first superficial investigations, we
learn on® important fact in Entomology—that elon-
gated species, in any given type, eonsisting of well
divided, mniformly moveable rings, mast be con-
gidered as lower than those im which the rings
combine or unite together, and divide into distinet
regions. So that the Caterpillars give us the firs¢
hint towards & elassification, mamely, that Tnsects,
or Articnlata at large, stand higher or lower, inas-
murch as the rings are more or less nomerous or
reduced, oniformly moveable or combined, uneon-
neeted, or united into distinct regions.

[8es Plate IV, Lecture 6.1
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And if we test with this first result the proposed
modifications in the general classification of Ar-
ticulata, we will find that on this ground Worms
(Pilate 1"?] will stand lowest, Crustacea (Plate VI)
come next, and Insects highest.

[8ee Plate VI, Lecture 6 ]

Let nda now examine the changes which take
place in the nervous system of the Caterpillar
when full grown, (the changes daring the growth
of the Caterpillar itself have not yet been invesii-
gated) till it is transformed into a perfect Butter-
fly. We have at first, & nervons system, consisting
of & series of equally developed and almost equally
distinct swellings (Plate XTI, fig. A)—in the head
two large ones ; next, one small ore; at about an
equal distance, a second; a third, nearly equally
distant: o fourth, somewhat more distant; a fifth,
glxth, seventh, eighth, ninth, tenth, eleventh, al-
most uniformly equally distant; and then a twelfth,

"which is nearer the eleventh, making, with the
head, thirteen. Now, precisely the same number
of nervons swellings which we observe, consti-
tate the number of rings existing in the Caterpil-
lar,

Uniformly.throughout the family of Lepidoptera,
that is to say, among Butterflies and Moths, the
body consists of thirteen successive rings; and in
the lowest condition of these animals—in their
caterpillar state—the nervous system has as many
nervous swellings,—one for each ring, almost
equally distant from each other, and sending off
threads to the parts around in each ring. The
general structure and position of the nervous sys-
temn is as follows :—The swellings are throughont
united by double threads, which towards the poste-
rior part of the body come so near together as to
seem A continuons, thick eord ; but properly speak-
ing, they consist uniformly of double threads. And
in the position of these threads, there are some im-
portant points. The anterior ones are above the
glimentary eanal; the others are below; so that
the thread which unites the anterior ones with the
second,constitute a sort of collar aronnd the alimen-
tary tube (PL XIV). But all the swellings are united
by double threads, even where the threads come
near together and seem to be one continuons cord.
1 insist upon this point, because it shows the oni-
formity of strocture of the nervous system in all
articulated animals, and illustrates it, even in the
structure of the nervous system which has recent-
Iy been discovered in [ntestinal Worms. YWhen
discovered, it was supposed that Intestinal Worms
had a nervous system so different from Articulata
as not to belong to that group. The nervous sys-
tem in Worms forms asort of collar, with swellings
around the anterior part of the alimentary canal,
from which arise a double row of swellings, con-
nected by simple threads, extending backwards.—
This arrangement i3 indeed not very different from
that of the higher Articulata: let only swellings,
with their donble threads, be disconnected. and

we have the arrapgement of Worms; and let the |
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two chains of Worms be united in one, and we
have the arrangement of Insects.

As soon a9 the Caterpillar undergoes the first
change towards forming the Pupa—towards be-
coming immoveable, hefore it casts its skin for the
last time—we see (Plate XIL fig. B) that the third
and fourth swellings are bronght nearer together;
and also the first and second are bronght nearer
together; the others remaining in the same relative
position and in the same proportional distances
apart.

But as soon as, for the last time, the Caterpillar
has lost its skin and assumed that pecaliar form of
Pupa in which it is motionless, then the nervous
gystem in its longitndinal eztens!dc'm assnmes this
winding form [Plate XII, fig. C.] It brings the
eweollings nearer together, the first of them being
at this time entirely united with those at the head-
[PLaTte XII—NWErvEs 0F BUTTERFLIFR ]

EMERYOLOGY.

In the following stage, (Fig. ') the 2d, 3d, 4th and
oth swellings are brought nearer the head, whila
the 6th, and Tih, disappear entirely during the pu-
pa state, and with them disappear also the lateral
threads which arose from theth in an earlier con-
dition. The second, third, fourth and fifth swellings
remain now for some time at the same distance,
but are gradually eombined in one single and more
connected mass, The sixth and seventh, disap-
pear. The eighth, ninth, tenth and eleventh re-
main at equal distances. And if we compare this
condition with the perfect insect, we can sea that
these few anterior swellings, thongh arising from
five distinct gzanglia, will send the nerves to the
parts anawering to the chest A region behind,
with the long medial thread without lateral nerves,
is the region where the separation between the
chest and abdomen will take place. DBefore the
Pupa passes into the state of the perfect insect,
the approach of the swellings number two, three,
four and five is still increased, So that there are
now only three regions of distribution of the ner-
vous centres : the head with one large mass; next,
the chest with separted, though approximated
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[PLATE XI[IT—ALIMENTARY CANAL OF BUTTER-
FLIES ]

goneral arrangement—they are all tubular, thread-
like, and very long.

The next glandular apparatus here (Plate XIIL.
fig. A.,) is the gland seen on each side, behind the
salivary tubes, the silk glands, which are much
larger in the Caterpillar than in the perfect in-
sect. These silk glands still exist in the perfect
insect, but they are mach larger in the Caterpillar
than in the Papa, and again larger in the Papa
than in the perfect insect. You are aware that the
Caterpillar draws its silk from its mouth, winds it
regularly arvund its body, to protect it during its
gecond stage of metamorphosis. The third gland-
ular apparatus, a kind of liver, consisting of three
pairs of hepatic tubes, emptying in the posterior
part of the wide tube of the Caterpillar, but abont
its middle in the perfect imsect. This condition
of the glands, which we find among all
the Insects, i3 far from tha structure
of those massive glandolar organs which
occur in other animals. The lower portion of the
alimentary canal is scarcely at all contracted, in
the Caterpillar, as vou will observe in this figare
(Plate XIIL, fig. A) Before entering the pupa
state (Piate XIIL, fig. B,) at a period when the
insect is more perfect, the tesophagus has become
narrower and lomger; and the colon has also
become more elongated and marrower, and in the
pupa state you see how the digestive tubes appear.

53

(Plate XIIL, figrue C.) The animal has now
ceased to take food, and the salivary glands dis-
appear entirely. (Plate XIIL, fig. D ) Next, the
colon grows more slender, to be transformed into
a narrow cylindrie tunbe. When the Pupa iz ready
to be transformed (Plate XIIL, fig. E,) into a But-
terfly, there I8 & mew pouch formed between the
@sophagus and stomach, 8 pouch which secretes
the honey. It is a sack, to produce the sweet fluids
which 80 many insects are capable of secreting, or
at least of preparing. This pouch {Plate XIII.,
fig. E,) has grown to a somewhat large size, and
the posterior part of the alimentary canal has been
elongated very considerably, in proportion as the
middle part or the stomach proper has been re-
duced. And finally, in the Butterfly, it is fully
developed, but we see mo longer any salivary
glands. (Plate XIII,, fig. F.) The posterior part
of the alimentary canal is now long and slender,
and the hepatic duct of the liver nearly as large
and as complicated as in the beginning.

Here again, we sce that in proportion as the ali-
mentary tube is & nuniform tobe—or in proportion
as there are cavities of different diameters devel-
oping mlong its longitudinal diameter—we have
another seala to determine the relative rank of an-
imals in which this organization is observed —

[PoaTE XIV.—LoONGITUDINAL SECTION OF
Sraixx LiGUsTRI.]

This is, perhaps, better seen in another diagram of
& Moth, where we see the sophagus passing
throngh the anterior nervous ring, and extending
in the perfect insect Pl. XIV. (Fig. A} through the
chest, where the wings are cut off and the legs
algo. The large thorax answers to that partof
the Caterpillar (Figure B,) where the horny
legs are seem, and the ganglionic portion of the
nervous system is seen all along below the alimen-
tary canal. And in the Caterpillar you see how
intimately and uniformly the nervous swellings
follow each other, (Plate XIV, fig. B) and how the
alimentary canal Is & uniform tube, whilst in the
perfact insect, alimentary canal and nervous sys-
tem have andergome remarkable concentrations
(Fig. A).

Another apparatus is very simple among Insects.
It is one of those functions which is not so high-
ly developed as in other Articulata, but which,
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nevertheless, exists. There is a circnlation in In-
sects which is only more generally overlooked.—
The heart is a more elongated tube than in Crus-
tacea, but it exists in all insects. It exists more
developed in their larval condition, which shows
that having a large heart in articolated animals, is
 mot characteristic of a bigher structure; and how
a great bulk of blood can be concentrated upon
one point in Articolata, without assigning them a
character of great eminence, is distinely shown,
when we consider that in Wormas, which nndoubt-
edly stand below the other two classes, there are
a3 many as six, gight or more hearts, and in which
the bulk of the blood is proportionally much great-
er than in Crustacea or in Insects ; so that, the im-
portance ascribed to the circulation of Crustacea,
when this class was placed above Insects,I think
vanishes before the consideration of the value of
thase characteristics, as mnoticed throughout the
metamorphoses of Insects.

A few words npon the sabject of mastication
and upon the chewing orders, will further show
that Insects have to stand higher than other articn-
lated animals. The chewing apparatus in Insects
is a very complicated ni;pamtus, 80 complicated
that it is scarcely possible to give a correct idea of
the arrangement of these parts, nnless a person
has become familiar with the objects themselves.

[ must, however, attempt to convey some idea
of this apparatus. On the two sides of the head
in those insects which are generally considered the
highest, there are two large moveable pieces, mov-
ing from right to left on the right side, and from
left to right on the left side, in opposite directions
horizontally. These parts are called mandibles.—
Below these, is another pair of similar organs,
moving also horizontally, which are often ser-
rated, and to which are frequently added articn-
lated appendages; these are called the maxille,—
These constitute two pairs of strong forcep-like
jaws, very different, it seems, from any part in the

. whole insect.

In the diagram here, Jaws of Insects (Plate XVI.
figs. A, B] vour see the whole apparatus, first from
& Beetle and a Grasshopper, (fig. C). Seen from
above (fig. A) there is a kind of lip in sight, cov-
ering the mandibles, and below, are the maxille;
and below (fig. B) there is another kind of lip. keep-
ing these in their respective positions. To the
lower lip are also frequently appended articnlated
tentacles—the palpi. Fig. C representsthe maxille
of a Grasshopper seen in profile.

Now, each of these parts being taken asunder,.

we will have a strong mandible above; and some-
what below and inward, the maxillse; and farther
below, we have the lower lip. So that, between two
horizontal continnons plates, called lips, there are
moving forceps, the upper, called mandibles, and
the lower maxille. Then we have maxillary pal-
pi. And to the lower lip there is another pair of
palpi attached—the labial palpi.

This is the stroctore of the jaws in all chewing
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[PraTe XVI—Jaws or InsEcTS. |

insects. The Caterpillars have also such maxille
as the perfect chewing insects, though not so com-
plicated, to be sare, as in the most perfect Beetles,
but nevertheless constructed in the same way,with
a horny, powerfal jaw, by which they chew the
large quantity of food which they devour. Now
this condition is changed in the Caterpillar daring
the pupa condition, when we have mo longer such
enlarged jaws; buta long sucker, | Plate XVI fig. D]
consisting, however, of the same parts as in the
chewing insects, only those parts which were mov-
ing horizontally have become elongated, and with
their margin have united, and instead of now mov-
ing in that way, remain closed together, and form,
a tube, a real sucker, through which, by the assist-
ance of the tongue, they actoally pump liguid food
into their stomachs. [The Professor here repre-
sented, by means of his fingers, the jaws of the
chewing insect, and the manner in which, by nni-
ting, they can be transformed into a sucker.)

Let the tube now be contractile and retractile be-
tween the upper and lower lip, and youn have pow-
erful jaws transformed into & narrow tabe. It is
a transformation which takes place with the other
guccessive and progressive changes, so that we arg
entitled to consider such changes as also a pro-
gress, if T am not mistaken ; and to consider the
condition of the insect in which he chews food, as
thae lower one, as itis the condition of the Larva;
and the condition in which he sucks, to be the
higher condition of the insect. And therefore, in
principles derived from the study of Insects, and
not from the study of other animals, judging of
Insects by notions gained from that class, we shall
consider those which suck their food, in which the
jaws are elongated, those which pass through vari-
ous metamorphoses, higher than those in which
the jaws are placed horizontally—sharp cutting
jaws,which devounr large quantities of food. Butthis
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species consist of fndividoals of two kinds ; and to
know those two kinds, is not sufficient to form a
eorrect idea of the speecies. There are species in
which individuala of varions kinds are combined
together, and in which the combination, in pro-
portion to the nembers which are constant, eon-
stitnte an additional character of the species, And
for those, we must enlarge our notion of specific
Hmits, and introduce elements which are generally
overlooked.

But I proceed to the ilmstration of the class of
Crostacen. These animals constitate, as they are
now circemscribed, a very natoral group; though
i may be very dificult to assign general charac-
ters to it. And, indeed, on trying to find a practi-
eal trait of character, a combination of structaral
peculiarities, which should exclnde any ether an-
fmal, and combine together all the Crostacea, ¥
have stromgly felt that these animals were now
eombined as they are, not from any anatomical
evidence, but from the very reason on which ¥
insist as the foundation of classification ; namely,
from various hints about the growth. the mode of
formation, and the transformations of their speeies.

They are so heterogeneons in their external 3.
pect, as scarcely to indicate amimals belonging to
one class. Who wounld seppose sucly a congrega
tion of large shells, [here the Professor exhibited
a large hanch of Barnacles, ¥ to ba Crostacean—
to have an animal allied, for inatance, to the Horse-
#hoe, or to the Crabs, Lobsters, 8hrimpa, and the
like.
Enow of the metamorphoses of the Barnacles, that
they, too, as well as many Worm-like Parasites,
belong to the Crustacea.

The importance of Embryological stadies, for a
enrrect understanding of the true charscter and
elassification of animals, is so plain and so ob-
vious in the ¢lass of Crostacea, that T beg to be al-
lowed to flastrate more extensively this class, in
this regpect, than I wonld otherwise.

I wonld hegin this, by pointing oot fome peenl-
iarities in their form, which bave referencs to the
changes which these animals endergoe during their
metamorphoses. Plate VI represents verious
animals, alt of which belong to the elass of Cras-
facen.

In Plate XVIL, fig. A, is a Crab (Lopa dieanthay
geen from above; and in Fig. B the same as seen
from below. You may notice the nember of legs.
They are in pairs—the anterfor pair of which con-
stitnte powerful claws; the sthers being termi-

nated by & simple joint at the erd. The body is |

so contracted that the longitedinal diameter is
shorter than the transverse dismeter. It is a pe-
euliarity of almost all Crabs, that their longitadi-
nal diameter, if not sherter, is scarcely longer than
the transverse,

Another pecoliarity - is, that the tail itself is
short and bent under the main part of the body.
iPlate XVII, fig. B).

The main bady, which is neither & Lead ner a

Nevertheless, it is certain, from what we %
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chest, but which is simultaneously both, and on
that acconnt is called cephalo-thorax—the head-
chest—eonfains the main mass of organs ; the nes.
yous system, the siimentary canal, and the heart
a3 well as the respiratory organs, which are im
these animals attached to the legs. This pesuliar,
ecntracted form will presently be found to have
reference to some changes,which ara noticed in the
growth and metamerphoses of Crastacen; and are
therefore essential,

On the enterior portion of the body, thera are
thread-like appendages, called antenns or palpk
Of those, there are two pairs; one an inner pair,
and the other an external pair; and sideways fromy
those, are eves. They are,in these Crabs, (Plate
XVII, figs. A, B placed in a little depression on
the side of the shell, so that they eannot be seen i
the position in which this animal is drawn in this
plate. To ses the eyes, we showld look into ther
face'of the animal. Between the eyes and palpd
are the jaws, consisting of & very powerful appa-
ratns of movenble appendages.

The position of the main orgens is the more im-
portant, as it is reflected by the external covering ;
so much so, that from the outsidae, in various spe-
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¢ics, the position of the heart can be recognized by
definite outlines. Thesze ountlines in the shell
(Piate XVIIL, fig. A} cover the pogition of the heart.
This other ontline indicates the position of the gills.
This becomes possible, from the fact that those ore
gans, though soft, are earlier developed than the
shell, which is medeled over the organs.

The positien of the gills is important on one ac-
acount, being always connected with the legs;
thongh thev appear to differ widely in their posi-
ticn in various Crustacea. Where they are cover-
€d, they are attached upon the thieh, the shield
e@xtending over their point of inse rrion.

In other Crustaces, the gills are external—they
are attached to the external joints of the legs, and
seem o present an entirely diferent connection
from what wo observe in the Crabs. But the mo-
ment we go o the bottom of the question, wo seo
that here also the respiratory organs are conneci-
ed with the leg, only that they are from the upper
portion, and covered by a shield, as it is devel-
oped. j

In those Crahs, the nervons system presents a
wery interesting arrangement. Above the alimen-
tary canal there is a first mass, which gives threads
for the head proper, akind of brain; a ring areund
the alimentary canal connects this swelling with
the other swellings; but these posterior swellings
form only one uniform mass in the centre, from
which threads go to all the rings of the chest and
their appendages. And this position, this concen-
trated arrangement of the nervous mass, is obsery-
@] inall Crabs. In other Crustacea, the nervous
centres under the alimentary canal are more or
less seattered, and correspoad directly In their po-
sition to the rings which they furnish with nerves,
This structare of the nervouns system plainly shows
that the Crabs munst be conzidered as ranking
highest among Crustacea, if we remember what
has been observed in the Caterpillar, in which,
during it3 metamorphosiz into a higher form, the
nervous swellings were observed to concentrats
gradually more and more into compacter and
fewer masses. [Prate VI page 4l—LopsTER.|

Let us now compare these Crabs with a Lobster,
{Plate VI) or with a Shrimp, {Plate XVIL, fig. C) a
species of Shrimp which occurs in the Sonthern
States, called Penens setifer. The general arrange-
ment of the parts is the same as in Crabs. Hera
we see drst. the cephalo-ithorax covering the main
organs, anid the anterior pairs of legs, covering
also . the mouth, and from which, on the anterior
part, arises the peduncle for the eye and those
appendages called the palpl. Next, we distinguish
the tail, which is continuous with the head-chest,
and forms & large part of the body ; & portion of
the body, which is as large as the cephalo-thorax,
ar even larger, and which can be curved forwards,
but which is never permanently bent onder the
eephelo thorax. Such an urrangement of parts e
also observed in the Lobster, (Plate VI) which

~does not differ moterially in its siroctore from

63

what we have noticed in the Bhrimp. The varions
rings which constituts this cephalo-thorax and the
tail, arc equally provided with moveable appen-
dages, which are represented separate in Plate
XXL In the head we notice a short peduncle,
(Fig. A) terminating with & compound eye.consist-
ing of thousends of little lenses, each of which has
a crystaline lens, a nervous thread, and really is
acompound eye. Next, we have those two sorts
of palpi represented in figs. B, C. Naxt we have
gsix pairs of horizontal moveable jaws, (Figs. D, L)
three of which are more powerful perhaps than
the others, and constitute what are called the jaws
(Figs. D. F); whilst the three others are called jaw-
feet, from their close resemblance to the legs in
many of these animals.

[PraTe XXT—Arprexnanrs 0r TRDETACEA.]

R,

The three firet pairs, which are near the palpi
are properly called jaws ; and the three following
pairs are called jaw-feet, (G, H, I). They are call-
ed jaw-feet, for having internally, like the legs
proper, appendages which are modifications of the

apparatus which supports the gills proper  These
appendages, rowever, (Figs. G, H, L) instead of
being complicated gills, have only fringed mem-
branes, extending backwards, without performing
respiratory functions. So that, in these parts which
garround the mouth and act.as jaws, we have the
game conpection between the respiratory organs,
as that we observe in the legs under the chest.
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8o that, notwithstanding the fanctions of these
parts, which are used to erush food before it passes
into the alimentary canal, we see that they are a
modification of the same appendages which on
the side constituted simple legs. Here, jaws and
lezs are really modifications of one and the same
type of appendages.

But the chest is not one continmous mass, (Plate
VI). Itconsists of several rings, nnited in the fall
grown individuals, bat distinct in the voung, and
gtill distinct on the lower surface of the adult
These transverse ridges, (Plate XVIL, fig. B) which
are noticed between the legs, indicate the joints,
which, by their re-nnion, constitute the chest, or
cephalo-thorax. And so” we cannot wonder that
there are as many pairs of legs as there are joints
united to form the cephalo-thorax. These five
pairs of legs of the chest are figured separately,
(Plate XXI, figs. I, K, L, M, N).

Bat, are we allowed to consider the cephalo.-tho-
rax as consisting simply of five joints, and ene for
the head ? If it be troe that every joint can have
but one pair of moveable appendages, then we
must admit that the head, however contracted, Ia
the result of the re-unicn of nine distinet joints.
The eyes, the palpi, the three pairs of jaws, and
the three pairs of jaw-feet. And indeed, so many
transverse divisions may be noticed in the interior

of the chest, in its anterior extremity, when ex- |

amined closely ; it can scarcely be doubted, there-
fore that it is out of so0 many joints that the cepha-
lothorax has been formed. :

At the posterior part of the body, under the tail,
we have other appendages, which assume the
shape of branched threads, as represented in Plate

XXI, figs. O, P, Q, iR, 8. These are modified legs, |

which are not used in locomotion, but to which
the eggs become attached when they are laid, and
as they remain suspended to the lower side of the
tail, they are carried about by the female Crabs till
the young are hatched. The fin-like appendages
at the extremity of the tail, (Plate VI}), are still
other modifications of Jegs ; and so, throughout the
longitudinal axis of such an animal, whatever
shape its body assomes, whether in Insects or
Crustacea, the appendages used as legs or as jaws,

are only modifications of one and the same sort of |

oroans.

It was important to come to this conelusion, in
order to be allowed to compare the various appen-
dages which were noticed on the side of mauny of
these other Crustacea, (Plate XVIII). For in-
stance, in Squilla, (Plate XVII, fig. D), we have a
kind of claw, of a very different nature. It is no
longer as we s¢o It 10 (ke Lrab;Fat it is the ter-
minal joint which is bent over the preceding one.
Sp that the claw here would resemble the motion
of my arm pressing against the shoulder, and
forming & forceps, not by the antagonistic action
of two articulations moving againit each other, as
in the Lobster, but by the bending of the last join
against the preceding one. ’
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Many other nicifications of these appendages
are noticed on the! sides.of the body of Articulata;
but the time wilk not #1106 me to give all these de-
tails; I merely référ o them for the sake of farther
comparisons. List me only show that here in Sto-
mapoda or Amphipoda, there is a difference of ar-
rangement in plate: XVIL fig. D, and plate XVIIE,
different from what we have in Crahs and Lobsters.
The gills are entirelyinternal in Lobsters and Crabs;
in the 8guilla they are below the rings. Isthere an
essential difference in such a position? No, there
is mot. If we look at the embryo Crawfish,as it has
been figured by Rathke, we shall know that the
shield, or the external covering, is gradoally modi-
fied by the development of the shield, which grows
successively over the gills, The gills are external
where they are attached to the lower joints of the
lega, and are not different in their natare, but only
modifications of one and the same type.

All the Crustacea belonging to these two groups,
or rather to these three gronps—the Crabs, the Lob=
gters, and the Squilla—are among the larger of the
class. The other types, represented (Plates X VIII,
XIX, and XX are almost universally small—some
even microscopic. In the Amphipoda (Plate

[PraTE XVII[—Low Srecies oF CRUSTACEA.]
L B
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[PLatE XIX—Youxc Crans, SHARIMPS, BARNA-
CLE AND CYPRIS |

We may say the same of Barnacles, in which in
the final condition there is nothing of Crostacea in
their external appearance ; bat which when young
resemble common Shrimp-like Crustaces, to a very
great extent, as we seg by comparing a Cypris.
(Plate XIX. flg. ¥, with a young Barnacle, fig. G).
There are several of these born-shelled Crostacea
which have been deseribed as peculiar animald ;
for instance. the species figcured, which constitute
the genera Foda, Megalopa and Cuma, (Plate XIX,
figs. A, B, G, D, E)) which are nothing bot yoong
Crabs and Shrimps. Theirresemhblance to Cyelops,
or Calanus, (Plate XVIII, fiz. F.) or to Cypris,
{Plate XIX, fir. F) is howgver striking. Here is a
species (Plate XIX, fig. F) of Cypris, for instance,
which resembles. not nnly the other young Crusta-
cea of figs. A, B, C. D, E, bat even the young
Barnacles (Plate XIX, fiz. G) most remarkably.
The young of a shelly animal, which in this early
condition of life is a little, free, moving Shrimp-like
Crustacean, with an elongared tail, with legs and
rézpiratory fringes, having eves in the anterior
portion of the body, which is similar, in fact, to other
voung Crustaceans, and which, after it has grown
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to a certain size, becomes attached, and is trans-
formed into the remarkable Barnacle. Here are
some more, of the curious Entomostraca (Plate
XX) to which I shall call your attention. We have
(Figs. A to E) one species, (Figs. F to K) another
species. This latter one, resembles the Lernea in
many respects ; baing attached by a sucker to tha
gills of fishes, on which they live, but having still
& proboseis with jointed appendages, and having
elso indications of rings in the posterior part of
the body, and having sacks of ezgs hanging bha-
hind. TIn the other, Apus, (Figs. A to E) the body

Prate XX—RoTiFERA. AND Parasitic Crus-
TACEA |
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15 free through life; bat all undergo similar changes
in early life.

The Horse-Shoe Crab, though largesand in many
fespects somewhat more complicated in its struc-
ture, belongs also w the Crustacea which have not
& caleareous, but & horny shell, and are called Ento
mosiraca.

From these facts, you may observe that Natural-
ists divide the Cruostacea into two great groups;
those furnished  with a shield, like the Crab and
the Lobater, called Malacostraca, and such as are
not thus protected,called Entomosiraca, which have
only a horny envelope, and in which all the parts
are less diversified.

I may mention more particularly one of these
Entomostraca (Plate XVIII, fig.F) a specles ol Ca-
lanus, ‘which has a peculiarity of being phosphor-
escent, and of presenting a peculiar kind of phos-
phorescence which I am not aware has been ob-
served before. Here the nervous system, with the
eyes,is the shining part of the animal ; that nervous
gystem being not only phosphorescent, but the
sabstance of the nerves being of a highly red cols
or. The arrangement of the parts is precisely
the same as in the nervons system of the Crusta-
cenns in gemeral. A close investigation of this

arrangement has shown me that there can be no
mistake about it.

[PraTE XXI[—Tcas oF PINXOTHERES.]

The embryonic growth of Crastacea has been
extensively studied. We have had numerons mo-
nographic inveatigations upon that subject, which
were made by the most eminent of the Embryolo-
gists of our day. Rathke, in particolar, has in-
vestigated that subject to a greater extent than any
one else. However, the earliest changes which the
epg undergoes, havenot been 8o completely exam-
Ined. Thereforeallow me to call vour attention for
& few moments to the transformations of the eggs
of the little Parasitic Crab, the Pinnotheres Os-
trinm,which is found in Oysters, and lives as aPar-

[
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asite between the gills of this animal. The whole
animal is' so transparent that its growth and
changes can be very easily investigated. And
there we find eggs of varions degrees of develop-
ment, some exceedingly minute,which consizt of a
eimplely vitelline membrane,with an absolate trans-
parent yolk, 2 small germinative vesicle and a ger-
minative dot In the centre; a few granules are no-
ticed in the yolk substance. Others will present
the same appearance in general stroctore, when
the germinative veszicle will be much larger, and
the germinative: dot al:o much larger, being
swollen into a small wvesicle. The same will ba
universally observed in a series of changes, where
we notlea that' the germinative dot may grow
much larger than it was before, and even form a
hollow vesicle within the germinative wvesicle it~
self; the yolk granules having greatly increased
in guantity between the germinative vesicle and
the vitelline membrane. 8o that here it is perfect-
Iy plain, that, the germinative dot can grow into &
hollow vesicle ; and from the eondition of other
eggs, we may be satisfed that there is a period
when the germinative vesicle and the germinative
dot may disappear, to give rise to the formation of
anpther germinative vesicle containing more nu-
merous granules; and that that vesicle may burst
@gainand give rise to the formation of two germi-
native vesicles with their germinative dots, or we
may hayve three germinative vesicles with their
germinative dota. And duering this period of evos
lution of cells within cells, there i3 an increase of
the mass of yolk taking place, an acenmulation of
granules growing, by which that egge finally as-
811 that degree of maturity: which precedes the
first formation of a germ.

[Prate llI—Eces Axp DEVELOPMENT OF

Sarimes |

I have traced these eggs up to the moment when
the yolk had hecome a mass of somewhat opaque,
though not very compact yolk, and the first rudi-
ments of an embryo were formed, as a disc on
one side of the egg, growing around it, and pre-
senting all the changes which have salready been
described by Rathke and Erdl, as occurring con-
stantly in the growth of Crustacen, and to which I
will now allude, referring to the species which he
has figured.

The earliest condition of these perms in Palm-
mon, { Plate TIL fiz. A,) after the egg itself has nn-
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proportionably the greatest appendage, the longest
and most developed part of the body, in the earli-
est condition, being now reduced to the simplest
and lowest condition.

Such a classification agrees with the classifica-
tion which has been introduced into our natural
histories, from the general impression received
from these animals. Guided to some extent by
anatomical details, and also in some points by em-
bryonic data, the arrangement proposed has been
the same to which, from embryonic evidence, we
would arrive. Only, there i3 an objection to be
made to the division of Crustacea into two groups;
Entomostraca, passing by transformation into Ma-
lacostraca, as can be directly ascertained in the
case of Cuma,the young Pal@mon. Therefore, that
division cannot stand as a natural division. We
must have & scries ufzruupu following each other,
according to their embryonic gradation, but not
two types of Crostacesa; ad the differences upon
which this distinction rests presentonly degrees of
one and the same thing.

But, there is another point in which the analogy
of gradation with embryonic growth is most re-
markably striking. Itis the order of succession
of Crustacea in geological times. Craostacea
have existed from the earliest times. They are
found in the earliest formations, and found {o all
subsequent beds. |

. [Prate XXNI—TriroBITE ]

The forms assumed are different. The oldest ara
the so-called Trilobites of several types (Plate V).
There is & remarkable analogy between the forms
of varions Trilobites, and the outlines of the germ
of Crustacea, as figured Plate 1L, the earlier stages
reminding us of Agnostus, and the like, whilst the
later agree more with the higher Trilobites; but the
most striking resemblance is noticed on comparing
these types with the embryo of the Entomostraca,
as they are represented (Plate XX, fig. A) within
the egg, before they are hatched; the divisions of
the middle part of the body into thres lobes, tha

9
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long, lateral appendages arlsing from the anterior
extremity. Every point of the structors agrees.
It is only, that in these ancient types there was a
permanent state of growth—a condition under
which this animal lived for ages, and reprodueccd
its species; whereas, in ounr lowest Crustacea we
find even such an arrangement in the ea:lier form
only, as the beginning of a metamorphosis,

Next, we have in the geological series, Horse-Shoe
Crabs. During the coal périod, there existed seve-
ral genera of Crabs allied to the Horse-Shoe,having
the same general features. There are also species
found in the Qolitic beds. If wetrace the grada-
tion of types, we find that these (Plate XX fig. A)
the Apus, in their perfect atate, are nextin order.
Those which undergo a retrograde metamorphosis
or which agree with the embryonic stage of Apus,
a8 Trilobites, being altogether the lowest. And so
we have the Horseshoe Crab, which is the second
typein the order of geological ages, ranking high-
est among Entomostraca; thatis,above those which
resemble ma;l‘rlluhltes.

During the deposition of the Oolitic and Creta-
ceons rocks, there existed a countless number
of Crustacea, but all of them were Lobster and
Shrimp-like animals. The earliest of all the Mala-
cosiraca Is a long tailed animal, the Palinurus
Suenril. resembling Lobsters and Shrimps. And
daring all this time, we have only such animals—
and not one Crab is formed until afterwards. But,
daring the later part of the deposition of chalk,we
begin to find Crustacea with shert tails, belonging
to the type of Crabs. Bo that, in the order of sue-
cession of the more recent types, we have the same
evidence that the arrangement which is proposed,
from embryonic data,is also the order of progress
which has been introdoced into the character of
these animals at different successive periods.

And I may add here, that the geographical dis-
tribution corresponds even to this gradation of
types, as far as it is understood. Crabs, for in-
stanece, are notpumerous on this shore. Few spe-
cies gcenr here. In the Middle States they are
more nomerous. They occcur more frequently
and are very diversified in South Carolina; and
gtill more numerous, in the tropics, where Crabs
prevail over Lobsters and S8hrimps. And, though
these latter are extensively found in temperate
regions, it may be said, that the lower orders of
Crustacea (Plate XVIIL fig. A) are innumerable in
the northern regions, and mueh fewer in the trop-
ieal regions. 8o that, in whataver point of view
we notice this subject, we see one plan, ong com-
bination, one system, uniformly carried out.

+
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LECTURE IX.

BMore than onee I have alloded to the nniformity
of structure of the egg, in its primitive condition,
in all animals; thos showing that there is a com-
mon starting point for their growth, thronghount
the varions classes of the animal kingdom. 1
shall now illustrate more folly the physiolog-
ical process by which the egg, when matured,
£lves rise to the formation of a germ. I do not
intend this evening to enter into more details than
I have already given, npon the formation of the
exg itself, but to illustrate the procéss by which
the egg gives rise to a germ. This process has
been traced in all classes of the animal kingdom;
and it is found to consist of & very cdmplicated se-
ries of changes taking place in the snbstanca of the
yolk, when it has reached a certain degree of ma-
turity.

The condition, therefore, the first essential and
constant condition for the formation of a germ, is
the previons formation of an egg, and its being
matored to & certain degree. The size, the degree
of maturity, and changes which the egg itself un-
dergoes before the germs are formed, vary in dif
ferant classes. I will not allade to that poinc at
all, bat only take now the germ a3 it is forming
within the egg, when the yolk has grown to & cer-
tain size.

[Pr.aTE XXIV—Fcce oF Pravariz |

I cannot, however, oinit Wenloiing & Yery curi-
ons mode of ovalation which is noticed in zome
Worms. When, some months before the laying ol
the eges, we observe the ovarv of the Wemertes,
we see in their interior, oblong, bottle-shaped
pouches forming, which fill with yolk substance,
that gives rise to the egos. When these botiles
have attained their whole development, that is to
say, whin they are completely filled with yolk
suhstance, 4 new process is introdneed in them.—
The substance groups itsell around several centres.
and forms & series of little spheres, whose number
varies. These are the eggs: eges which soon
have a germinative vosicle, and within it, a germi-
native dot characteristic of the eggs in general.—
When this second progress is terminated, the bot-
tles are laid, under the shape of achain, and the

'emg:'.l are thns econtained in & (ransparent sub-
stance of shapeless appearance,

After the laying of the eggs, another series of
transformations is produced, a3 we shall see pres-
ently. Almost the same changes occur in the
Malacobdella, which is a Parasitic Worm found in
the Clam. There, also, wa have observed yvolk
bottles, as also the Goccessive formation of the
eggs. Here there is no ovary proper ; we have
found the bottles distributed in the whole body
around the intestinal canal. Some contained only
one egg, and some not yet condensed yolk sub-
stance; others containcd two eggs; othera three,
four, and even a greater number were formed,
nntil the whole yolk was exhansted.

Plate XXV represents some of these phases.—
In the Planarie the mode of formation of the eggs
Is the same, except the bortles.

|Prate XXV—Fgcs oF MALACORDELLA.}

Let ns return to the egg, when it is abont enter-
ing another series of changes. In Piates XXIV
and XXV, we have eggs of different animals,
in which the process of the formation of the
germ s represented up to & certain degree of
its growth., The primitive egz consists, as you re-
member of a vitelline membrane containing volk,
and within this volk a germinative vesicle.and with-
in that a germinative dot, as shown in Plate XXIV,
A, B. The yolk bﬂﬂ-&'{ﬂ&l gradunally more and
mora condensed, thickened, and more and more
opaque ; and at that epoch, the germinative vesi-
cle generally disappears ; the germinative dot dis-
appears also, and new changes begin o take place
within the yolk.

It has been questioned, whether the germinative
vesicle and the germinative dot precede, or follow
the formation of the yolk substance. Thera are
examples of ovarian eggs in which this vesicle and
this dot are very distinct, as also the yolk mem-
hrane, at the time when the vitellus is vet very thin
and transparent in the sphere of theegg. We have

seen this vitellus increase and 1l op the whole
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those germs undergo in various families of Worms
seem to differ widely ; and indeed, among Worms
every where, there are types which are so widely
different in their outlines as scarcely to afford char-
acters by which to combine them.

[PraTe XXVI[—Youxe WorMs |

It will be a great difficalty to find Anatomical
a3 well as Zoological terms to constitute into one
clags all these various forms, (Plates XXVIII,
XXIX and XXX) and those which are represent-
ed there, (Plates XXX[ and XXXI[) Nevertha-
less, in tracing the intermediate forms, we are
compelled to bring them into one and the same
group.

[Prate XXYII--WorMs wiTh CoLoreD Broan |

The class of worms, as I circumseribe it here,
contains rumerons and very diversified types, as
well by their internal structure, as by their exter-
nal form; sa that it is diflcalt to dssign to all of
them common characters. The Intestinal Worms,
formerly considered as a class by themselves, can-
not be separated from the true Annulata. There
are intermediate forms between the two groups —
For instanee the Trematoda, which are closely al-
lied to Planaria, the Ascaris, which resembles Laom-
bricug, und so on. The Intestinal Worms, gener-
ally speaking, have their body naked ; the Acan-
thocephala only have hooks of fringe-like appen-
dages. Among Annulata there are, however,
types which cannot be compared with any of the
Intestinal Worms; as the Tobulibranchiata and
Dorsibranchiata. Among these there are some in
which the lateral appendages of the hody are uni-
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[PrLate XXIX—=Vartons Wonrws.]

formn for its whole lengih; in others, the appen-
dages of the anterior, middle and posterior region
of the body differ among themselves, and assume

even an entirely different character. In some, the
rings are generally provided only with a few stiff
hairs, whilst the bead is surroonded with tufls of
respiratory fringes, and other appendages, in va-
rious degrees of development. Nevertheless,
througzh all that diversity, there is a common typa
which can be easier understood than properly de-
geribed or defined. ;

The development of the class of Worms varies
according to its types. In some, the yolk subs
stance, after having been indefinitely subdivided
into bomogenous little spheres or cells, assumes a
rotatory movement, sustained by vibrating Cilia,
which bave been formed upon its whole sur-
face. Such are the Planarie, &, &e., whose
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[Prare XXXI—=TnTESTINAL WorMs.]®

L ouhers, the devaop-

young are-Ilnfusorans,
ment resembles more that of Crustaceans and In
sects, there being an animal layer formed upon the
lower side of the yolk sphere, which surrounds
gradnally the velk and encloses ir, so that the

navie is dorsal. Such a growth has been ohserved
in a worm of the Leech familv, which oceurs in
Fresh Pond, (Plate XXXIII) as well as in a marine
Worm of the bay of Boston, belonging to the ge-
nus Paszithm.

I wizh only to make some remarks upon the va-
rions metamorphoses which the Worms undergo.
Among the Intestinal Worms we have forms which
are cylindrical, and which present no extreme di-
vigsions in the body (Plate XXXII, fiz. C).

We havae others which are also eylindrical, {Pen-
tastoma, Plate XXXII, figs. A, B) but in which we
have transverse ridges. There are very numerouns
forms of the kind, which are fAatrened as the
Tapeworm. We have others in which the differ.
ent parts of the hody (Plate XXXI, fiz. C,) differ
widely—the Cysticercns. There are others in
which the articulations are still more distinet, and
there are again others [ Plate XX VL fir. E) in which
the articolations are scarcely distinet ac all, bat
which constitute really compound animals, as
there are always two united together—Diplozoon.
There are again others, which are flat, { Distoma,
Plate XXVI, figs. A, B, C, D) and entirely unartic-
ulated, unless we shonld consider as artienlations
those folds on the margin, which can scarcely ba
eonsidered so; bot owing to the arrangement of
their parts, particalarly that of their nervous ays-
tem, we find that they must be referred to the class
of Worms. Indeed although these animals have
been placed in a special class, owing to the fact
that they are Parasires, they cannot be grouped to-
gether with all other Intestinal Worms, nor form a
class by themselves. They have little in common
with other Parasites, but this mode of existence.

-

Y

In fact, Intestinal Worms constitute various types,
of which the main common trait of character is to
live upon other animals, rather than to resemble

| each other intheir structore. Bot between Planaria

(Plate XXX, fig. B) there i3 the most remarkable
affinity. This is a Distoma. (Plate XX VI, figs. C
D) an internal Parasite, and we find that every
thing agrees in the structure with Planaria (Plate
XXX.fig. B). There is an alimentary canal, first
& simple tube, which divides afterwards into two,
and from which arise innnmerable branches rami-
fying in the substance of the animal.

The same structure exists in Planaria, an animal
which has been referred to another class, but the
resemblance is so great that it s now no longer
possible to separate them; and very recently, Mr.
Blanchard has proposed to combine them, under
the name of Anenrosi; and previously Professor
Owen had intimated the propriety of uniting them
with those broad Intestinal Worms. Their ner-
vous system agrees most remarkably, and agrees
not only with that of other Intestinal Worms, bat
when properly understond, shows that the nervouns
system of the Intestinal Worms, thongh seemingly
g0 pecnliar, is really constracied upon the rame
plan as that of other Articnlata in general. In Ar-
ticulata in general, the nervous svstern consists of
a series of swellings, as I have shown before { Plate

[PLaTE XX XIIT--NERVODS SYRTEM oF WoRMS ]

o

- : o~

XXX, og A). lufhl.ulammmila (Plate XXXIIT
fiz. B), and in all intestinal worms, the nervoos
gystem consists of o main mass about the alimen-
tary canal, and two longitudinal threads extending
along the two sides of the body, from which ariso
other threads. We have now only to conceive that
the two parallel threads are brought nearer to-
gether, and combined in one continuous thread by
transverse commissures, to have the same uniform
gystem,which characierizes the higher Articulatain
which those swellings are combined. We have
again in Planaria the nearest possible approach to
the pervons system of the Intestinal Worms,which
really brings them much closer than they could ba
brought before, and combines them all into one
class.

The manner in which these animals are found is
very remarkable. The Distoma, a3 we have it
here, (Plate XXXIV, figs. 23,4) lives as a parasite
in the cavity of other animals—upon their liver—is
very frequently met with in the cavities of higher
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[Prate XXXIV—ALTERNATE GENERATIONS OF
LsToma. |

animals, but is also often found upon fresh water
mollusks in the intestinal eavity,as wall as upon their
abdominal organs aronund their liver and npon the

anterior portion of the man&e. And it has been
recently ascertained by Mre. Steenstrupp that thesa
are free animals at certain seasons of the year, and
that they undergo metamorphoses, of which wa
had no conception before his observations were
published.

Let me give the history of these various changes
to some extent. Wherever fresh water shells
oceur, of the genus Lymneus and Planorbis, we
find around them in June a greatmany little worms
of which we have here a figure (Plate XXXIV, fig
Z) which has been described as Cercaria. They
move with great ease in curved motions describ-
ing constantly the fizure 8 when moving. Within
are varions organs whose functions are not fally
understood. Whether these branches lead to the
alimentary canal, or to one of the glandular ap-
pendages belonging to the alimentary system, is
not fully ascertained. There is another appara-
tns on the side, whose real physiological functions
are also not precisely known. DButwhatever may ba
the anatomical structure of these animals, so mueh
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is known; that at a certain period of the summer
they move around the fresh water shells, and final-
| Iy fix themselves in great numbers upon the mu-

| ens and burrowing into the mucosity of the ani-

| mal until they are entirely surrounded in it, they
|-geem to move freely, but east their tails under vio®
| lent contortions. They are now surrounded by a
| eyst of mucus in which they fall as it were into &
| state of sleep, or into a state similar to that of the
. pupa of Butterflies remaining motionless in the
| eyst of muens, (Plate XXXIV, fig.1.) During

I
| | their rest In their little cavities they undergo chan-

i ges. The part which represents a kind of head in
| the Cercaria, is now surrounded by a eircle of folds.
| This part becomes more and more prominent, and
| when they leave their sacs they come out with a
| sucker around the mouth, provided with little
| hoaks by which they can attach themselves. The
alimentary canal is very distinet, and in this form
we recognise a single Distoma. So that such a
sucking animal as that of (Plate XXXIV, fig. 2) ia
finally transformed into & perfect Distoma, (fig. 4)
and this Distoma is finally found in the eavities of
the animal. After they have left the sac they
gradually penetrate into the abdominal cavity.

The process of the metamorphosis of the Cerca-
ria lasts rather long. During the winter it is
scarcely perfectly accomplished. DBut now the
question is: How did such a Cercaria arisei—
Where did itcome from? We have here an Inies-
| tinal Worm (Plate XXXIV, figs. W, 0,) as it ap-
| pears in the same fresh-water shell, before the Cer-
| caria are observed, in one of which (Fig.P.) we
however notice small Cercaria. How are these
Cercarim formed? In June we find in the Worms
before mentioned, [Plate XXXIV, figs. N,0,PB,)
& great many little bodles distending them so asg
nearly to cause their envelope to burst. If we trace
many of them, we may find in some which are
younger, that there are some with soch bodies,
(Plate XXXIV, figs. . R, 8§, T, U,) and on ¢lose .
examination these bodies are found to be eggs
which develope like those of other animals, and
finally give rise to little Worms, which grow to
the full size of Cercarim. These Worms (Figs. N.
and 0.} are therefore the mothers, or, as they hava
been called, the nurses of the Cercaria, producing
# generation which is freely moveable, while they
themselves are constant parasites, and this free
generation is changed into Distoma.

But this is not yet the whole of the process,
How were the Worms of figs. N, 0, formed? Siill
earlier in the season, another kind of Worm is eb-
served in the same animal in which those nurses
are noticed, and having some anatomical differ-
ences; for instance, their stomachs being larger,
{Plate XXXIV., figs. C, and D.,) and having some
other slighter differences $ and in their body we
observe in early spring or latter part.of the winter
& series of transformation of eggs or germs which
grow gradually to all the changes of germs (Plate
XXXIV, figs. E.F, &, H, [K,L M ;) and finally be-
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those hairs arising from definite parts, or the
broshes may not arise immediately from the rings
of the animal, but there may be vesicles into which
the blood-vessels may run, and from which arise
various hairs. And the manner in which these
hairs are combined with the vesicles, and the ves-
sels and the little hooks which may be appended
to them, will constitute the most complicated ap-
pendeges which can be Imagined.

And, indeed, there are no animals in which the
appendages are so complicated as they are obsery-
od to be in some of the Annulata, The anterior
part may have one kind, the middle part may
have another kind, the posterior part may
have & third kind; or those of the head may
be very prominent, and those of the pos-
terlor extremity of the body may be scareely dis-
tinet. And these are the more remarkable, as we
may find in the earlier condition of those animals
that they are uniform. Forinstance, in this worm,
[Plate XXVIIL A) which is & new genus, which [
have called Pleigopththalmus, we have little brush-
o8 of stiff hair, and what is still more eurious, a
pair of eyes to each ring. And when the animal
grows larger and larger these eyes vanish succes-
sively and there is only one pairleft in the anterior
portion of the body, and one on the posterior part
of the body, and the intermediate ones are < one.

Apnd here (Cirrhatulus, Plate XXVIII, fig. B)
are not merely eyes, but several colored dots to
each ring, and along the whole body uniform wvas-
eular threads. Eves which have & crystaline
lens may gradually be found to pass to eimple co-
lored dots. This is the ease, for instance, in the
Planaria (Plate XXIX, fig. E), where we have no
longer an eve, but we have a great accumualation
of black dots upon the skim, some of which are
larger than others, which can no longer be consid-
ered as eyes—which can no longer be considered
as organs of sight—but which are doubtless an ap-
paratus simply to receive an impression of the
light.

These animals, without éyes properly, bat simply
with colored dots, must have merely impressions
of light. The eyes are merely to concentrate the
light. In Cirrhatnlus, we have simple vascular
threads (Plate XXVIII, fig. k) to each ring ; but in
Terebella, which is the perfect state of the same
animal (Plate XXVIIL fig. Ci they are reduced 1o
complicated gills behind the head. The vessels of
the anterior gills, which ocenr in the anterior part
of the body are indeed only modifications of these
vascular threads. In the young animal (Plate
XXVIIL, fig. B), which has been deseribed as a pe-
culiar animal, under the name of Cirrhatulus, we
have the threads all along the body, and the pos-
terior threads, gradoally disappear first, and the
anterior ones are branched and transformed into
gills; and in the beginning there are vascular
threads, one to each ring.

Let me now add another fact referring to this
animal, that this Cirrhatulus, when young, as it is
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represented here (Plate XX VIII, fig. Bjis phosphe~-
rescent. The adult, which has beendeseribed as a
Tersebella, is also phosphorescent. Bat in the last,
phosphorescence iz only noticed in the long
threads,butin Cirrhatulus it is noticed all along the
body. On close examination [ have satisfied my-
self that the blood vessels are the phorphorescent
apparatns. Some such threads separated from
the body when acted mpon by alechol, or some
other strong reagent, would throw ont faiot lighs
when no other part of the animal would emik
it. 80 that we have here ap example of phos-
phorescencg in a position of the body different
from snother which we have mentioned before —
This phosphorescence proceeds from the blood
vessels. We have had an example from the ner-
vous system. I may quote others; for instance,
some Insects in which the respiraiory organs, those
Tracheal organs, those aerial sacs, will emis
light; and the facts are such that we perceive a
connection between coloration and phosphoresence
and sight, as there is between electricity, heat and
light. The physical phenomena are parallel to the
phenomena in the animal kingdom, only it is more
difficult to show their conmection; but I hope te
show that there are at least among the Mollusca,
some types in which it may be demonstrated that
such a connection exists.

[PLate XXXV—CATERPILLAR.

Last tne aaid one more remark, that the Caterpil-
lar, with all itz appeddages, (Plate XXXV) shonld
ba compared with the Worms. What are the di-
versified bairs which ure observed npon o many
Calerpillars? They have been usoally considered
as hairs; but they are connected with the organs
of locomotion and respiration, as in the Annulata,
We should, therefore, institete upon the Caterpil-
lar a regular comparison, o ascertain whether they
are not in some respects analogons to the various
appendages of the Worms. This comparison I
bave not instituted. It remains to be done; but §
cannot help thinking, on noticing the close resem-
blance there is between the diversified aspeet of
Caterpillars and Worms, that in their analogies
there will be also a type discovered, as it has been
noticed in the appendages of Worms; and thas
Caterpillars will enly be another modification more,
of onoand the same type.

[Prate XXXVI—8yMBOLICAL FORMULE OF AR-
TICULATA ]
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ascertained that the animal fissues are, in their
fundamental structure, identical with the vegetable
tissues, we may expect that botanical investiga-
tion may thiow as muach light upon the animal
kingdom, as the stody of snimels may throw npon
the vegetable hingdom.

Easy as it has been to stedy the stractare of
vegetable tissnes, so difffenit has it been to aseer-
tain their functions—to aseertain the working of
the varionz ergans in plante  The most different
and contradictory opinions are entertained upen
vegetable funetions, npon the cirenlation of their
sap, upon their respiration, and the sctien of res*
piration wpon their fuids. ;

On the contrary, in snimal structures the Mne-
tions are easily traced. The combined action of
varions Mamctions upon zach other, ean be easily
ascertained. Tt was the structure—the iatimate
etructure—which it wasdificult to investigate. &And
now, by ralerring the result from ons Ringdom to
the other, it i to be hoped that much more rapid
progress will be ebtained than befora.

One nnexpeected resalt Has already been aszer-
tained—mnamely, that eells are properly the organs
of living beings: that ell funections are inda-
enced by life, by the independant life of isolated
eells. It is not the stemach, a8 a whole, which di.
gests ; digestion is influenced by the cells which
line the internal surface ef the stomach.

The life ef individual cells may be comparad to
the action of several large organs combined into
one systemy, 85 a wheie. Mow muach independence
there is really in the Hle of individual cells, can nn
where be better shoawn thaa in some of the germs
»f Mollnsks.

Let me for a momentillnstrate the varions figures
which zre represented in Plare XL,

They chow the changes which a Mollusk may
andergo; a speeies of Kolis, 2 naked Mollusk,
found in Boston harbor, of which there is a figure
in Flate XLIH. fhe, C Seversl apecies of these
Mollasks oceor in Bosten harbor, and can at any
time be obtained for investigation. Several eggs
which contain a single yoi%, are first noticed
iPlate XL), and in the same plate are represented
nll the changes which the volk vndergaes in the
process of dividing, wp te the period when the
whole mass of yolk §s transfermed inte innanrer-
able cells, as repragented here

|

The divisions of these masses are not always 80
regnlar a3 they have been described. T this
Eoliz, it does not constantly take pleeeby a reg-
ular division intotwo halves. Town see that the two
halves are more or less different in their size;
gometimes the division 1akes plaee inio threa'
spheres, two of which are smaller than the other,
and not even equal among themselves. In others,
there are three equal spheres ; in others, four equal
gpheres ; in others are four less equal; in others
are five almest equal ; and still in others, five, all
of which are small. Many irregularitics sceur.
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|PraTe XL—CHANGES OF THE Tooxe Eorra

"
i
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You may see 1 some other Hgures of the same,
{Plate XL) that the proress of dividing the yolk
is very regular, there being first two, then four
cqual divisions, out of which may arise on one

Fhere is no invariable rale

side fous ather large spheras, and oo the spposite
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take the avary when forming and examine what is
produced, There we observe that the ovary consists
of ponches (Plate XXXVII, figure A)--folds of

[Prate XXXVIIL—0visacs axn EgGs oF As-
ciDIa.]

membranes, in each of which bottle-shaped pouch-
es (fiz. B ) there are masses of eggs and other sub-
tances—granulated substances—and complete eggs
in the larger ones. Yon may perhaps distingnish
from the distance tha: in soch a ponch (fig. A)
which is circumseribed by a membrane, there is &
mass of little granules and a number of eges, each
having a vitelling membrane with its rerminative
vesicle and its germinative dot. The smaller of
these pouches contain the same elements. Thesa
smaller ones will contain fewer eggs. The stlll
smaller one will contain also ezgs, but they ara
not so well defined. And we may find some pouch=-
¢8 in which there are no distinet egge, but a bag
fall of uniform, clear liguid.

Here is the starting point. And if we examine
under & very high power what is going on in these
pouches, we may observe all the changes which are
represented (Plate XXXVII) in these varions Ag-
ures. First a little baz is observed, bat perfectly
transparent and homogeneous. Others may grow
larger, but still contain transparent homogeneous
fluid. All these figures are represented under the
same magnilyving power. Then we may find ona
in which the membrane surrounding the liguid di-
vides. This process of dividiue i3 observed in the
volks when fully grown, giving rise to the embry-
. oni¢ cells; here it takes place to form nnme-ous
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eggs, giving first rise to two continuous vesicles,
one larger than the other, which may grow to an
equal or to an unequal size—the one dilating, the
other growing less, may give rise to two'half vesi-
cles. Next, they may grow larger. Next, we ob-
serve that granules are formed Here we have the
first element of heterogeneous substance. Granules
are formed within. How such changes are
brought about iz not understood. It is a mystery
in the subject of oor investigation. But that it
takes place can be easily seen.

Now, these bags being full, no longer of a
aniform liguid, but of a granulated liquid, will un-
dergo the same change. They will divide into
two sacs, which will grow equally or will remain
unequal, and we shall have the process of separa-
tion as observed here. Buot as soon as granules
have become numerous, there is a condensation
taking place in some point. These granules ag-
glomerate in some point ,withont having a mem-
brane about them. There is simply a dense con-
densation of granules in one point. And this con-
densation will grow larger, so that the condensed
sphere within the granulated liquid will successive-
1y be larger and larger ; or by the side of the large
one there will be several small spheres developed,
growing at some distance from them, and remain-
ing isolated. And perhaps some two such spheres
will begin to separate, or a separation of the part
which contains only clear granules from the part
in which a condensation has taken place, will ocenr
in this way, and then those spheres with two cen-
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[Prate XXXVI—Corrre Fran.|

Upon L back ; otbers in which it is said that the
gills are upon the sides, or on the lower side of the
animal ; and others in which the eyes are said to
be in an entirely different position from what is
observed in others. Indeed. no analogy has been,
nor can properly be traced between these animals.
I have, however, taken pains to trace analogy,
and if T am not mistaken, have snececeded in
making'it out. Bat if I shall equally succeed in
satisfving yon, is another question, which you may
decide after my illustrations have been made. Let
us begin with an animal well known in its form and
structnre. Let us take the Oyster or the Seallop.
If we lift one shell, we see that it is lined inside
with a membrane called the mantle. The two
valves of the Scallop (Plate XLV, fig. A) as you
see them drawn here on a large scale, are both
lined with the mantle. On opening these two
valves. you se¢e the mantle on both sides.
membrane, as it lines the valve of the right side, is
seenin Fig. B. The membrane which lines the
opposite valve, which is removed, and which eov-
era the internal organs, i3 removed with the shell.
These two membranes lining the shells hang on
the two sides of the animal. 8o that the mass of
organs, the gills, the musclesthe liver, and alimef-
tary canal—the whole structure is contained. as it
were, between those two folds—those two mems
branes—as the contents of a sac within its walls,
Or [ may compare the shell to the coat, the lining
membrane to the waistcoat, and the organs to the
body within. i

Tlml
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[Prate XLIV—PECTEN—SCALLOP-SHELL |

~ The position of the eyes is very remarkable in
this animal. There is a serics of eyes (Plate
XLIV, fig. B) all aronnd the margin of the mantle
—about forty or fifty, or more, in nomber. And
you see that ther occur npon both sides, so that
it is like & row of buttons along the coat, forming
here two rows of eyes, |langhter] ; and this posi-
tion is so extraordinary that we may not expect to
find any analogy with the Cattle Fishes, (Plata
XXXVI fig. A), where we have two large eyes up-
on the sides of the head, or with Strombus, as we
have in Plate XXXIIL where we have two larga
eves, upon peduncles, on the two sides of the pro-

T RS————
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Ersseis, which comes out from the mouth. We
might not expect to find these eves abont the head
in any way analogous to the large number of eyes
which surrownd the margin of the mantle.
Nevertheless, if [ have understood the siructure
of Meollusea,{ shall show rhat these eyves are all the
same a3 those of the Gysier, the same as those of
the Cattle Fish, the same as those ef the Strombus,
the same as those of all othen Mollusea. And 1
will try to reduce all these different forms to a few
simple types, and then compare these few simple
types tegether, in order to And, if possilile, the
ceommon aniform type. The Seallop, which { have
alreadsy mentiened, belongs to the socalled hlvah::
ed shells—to the Acephala.  And there are many
kinds with regunlar or irregular shells. the two
valves being eqnal in some, as in the Clam (Plate
XXXV, . fig. B) for instance, and in other hard-
shelled animals ; one being deeper than the other,
one exceeding the other, and forming a beak over
it, or being unequal, as the Oysters are nnegual.

[Prate XXXV.—AcerHALA—Craus.]

All th :ze differences will not modify the general
arrangement off parts as seen in the Seallop.
There is a mantle around the whole body; next two
pairs of gilla : the fleshy mass is In the centro;
and ahove are gronped all organs, as the liver, ali-
mantary eanal, &e, &o. [Plate XLIV, fig. A}

11

EMBRYOLOGY.

[PraTe XXXIV—GasTEROPODA |

In the Snail-like Mollnsea, or Gusteropoda, wa
have, on the contrary, & large fleshy mass below,
on which the animal walks. At tho anterior part
of thae bady, there is a pair of eves upon tentacles
and above the foot, the main mass of organs—the
stomach, the liver, the gills—generally protected
by the shell. If the shell be removed and the man-
tla split, we have the gills on one side. the liver on
the other, the intestines winding within. the heart
being near by, and the whole mass within the shell

But among these Gasteropoda or Snail-like ani-
mals, there are many in which the body is not se
complicated, or at least not twisted, but straight as
in Eolis, Doris, Patelia, Chiton, Emarginula. Fis-
surella, &e. &e. And in some of them we see that
the body, lor instance in Eolis, (Plate XLII fiz. C)
has respiratory appendages svmmetrically on both

[Prate XLV —TERBRATULA AND SPIRIFERA]
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sides, all along the upper surface of the body. So
also Glaucus on both of the sides, (Plate XLII, fig.
A.) Bo it is also in Doris, where, however, the
mass of gills is placed only &t the posterior extrem-
ity of the body. and has long tentncles at the an-
tarior extremity.

But, without entering into more details, youlmay
have already remarked that whatever differences
exist between these animals in the Inequalities of
the two sides, we can reduce thelr symmetry to the
regular arrangement of parts on the twe sides of
the body, more or less developed on one side than
the other. And passing from these Soail-like Mol-
Tusea to the Cephalopoda—to-the Cuttle Fishes—we
shall have again {Plate XXXVI fig. A} all the parta
analagons to the symmetrical Gasteropoda, the
eyes and the gills are here again in pairs on the
two sides of the animal.

But how will Cephalopoda and Gasteropedsa
eompare with the Acephala, is the great guestion.
The fleshy mass which is in the eentre in Acepha-
la, is below the mass of organs in Gasteropeda.—
Wehave the liver, we have the alimentary eanal,
and we have the heart all shown. Those main
organs are above the fleshy mass, and hanging over
the fleshy mass, we have only the gills and the
mouth.

Let us for a moment suppose that the mantle
was not so long. and would not hang in sech large
folds on the two sides of the body, but be shorter.
And let ua at the same time soppose that this
fleshv central part was not so contracted, (Plate
XLIV, fig. By but stretched down, and youn see
atonce what analogy we have. You may change
at once such a bivalve shall into a univalve (Plate
XLIIL fig. A) with a single shell. Supposa the two

[PraTE XLIIL—MairGARITA.]

valves were united, and you will have what we
observe in Patella, where there is a shell spreading
on the back of the Mollysk, without any spiral on
the summit: and among bivalves there are several
in which the two valves are immovable; the di-
vision is well marked in youth, bat they unite to-

PROF. AGASSIZ'S

gether in old age. This is observed in the famiiy

| of Maiades, smong those which constitute the

genus Alasmodonta. And that the eover be shield-
like or divided into two valves, dees not indicate a
great difference.

[Prate XLVI—Nivrirus.]

o

We have already noticed the little value of such
differences when speaking of the Crustacea, in
which we had ameoog the Entomostraca, some
whose bodies were eovered with fiat shields, and
others in which the bodies were enclosed between
two moving valves, a8 in €ypris. Soppose this
Patella was articulated in the middle, and the man.
tle was drawn down, there would be the first ap-
proack te the Scallop or the ©yster.  Suppose that
the foot was redoced to one central fleshy mass,
and the analogy woukd then be almost complete ;
only the difference between the eyes and tentacles
world remain.

That this s no vagme sapposition to admit of
such a division, is shown by some shells, in which
there i3 a notch on one side, in the longitadinal di-
ameter of the shell, for instanee in Parmophorus,
and in Emarginula, there is really a deep fissure.
So that we pass almost gradually into the type of
two connected valves, and into those which have
moveable parts. Now for the eyes and for the
other parts which are modified in this structore.
The eyes are here (Plates XLII, XLIIL) placed
arounnd the moath. The mantle in many of the
Mollusk wnivalves, extends all along the shell, as
you will observe in Phasianella, in Buccinum. &e.
But there are no eyes excépt in the head. Lasg
winter, however, it was my good fortnne to meet
with a little Margarita in Boston Harbor, in which
we have (Plate XLIIIL fig. A) tentacles all along
the body; and at the base of each tentacle, are
dark spots similar to the eye which is observed in
the anterior part of the animal. On examination,
I noticed that the mantle is constructed as it is in
the Scallop. (Plate XXXVI, fig. B). We bave,
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and there wonld be no deanbtleft as to the final
eircumscription of that group.

Bat there are animals which mast be referred to
the tvpe of Mollusks, according to our present
knowledge of thelr structore, which differ so wide-
ly in their appearance fromy Mollushs, that, at Grst,
when mentioned, ilis combination seems atterly
annatural and onfounded ; and indeed, leaving the
impression as if there could be no foundation for
a natural system, if such combinations were to be
considered a3 nataral. Neveriheless, I think that
the association of some agimals which I am abont
to illustrate, will be found te rest on real afinity;
and that the external differences in form will have
no inflaence mpor the impression whiehsuch a
combination will leave.

[See Plate XXXIX, page 53 ]

We have here in Plate XXX IX, and in several oth-
gr diagrams [which the Professor exhibited tothe
andience.l Polype-like animals, resembling Polypi
wery mueh by their stems, with cells in which there
are living animals extending and eontracting ina
manper similar to Polypi, with tentaeles around
their mouths, which aet in 8 manner ressm-
bling Polypi still more than the stem in which they
are included. And these animals do not belong to
the tvpe of Polvpi; they are true Mollusks, The
discovery of their internsal structare was made
almost simultancously by Ebrenbrg, by Milne-Ed-
wards, and by Mr, Thompson, of Cork,se that their
relation to Mollusks is mow hnown to be very
gloge. They have a relation to the radigted type
ef Polvpi by the fringes around the mouth.—
But the arrangement of their whole system is traly
bilateral.

This figure [Plate XXXIX, fig. C} represents the
alimentary eanal, which differs very muoch from
the Radiata, in being curved upon itself, in baving
distinct openings, a large sae which represents the
stomach, and a strocture which comes verv near
that of some animals which have never heen sep=
arated from Mollasks. If we were only to consid-
er those, perhaps the resemblance to Mollusks
might have escaped ebservation

But let me now trace farthef than I did before
the analogies which exist between Mollusks. 1
eompared the Gasteropeda with the Acephala and
the Cephalopoda; I showed that there was one
type in the bivalves, in the anivalves and In
Cephalopoda. But between the Ascidim (Plate
XLVIL), and the Clams, (Plate XXXV), there
are only slight differences. Sappose the shell of
the Clam [Plate XXXV) to disappear, the mantle
to be almost entirely removed, the respiratory
tube to be shortened, and the two openings to be
gomewhat remote, and we shall bave sach an an-
imal as is represented in Plate XLVII, fig. H, en-
closed in & sac with two openings, which are not
the openings of the alimentary canal, but are the
openings which lead into & cavity in which all the
organs are contained.

[Bee Plate XXXV, page 75.1

PROF. AGAZSIZ'S

[PraTE XLVI[—Ascioie |

And now going further, we may have all possi-
ble modifications of this type when it is contracted
and when the peduncle is attached. Plate XLVIE,
fig. A, represents a fixed Ascidiz, the peduncle be-
ing only a prolongatlon of the sac-like envelope.
Hera we have two openings of the sae, correspond-
ing ter the two openings ef the clamshell. Beyond
this type, wo may have one in which geveral indi-
vidnals are nnited by their base. And then, from
gingle amimals, we pass to compound animals
eombined by their attachment on one spot, (Plate
XLVIL fig. F) or by a gelatinous envelope which
keeps the eges together, (Fig, B), aud constitutes
eomponnd animala.

The internal structure of these Ascidis, (Plate
XLVIL fig. C ), is so like that of Clams, that there
Is no difficalty about their analogy. Now, one
step forther, and suppose that the gelatinoas en-
velope which  unites these individuals secretes
ealeargous gnbatance. Suppose further, that each
individuoal i3 much smaller, and in addition,
that ons extremity, instead of presenting fringes
at its opening, is surrounded by threads; them
you have the structure of the Bryozoa. tin Plate
XLVIIE}), with a calcareons stem, with a sym-
metrical alimentary eanal, but with serrated tenta-
cles round its anterior aperture, eonstitnting a pe-
enliar type—the Dryozoa. And that they are nel
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Polrpi is shown when examining their embryolo-
gy. Here [Piate XLVIII) are changes in one of

|PraTe XLVIII—CrA%GES OF THE BRYOZOA |

these Bryozoa, which bhave been investigated by
Professor Van DBeneden, (Fig. A). The bud-like
ege which arises from the main cavity does not
produce a terminal germ, from the lower centre
of, which the main cavity proceeds, but produces
(Figs. D, G) a division of this yolk like mass, un-
dergoing all the processes of division which we
have elsewhere observed, and finally assuming an
dlongated form. From the heginning It exhibits
the peculiar character of Mollusks, which distin-
guishes them from Radiata. Their bilateral form,
on the longitudinal axis, is observed in these
germs. And thus, going on farther,the margin
becomes serrated, (see Fig. E), the internal cavity
growing deeper and deeper, introdacing the whole
mass of yolk within, (Figs. H, K) with appendages
gbove. These appendages will soon open, and
you will have (Plate XLVIIL fig. C) a large alimen-
tary canal, with a central cavity placed in a dis-
tinet cavity of the body, with tentacles round the
opening ; 8o that this strocture is distinet from that
of the Radiata.

But I must dissgnt from the conclusions wkich
Prafessor Van Beneden has deduced from his oh-
servations. From the manner in which the yolk
is placed in the interior of the alimentary canal, he
concluded that there iz no difference between the
Radiata and the Mollusca in their embryonic
growth, a3 the yolk i3 formed around the cavity,
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and as the yolk is introduced from the lower side
in both. But he overlooks that in Radiata the
centre of development is really the centre of the
mass, and that the forther growth takes place in
all directions simultaneounsly, by a uniform, all-
sided development; whilst in Mollusks there is
from the earliest period this bilateral and longita-
dinal axiz. We might just az well say that the
Vertebrated Animals do not differ from the Radi-
ata, because in the former the yolk also is introduced
from the lower side into the animal. DBuat we have
here another difference among Vertebrates. He-
sides the lower cavity, thera i3 an upper one form-
ed ; and so we must admit that the type of Mollusk
is a distinct type from Radiata, and not to be uni-
ted with them.

Professor *Wan Beneden being one who has

traced these Investigations extensivelv, and who
has tried to characterize the leading groups of
animals upon the first chanzes of the embryo, I
thought it proper to make these remarks now.

[PLaTe LV—8ymporLicar Formurx oF MoL-
LusoL |

In order to show more fully the distinguishing
characters of Mollusea, compared with the other
departments of the animal kingdom, I think i¢
useful to mention here the symhbols which [ shall
nse to designate in future thattype. In accord-
ance with the mode of development of the germ
in Cephalopoda, a narrow crescent, placed verti-
cally, (PL LV, fiz. A) wounld give the best image of
these animals.and contrast thelr growth with that of
Radiata. which are represented by & horizontal
cirele. Let this crescent be closed, it may repre-
sent the Acephala, (Fig B,) with ountward tarned
marging the Gasteropoda, (Fig. C,) in allozion to
the wide gape of the lobes of the mantle, and with
a transverse division, (Fiz.D,) the Cephalopoda,
alluding to the complete separation of the head.

The propriety of admitting this sign, a closed
crescent, to represent the type of Mollosea, will ap-
pear much stronger, when I mention that among
Cephalopoda the volk is not entirely transformed
into a germ, as it is among the Bryozoa, Acephala
and Gasteropoda, only a part of the yolk being
modified, 80 as to form a germ aronnd the yolk,—
The yolk remains for & great part unchanged, and
enters the lower side of the embryo into the ab.
dominal cavity, (Pl, XXXIX, figs. D, E) So that
we have really in outlives the form of the embry-
onic sign, which T would preserve for the type of
the Mollusca.

Among the Bryozoa there is a genns called Pe-
dicellina, which is minute, and has a still more
regular form than the Eschara and Retepora, rest-
ing isolated upon small stems, with fringes all
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around, and a sirocture of the alimentary canal
similar (o that of the other Bryogoa. This Pedi-
cellina shows that among the so called Infusorial
animals, the Vorticelle, placed among those which
have been up to this time considered as & natural
group, should be separated from them. In my
opinion, Vorticellez are closely allied to the type of
Bryozoa, living separately, and constitute a fresh
water genus of the type Bryozoa.

Among these Bryozoa, (Plate XLVIIL) there are
some which are very remarkable for the carions
appendages which surround the main parts of their
body. Generally, there are some large cells, and
around them smaller ones, (Plate XLVIIL, fig. J,)

independent buds, as it were,with threads, (Fig.F,) |/

or with artieulated joints, which shat and open
like the beek of a bird, (Fig. BE). What these are
is searcely understood, and I shall hardly venture
to express my opinion about them.

Buads which rise from & common stem, and which
differ from other buods, we have observed among
Medusa:, even buds which perform different
functions from others. And I can scarcely help
thinking, that in these Bryozoa there are buds
formed upon the same stem which will not grow
in the same manner as the main individuals, buat
assume an entirely different shape, and will be
“* gatching individuals,” living to supply the stom-
ach with food by seising upon little animals, and in-
troducing them into the cavities of the main body.
To consider those appendages as parts of the main
animal is out of the question, (Plate XLVIIL, fig.
C), as they have no true connection with them.—
To consider them simply as pecaliar appendages
to those animals, would not be more rational. Bat
when we see thet these Bryozoa ean form stems 5o
complicated, or rather containing so many indis
viduals, I do not see why we should not recognize
imperfeet individoals, like buds, assuming a
peculiar form of their appendages, and then ad-
mit that they are analogous to the compound in-
dividuals of Meduem, in which the isolated indi-
vidualz do not perform the same functions, and
do not resemble strictly each other, If this view
bhe correct, I would also venture to hint at the
probability of Pedicelleria in Echinoderms being a
kind of budding of very imperfect individuals, re-
sembling the lowest forms of the class, the Crd-
noids, and living as a sort of low parasites upon
the parent, from which they differ mora than any
other kind of buds. Thus exemplifying those
hizher beings to which all sorts of parasites attach
themselves constantly.

Ascidie have & mode of development which re
sembles In its modifieations, somewhat, the Bry-
ozoa, but in other respects differs. The eggs of
Aseidim, which have been observed, are free when
laid, and from them arise free germs. Youn may
trace in Plate XLIX, all the phases of the devel-
opment: first, the development of the yolk into
spheres, which grow to form a uniform germ, (Fig.
D) which divides by a deep depression (Fig. C) into
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[PraTE XLIX.—DEVELOPMENT OF ASCIDIE.]

an anterior and a posterior mass ; the anterior be-
ing transformed into a sort of head (Plate XLIX,
fiz. A }. When hatched they resemble very much
Tadpoles, and they move like Infusoris, or rather
like Cercarim. Next appendages are developed op
the two sides of the animal (Fig. E ). We see that
here, even in these compound Aseidipns, the bis
lateral symmetry of the parts is still characteristie.
There are no great modifications or changesin any
of them after they have grown to A certain size.
This external coating, which is not an egg-shell,
gradually enlarges and separates more extensively
from the germ itself, and finally is transformed
into & shell like, or rather & membranous envelopa,
like this (Plate X LVII, fig. H),and the germ is trans-
formed into an Ascidia proper,with all the structure
which characterizes the perfect siate of those ani-
mals=—thera being those two openings to the exter-
nal covering (Plate XLIX, fig. J),and with those the
external masses of the animal proper; so that
these Aszcidim closely resemble the Bryozoa, and
we pass at once from them to the bivalves. How
the compound Ascidie are developed, is not fully
known, though their embryology has been traced
in some instances, (Plate XLVIL, fiz. B.) Facts of
great importance have ¥yet to be ascertained,
and I do not suppose that the faces which have
been studied on the growth of compounnd Ascid-
ians are completely understood, except in omne
class=in the Salpa—in which a wonderful alter-
nation of generations has been observed. We have
here (Plate L), those curious animals known under
the name of Salpa, a kind of Acephala, which are

5
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[PLaTE L—SiLr® OR SoFT-SHELLED MoLLUBCA
. —ACEPHALA.]

not all compound animals. Salps are soft shelled
Mollusca, in which the transverse musenlar fibres
(Fig. C) are very distinct, and of which two kinds
are observed. And this isthe peculiarity of Sal-
pa@, that some of them are constantly found to
form long chains of distinet individuals, noited by
peculiar appendages, and in two rows—united side
by side, and back by back, so that in a chain there
are always two rows—one (Plate L, fig D) in which
individuals are placed side by side ; another where
two such rows are united by their backs, These
compoundindividuals swim freely about in connecs
tion together, and are never known to Separate oF
live isolated, except, perhaps, after accidental sepa-
ration. But there are other Ascidians observed
which move free, and which are mever found to
unite, but which, nevertheless, in other respects,
resemble so closely the former, that in tracing the
internal andtomy, no difference whatever iz ob-
gerved. The arrangement of muscles, for instance,
insuch a8 compound Ascidia (Plate L, fig. A), or
the arrangement of muscles in such isolated indi-
widuals, (Plate L, fig. (0,) is identical. The size of
the individuals is even so similar, that this resem-
blance has struck observers ever since the Salpae
have been studied.

Chamiszo, the poet naturalist, who accompanied
Admiral Eotzebne around the world, ascertained
that there was among hese animals a most extra-
ordinary mode of reproduction; that this resem-
blance of individuals, attached and free, could ba
fally accounted for. He found that within those
compound Ascidian Salpm, there were only isola-
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ted eggs developed, as you can see, (Plate L, fig.
A); that in the internal cavity there is one singla
egg developed from the main cavity in each of the
compound individuals. And Chamissg has geen
those eggs born, developed and transformed into
isolated Salps, which wounld grow to the size of
their parents, and when fully developed would not
produce isolated eggs and isolated individuals, but
a chain of individuals (Plate L, fig. C) arranged in
8 similar manner w the compound animals, and
growing till they are born as a chain, and finally
developing to the size of their grandparent, with-
out separating, and living (as long as the observa-
tions were traced) in this compound arrangement,
to reproduce in themselves isolated eggs, withont
ever one generation resembling the preceding. Bo
that the compound Ascidians wounld always pro-
dunee isolated eggs, from which free individuals are
born; and those free individuals would always
produce chains containing numerons individoals,
which individnals would never separate in life, bhat
each of which would reproduece free ones.

Ower forty years these facts have been known
and fully described. Chamisso has traced these in
more than one instance without one link in the
investigation escaping his attention. Nevertheless
these facts were so astonishing, so different from
every thing that was known in the other classes of
the animal kingdom, that, up to this present mo-
ment, they are not generally believed or under-
stood. There are recent publications dated from
last year, in which these statements are not admit-
ted ; though the accuracy of Chamiszo is ungues-
tioned among Naturalists—he having published
nther investigations which show how accorate an
observer he is; and even after the investigations
of Chamisso have been confirmed by other obsers
vers, there Is still doubt entertained upon the cor-
rectness of the views derived from those facts,

Dr. Krohn, a German Naturalist, has traced the
same phenomena in some species, which he ohser-
ved on the shores of Italy. He has traced, as
Chamisso did, their whola series of alternate gene-
rations without one single interruption. Steenstrup
has traced similar changes. These facts have even
been the starting point of his views npon alternate
generations, of which [ have spoken more atlength
before. Still more recently Mr. Sars, of whom I
have so often spoken, bas published the complete
history of the alternate generations of several spe-
cies of Salpa, in which the whole development
through alternate generations is studied and con-
firmed, 8o that we have no longer any ground to
doubt these observations. We must come op to
the conclusion that there are alternate distinct
generations in varions classes of animals. We must
admit that there are animals in the Mollusea as
well as in the other departments, in which the
young never resemble the parent, but resemble
constantly and throughout life their grandparent,
as alternately these generations of compound and
free Salpa are observed.

EMERYOLOGY.
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But remarkable as it is, there are no metamor-
phoses observed in these animals. Very early in
the voung,the form of the adalt is fully developed.
Here is a young Salpa (Plate L, fig. B) developed
within & compound chain, in which you observe
all the principal organs as they are in the perfect
animal=—the muscolar fibres below, as they are
observed bere, (Fig. C) the gill as itis also seen,
the heart as it is observed in (Fig. B). The appa-
ratus of the liver and alimentary canal, (Fig. B)
separated here, but combined here (Fig. C) in one
Mass. i

Now the phenomena of alternate generation, of
which I have spoken, in the class of Worms, is
more complicated than in the Molluses, as in the
Worms we have not only aliernations in the gen-
eration, but nlso metamorphoses in each genera-
tion ; this opens & field of investigation, which
will present endless diffienities and endless details
to ascertain, but which will certainly go to enlarge
our views of animal structures and of individual
life.

The embryology of the Bivalve Shell has not
vet been traced to that extent to which other classes
have been traced. It is remarkable that, though
they are so common—though we have frash wa-
ter bivalves—though we have s0 many marine
bivalves, and some of them so exceedingly abun-
dant, their development has not been traced with
any degree of precision. The growth of the Oyster,
which might be traced every where, has never been
watched by any one. Even the Muscles are very
imperfectly known, Prof. Caros has observed the
fact, that from a very early period,the germ (Plate
LI, fig. A) of Anodonta has a tendency to divide
on one gide, and the other side to flatten ; so that
the animal assumes an oblong shape with a dise
eovering it from above.

Professor Beneden says he has ascertained that
those germs have been mistaken for Infosoria, and
that the Leucophrys Anodonta of Ehrenberg is
only & germ of afresh water Clam. So that we
would thus have another evidence of the hetero-
geneons natnre of that elass of Infasoria, Perhaps
we chould not insist so strongly upon these mis-
takes, when we remember how much Ehrenberg
hins done to illustrate the lower animals. That
mistakes must have occurred constantly when the
metamorphoses of’ the more perfect animals wera
less understood, is very natural. A pecaliarity of
the Bivalves, in their growth, consists in the fact
that even those which have a foot developed as
& large flashy mass between their two valves, have,
when young, only a small transverse bundle of
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fibres uniting the two wvalvek, (Plate LI, fig. D)
and throw out a kind of byssus, which we observe
between the muscle, in Plate LI, fiz. D. This
fact is important, as it shows that the shells which
have & byssus above the foot, should be considered
as lower:than those in which the foot is more
largely developed, and can be expanded and con-
tracted between the two shells.

Lastly I would mention the changes which Gas-
teropoda or spail-like animals vodergo. Duaring
their growth they have heen traced in several
types. The changes of snails were early observed,
more recently the metamorphoses of naked Mol-
lusca. As they have very recently been more ful-
ly investigated, (Plate XLVIII) I would rather
mention them than refer to the ancient investiga-
tion upon Polmonat® Prof. Vogt has traced these
investigations in a species of Act®on more exten-
sively than anybody else. He has noticed that the

{PraTe LIl —ActEoN.]

divizion (Platé LILAg. E,} of the yolk goes to form
a germ consisting of homogeneouns cells and that
gfter many more than twenty-four cells had bean
formed the external or peripberic cells assnme a
somewhat different aspect from the internal
which would cenire in the interior. And at thas
time the peripheric cells (Figz. F) would form a
sort of envelope to the inner cells and then a di-
vision take place in the inner mass so that here al-
g0 the hody assumes very soon a bilateral syme-
trical disposition. But what is carious is that on
the gides of the anterior portion of the body, (Plate
LIL fig. I) there are remarkable rotary appenda-
ges formed and between them a rudimentary foot.
The upper portion (Fig. G)of the body is soon
séparated from the lower portion so that before
the animal leaves his shell, we have (Fig. H)an
upper part and a lower part and lateral wheels, by
which the animal moves like the Rotifers, and &
sort of foot and a sac [Fig. J) containing the va-
rious organs. Then the shell begins to be devel-
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[PEATE LIFI—CiRovLATION OF Ha LTOTIS, 4 GaB=
TELOPOD.]

parts, which will then unite together in the veins,
and those veing, before they empty into the heart,
will again open into another cavity of the body,
and fill it with blood; and from that eavity, the
blaod is introduced by tubes into the heart. Only
in certain parts of the body—Tfor instance, along
the gills, and wpon the glandular organs—there
arg regular arteries and veins (Plate LIIE fig. A)
But the main portion of the blood is emptied into
the abdominal cavity, or emptied into another cav-
ity aronnd the mouth. So that in this Haliotis, the
main stem arising from the heart, ends in a sack |
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circnmseribed with membranoas tnbes. What exm
be inferred from such a state of things, for the
understanding of the embryonic changes whick
animals in general andergo

We see every where in the beginning these an-
imals consisting of wniform cells—of uniform ma-
terials. And ontof these aniform materials mayw
grow the most cemplicated sirnctures. Flnic
should be eireulated in the parts in order that new
elements should be introduced into the body.
And thiz must be considered as brought about in
the following manner.

Some of these cells will become looze, and when
lonse, the fluid, accomulated in the intereellular
spaces, will unite in flakes, and those free cells
swim within a liguid. This is blood. This blood
is nothing but an accumulat:én of cells, which be-
come bleod corpuscles, floating in fluid within the
body, Letus have the cells of an embryo, and
let there be & fluld of a certain kind, and let the
cells and fnid all move about, and there will be &
real movement of bDlood. First, it is enly moved
forwards and backwards ; but channels are gradu-
ally formed within thi substance ; and those chan-
nels may be lined with membrane by the coagula-
tion of & part of the fluid. But this may take place
in such a manner as to form & central cavity, whick
will be a heurt ; and to form radisting tubes, which
will be arteries and veins; or to form largs cavities
around the main organs. Those large cavities
cannot be considered as furmed in another way
than by the dissolation, as it were, of the embry-
onic substance of which they conaisted .primitive-
ly. and by the changes of this substance into
moveable blood. The moment that the embryo
has come to this point of development, it is so far
advanced m its other changes that it takes food ;
it is hatched, and at that time new substance is in-
troduced as food into the alimentary canal. Be-
ing digested, the result of digestion is mixed witk .
that blood, and so the new sabstances are brought
into the system, to undergo the changes by which

in which there is the centre of the nervous a:,'sr,em,!i it is so complicated &s finally to form & most
{Fig. B.) the brain of these animals, in which there | heterogeneous mass.

are the muscles of the tongee and the beginning §

of the alimenfary tube in one and the same cavity |

in which the main mass of the blood is emptied. ;I
S0 that the brain swims in blood—the musenlar |
apparatas which moves the tongee swims in blood |
—and the main track of the alimentary canal, the |
alimentary tube and the other intestines swim in |

venous bood in the posterior cavity of the body—
the most unexpeeted structure and apparatus of
cirenlation, which has ever been observed among
animals. And this peculiar vnconnected disposi-
tion of the blood evstem, discovered by Prof. Milne
Edwards. has been successively observed by him
and by Prof. Valencieones and Mr. Quatrefages,
in all Mollusks. In the Cuttle-Fish there is a great
gac in which the intestines are placed, in which
they move freely, which contains venous blood,and

gills and glandular organs,with their proper vessels

That ghe heart must be formed from the disse.
luztion, as it were, of parts of the sobstance of the
gorm, is plainly shown by its peculiar position im
s0 many animals. In some of the Mollasea it sur-
rounds the alimentary canal, forming various sacs
in many parts of the cavity. And this shows
plainly that there we have no regular development
but & sort of decomposition of the animal sab-
stance, which is gradaally restored, by the forma-
tion of more and more blood, Ly the process of di-
gestion.

The classifieation of Mollusca which ahould be
admitted if we base oar classification upon embry-
onic data, would differ to some extent from whas
has been generally acknowledged.

Generally they have been divided into six class-
es. The Cephalopoda or Cuttle-fishes, the Gastero-
poda or snail-like Mollusea, the Pteropeda, of which
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is as complete as it can be, though each of these |
types grows to a complication of structure, by
which the young Mammal, for instance, leaving
behind this low organization of the lower types,
rises to a complicated structure, to higher and
higher degrees, and to that eminence even which
characterizes mankind.

As it is out of the question for me to introduce
an illustration of all the phases of these changes, [
will only introduce such points of the subject,
a3 bear upon classification, and upon the succes-
gion of types in former geological ages, in or-
der to show that the priociple which I intend to
introduce, as the fuondamental principle of classifi
cation, is really of value, in all departments of
Zoology. g

In these diagrams you have representations of
the changes which animals of the four classes of
Vertebrata undergo; Here (Plate I, page 7) is the
history of a Fish, (a White Fish from Lake Neuf-
chatel), as represented by Dr. Vogt, from the egg
(Fig. A) up to the period when the young Fish
(Fig. F) is hatched. The close resemblance be-
tween this form (seen in fic. H) and other elasses,
is more striking. Iere (Plate I, figs. F to O) we
have the history of a Frog, (also from a paper of
Dr. Yoet,) from the first moment of its formation
(Fig. F.) up to the period when the young Tadpole
(Fig. ¥) is hatched. In Plate IL, figs A to E, are

[PraTe II—Ecas oF SNAIL AND Froa.]

the changes which a Snail undergoes, accordink
to the illnstrations of Rathke; and in this fie-
ure {(Fig. B,) it s represented. as it appears,
taken out of the egg, and deprived of its external
envelope, in order to eompare it with the form of
the young Tadpole, (Plate I[, fiz. L.) or the form
of the young Fish (Plate I, ig. H.) You see the
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Tadpole, closely, 28 yon may ascertain by compar-
ison of the figures. The resemblance with the
Fish is not less striking, as yon sece on comparing
also the figures of the young Fish.

[PraTE VIL—EGGS oF BIRDS AND IIEmil

And if we go on, we shall find the same agree-
ment in Birds and Mammalia. We have here (in
Plate V1I) the Hen's egg. Here, (Figs. E to K} we
have the different changes within the egg, as fig-
ured by Pander and Baer. We have here the dif-
ferent modifications of the young Chicken within
the egg; and we have here (Fig. K) the young
Chicken, already formed, at one of its earlier peri-
ods of growth, when it has yet undergone elight
changzes of form in its progressive development ;
and here, [Plate IX.) as we proceed further, we
have the history of the changes of the ambryo of
& Rabbit, from the remarkable work of Prof. Bis-
choff. I have not figured the outlines of all perl-

[PLATE IX—EGGs oF RanBITS.]

Snail, in its early condition, resembles the young
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circulation in general. And the lower layer gives
rise to the organs by which life i3 maintained ; in
the first place to the rﬂrIPua sacs of the alimenta-
ry canal, to the various parts of the digestive ap-
paratus, the stomach, with its glanduolar system ;
the long, which is only a sac derived from the
alimentary tube, and all the other various glanda-
lar organs which are connected with the alimenta-
ry canal, and also to the Iiy&n in connection with
the blood system, and to the system of reproduc-
tion,

I need not enter into these anatomical details;
but in order to show how this is brought about, let
us trace, for a moment, these longitondinal sections,
in which the same layer (Plate VIII, fig. E,) is rep- i
regsented In its proportional development. The
bloe mass represents the npper layer of the germ,
as it has grown thicker in the anterlor part of the
germ. These red masses represent the middle
layer (FPlate VIII, fig. C,) as they have grown
thicker in varions parts by an accumulation of
blood. And this greenish mass represents that
which begins to give rise to the alimentary canal.
This is a longitudinal section of the germ, (Plate
VIII, fig. E,) seen from above, where we may
plainly observe the upper layer. We observe that
it is only elongated, and there is a depression fig-
ured here (Plate VIIL, fig. A.) and below, there is a
collection of cells, forming what will give rise to
the development of the back bone.

[PLaTE VIII—LAYERS AND LONGITUDINAL SEC-
TioNs oF THE Eces oF BirDps |

But the two sides of this depression growing
successively thicker and higher, will form the
walls of & longitudinal furrow, and this farraw will
finally be shut up by the growth of the sides, and
then we have the cerebral tube gradually develop-
ed (Plate VIL fig. H). And you se¢e that the head
is scarcely indicated (Plate VIL, fig. G) by a some-
what greater dilatation of that upper cavity. And
after a while it is subdivided by the contractions
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of the tube into three large cells which communi-
cate widely with each other (Fig. H), and will rep-
resent the three principal parts of the brain.

The sides of this tnbe are seen first to give rise
backwards to some consolidation in the mass ; ba-
ing not yet organized, but being cells of a peculiar
form (Fig. G). The number of these 18 graduoally
inereased, and in a profile view (Fig. H), you may
gee how the eavity (Fig I) represents the cavity of
the spinal marrow, and how the head is bent down-
wards, and the tall iz also gradually bent down-
wards, 8o that the germ is ralsed above the yolk,
and no longer rests flat upon the yolk, as it did in
the beginning. In the earlier periods, the zerm
rests flat upon the yolk, and at first (Plate VIIL figs.
E) the embryo lies transversely across the egg—the
head and the tail bend towards each other down-
wards, the right hand side toward the pointed end
of #he egg, and the left hand side toward the other,
the blunt end.

The successive modifications of the system thus
sketched out, will give rise to the formation of these
various systemd of organs which characterize the
mass of the body. The parts of animal life will
be developed in the npper primitive nniform sub-
stance; solid parts will be deposited around in
other places, and so the difference between hard
bones and contractile substance will be introdueed.

EMERYOLOGY.

It is, perhaps, proper for me to show how this is
brought about, by pointing to some figures of the
modifications of cells, as they occur in the animal
body.

[PraTe V=—Variovs Forums oy CeLLs |

" In the beginning, the embryo consists of
oniform cells; bat they may Ue elongated ; they
may undergo other forms by branching; they
may be so elongated as to give rise to tubes; there
may be varions snbstances deposited within them,
and in that way they may constitute the various
modified different parts which compose the animal
body. There are even some of these cells, whieh,
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becoming loose, form the blood corpuscles, and
are circulated through the system. Here are cells
which line (Plate V, fig. A) the inner surface of
the eavities of the body, forming the so-called
epithelial membranes apon the different organs,
{Fig. B.) The irregularity of the outlines of some
of the forms, with their noclei and nueleoli,
still preserved, may be seen fn these different dia-
grams, (Fig. C). In some, the cell membrane ia
contracted, and assumes therefore asimple thread-
like shape. There are others (Fig. D) which form
g sort of pavement, and preserve their regular nu-
cleoli and naclei. There are some of these cells
which have thus been elongated, upon whose
broader flat end there are vibrating Cilia formed,
which preserve, nevertheless, the nuclens and nao-
cleolus within. That these may present different
sizes in different layers, you see here (Plate VI,
fig. A) in the skin of the Frog, where the external
one constitutes the epidermis, and are successively
cast from the surface of the skin; and the lower

* colls grow suaccessively, and form & new layer,

which will be again cast, and so on. How these
cells may combine to form & mew tissue, is here
represented, where the walls of the cells are trans-
formed into regular threads, with swellings from
distance to distance. Here is another portion
[ Plate VI, fig. C) which we may consider as an in-
terceliular space, with blood corpuscles cireulating
in it, or becoming a fleshy mass by the fixation of
the nuclel, in which the walls (Plate WV, fig. F)
of the cells having united, will form the fAbrous
portion of the flesh, and in which nuclei remain
for & time distinet; and bere they are still more da*
veloped, (Plate VI, figs. H, 1, J.) The flesh of the
young animals is not yet completely fibrons; the
elements of the cells constitoting those masses
are still to be distinguished.

Now if the cells themselves become loose and
move between the spaces and other cells, then we
have blood corrents withont walls, at first. But if
there be fluid between the spaces of cells, (Plate
VI, fig. C) they will form tubes, and in these tubes
blood corpnseles will be cirenlated. The nervons
substance consists still of similar elements)as we
perceive here, { Plate VI, fig. D) where the nuclel are
separated from the fibrous part of the nerva. Here
are other cells, which, from the regular form they
have In the beginning, (Plate V, fig. F) have grown
into branching ramifications. And these are filled
with colored matters., All those spots upoun Fishes,
particularly the bright spots seen upon Trouts, for
instence, are only cells in which there are varions
colored pigments, usually different sorts of oil of
various colors, and the forms of the cells differ
widely as you see here. Side by side. you may
have cells of different size and of different form.
Even in the bone, {Plate VI, fig. F) you may have
the same kind of cells, and also in the cartilages,
which finally make up the hard parts of the body.
There is, however, still & mystery in the manner in
which these parts are introduced and carried to

PROF. AGASSIZ'S -

[PraTe VI—MobiFrcarions of Ceits.]

the special parts of the body in which they have to
remain. That it Is the food which supplies the
body with every additional particle of substance
all must see, from the fact that, by eating, animala
as well as men grow and increase the bulk of their
varions organs. Buat from fo umiform food, thers
are sach diversified organg prodoced, and with
such special properties, that we cannot but wonder
at tlre process by which it is made possible | for ins
stance, that at some point of the body we have
bones produced from the metamorphoses of food=
of just tkose precise substances which are fit to
become the peculiar substance of that particalar
part. How it is, for instance, that the brain is
nourished, and that always those parts of the blogd
which can be transformed into brain sabstance,
are carried in greater proportion into the bead and
into the cavity of the skull, than those parts of the
blood which form and restore the feshy masses.
It is a common experience, that with the use of
the arm, the fleshy mass is shortly increased. One
who has not been in the habit of practising the
muscles of bis arm, if he begin to do so, willin a
very fosv hours feel pain. But after a few weeks,
he will notice a very considerable incrense in the
substance of the flesh which forms the muscalar
part of the arm. And this is brounght about by the
accumulation of those particles of the food in difs
ferent parts of the body, which are fit to nourish
them. That every organ has such an assimilating

o
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[PraTe X—LEcs or MaMMALS, BIRDS AXD REP-
'riLEs. ]

Here is the hind leg of an adult Squirrel, (Plate
X, fig. A), and here it is in an earlier stage of de-
velopment, (Fig. D) Here is the foot of a Rohin
(Plate X, fig. B) with its covering, scales and elaws;
and here is the foot of a Robin at an earlier period,
(Fig. E). In the Frog here, it is with distinct fin-
gers, (Fig. C) and in the earlier periods still more
different, {Fig. F).

What do we observe here? Animals which
have so different organs of locomotion as the foot
of a Squirrel, or the foot of a Bird, or the foot of a
Frog, all have the same form originally. We may
therefore say that the organs of locomotion, how-
ever diversified in their perfect state, begin under
the same form. Could I have illustrated all those
which I have already traced, I should have shown
that the wing of a Robin is also in the beginning a
fin. And indeed,in all animals, which I have
traced with reference to these transformations of
the young, I have found that at the first peried of
appearance,their organs of locomotion are through-
ont identical—in the Swallow as well as in the Spar-
row, the Wading Birds, the Birds of Prev, and in the
Swimming Birds, in all the legs and wings in their
earlier condition. The legs and wings are similar to
the lowest appendages or fins which we observe in
Fishes, showing also that even in the first outlines
of their organs there is the greatest uniformity. I
may say the same with regard to the structure of
the heart, of the first formation of the lungs, which

PROF. AGASS1Z's

are so complicated in Mammalia. It s a simple
sac in young Birds, and a simple sac in Fishes,
which have also that organ in a rudimentary con-
dition, as an air bladder, just to preserve the uni-
form harmony which exists in all these classes. It
is obvious what important consequences such facts
must have for the study of Zoology. They show
at once that all animals of any given gronp which
have webbed organs of locomotion, must be con-
sidered lower in their group than those in which
this apparatns has become free—has grown inde-
pendent.

To make direct application of these resulis to
the classification of birds ; let me allade to the
fact, that at the present day, in oor classification of
birds, all the birds in which the toes are united by
a web, are combined into one group—however dif-
ferent they may be in the structare of their winga
or feathers, in the development of their inner or-
gans, or in their mode of living, We have, in fact,
in that group, the lowest birds of various types
united into‘one very unnatural family—as we have
there bronght together the Penguin, having Imper-
fect wings used as fins, with the fleetest birds.
If we compare the bills, the predatory habits of
some, and the low mode of living of others,—if we
consider the difference between the bills of Ducks
and of the Gulls,—we may conclude, after the facts
above mentloned have been once aseertained, that
it is likely we have eombined in one group the low-
est types of various families, which should be se-
parated ; and it is probable that we shall soon sea
a re-arrangement of the ¢lass of birds, which will
be elassified on other grounds, and leave in each
group some swimming types and some types with
divided fingers, which may be combined by some
higher characters.

Already among the Vuoltures we have some re-
semblance to the Gulls, and it was only from their
curved claws and hooked bills that they counld not
be brought together. But when I mention thas
within the egg, the young Robin also has a hooked
bill, we see that the difference between the birds of
prey and the web-footed Gulls cannot be &o very
great—particularly when we notice the appear-
ance of the joints and fingers in their embryologi-
cal formation, and the fact that s0 many birds of
prey have the outer finger united by a rudimen-
tary web., Without entering into minute details, T
may stata that the koowledge of the changes
which each germ undergoes to assume the form of
the full grown individuals, will ebtain for ns a
complete key to the natural arrangement of the
perfect animals.

Contrary to what happens in the Radiata, Mol-
lusca and Artienlata, where all classes appear sim-
wltaneously from the first times of development of
animal life, the four classes of Vertebrata appear
successively in different epochs of the development
of our globe,in the order of gradation which Anat-
omy and Embryology assign to them. The class of
fishes appears first; it is followed in a later epoch by
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the class of Reptiles; then come the Birds and Mam-
malia. The class of Fishes, which I have studied
more particularly, has shown me that the first
types appeared under forms and with an organi-
zation pecualiar to embryos of that very class in the
present epoch, proving thereby with perfect evi-
denee the inferiority of the first created types, as
wall in their peculiar class as in their department.
But though of a Jower order, these types of an-
cient ages bore in themselves, from the beginning,
the impression of the plan that was to be succes-
sively developed in the different epochs which have
preceded the order of things existing at present,
and by whose realization have been brought about
those numerous families of Fishes, Reptiles, Birds
and Mammalia which live now on the surface of
the earth. According to this plan, a certain nom-
ber of families were to be extinguished before our
epoch ; these families are known to us only through
their fossil remains, which researches in the crust
of our globe have brought to light. Other fami-
lies, less numerons, have lived throngh all the rev-
olutions of the globe, and have preserved some
representatives, a sort of reminiscence of & past
order of things, confined upon a few spots of the
present surface of the earth.

Itis worth while to notice that Northern Amer-
ica is the present home of several of those ancient
types. Buch are, in the class of Fishes, the Lepi-
dostei, which perpetuate the order of Ganolds, in
our days, an order 80 numerous in the fossiliterons
strata of a former world, and the genus Percopsis
of Lake Superior, which represents a family which
prevailed in ancient times in Central Europe, dor-
ing the epoch of the deposition of the chalk. We
observe the same relation among the trees pf
Northern America, which resemble much more the
vegetation of the tertiary period than the treesnow
growing in Europe.

The time has past which was allowed for this
course, [ must come to some conclusions withont
giving any further details upon the subject.

My object has been to bring the present kKnowl-
edge which is possessed nmpon Embryology, into
one point of view. If I have suceeeded in show-
ing that there is a common development to all
animals, however diversified, I have succeeded in
illustrating, perhaps, in a more philosophical view,
the different data which have been acquired upon
this point. All animals arise from uniform eggs,
however different their final development may be.
But however like they are at first, we soon notice
the difference. The growth of the germ in Radi-
ata does not take place in the same manner as
that of Mollusea; nor does it take place as in
Articnlata; and we have again seen that the growth
of the germ in Vertebrata takes place in a different
manner. And to make this more prominent by
figures,we can represent the Vertebrata.as we have
done with the other great types, as follews:—
by a doable crescent in two opposite directions,
showing that there is a special cavity containing
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the brain and the main organs of sensation, and a
lower cavity containing the intestines and respira-
tory organs. And this symbol will be only & copy
of the outlines of the embryoniec growth of any of
these vertebrated animals.

But we have found these metamorphoses to
agree in many instances with the gradation which
structure had illustrated. We may therefore in-
fer from the snccessive development of structure,
the order in which animals should follow in a
natoral arrangement, as ascertained by the
knowledge of metamorphosis. So that, vice versa,
the study of Embryology will improve our classi-
fication, as derived from anatomical data, as well
as anatomical investigation will go to complete
the inferences derived from Embryology.

I think I have particularly been able to show
that classification in its details may be improved
by Embryological evidence. And it is upon this
point I woald insist: that a more extensive knowl-
edge of young animals will be extensively useful -
to the farther progress of Zoology, as affording, by
the comparison of successive changes, the means
to assign to full grown animals their respective
places in any given group.

The facts are already numerous enough to allow
us to conslder this principle as the fundamental
principle of classification, which should overrule
the information derived from Anatomy in the de-
tails, as here Embrvology assigns a walue to the
external forms for which comparative Anatomy has
no understanding. Comparative Anatomy has not
been able.to value the external forms, to assign to
them any importance. But Embryology, by the
metamorphoses which take place in animals, as-
signs now a value to external forms, and not only
assigns to them a value, but a chronological value,
by which it is possible to consider as lower those
animals which agree with the earlier forms of the
germs.

These remarks would lead me to make some ob-
servations upon what is next to be done in these
investigations. That a greater number of animals
must be investigated than has been done before, is
obvions. There are several animals, upon which
we have no information.

Bat these results should not be traced simply
with reference to Physiology, as it has been hither-
to. All Physiologists have traced them with refer-
ence to the structure of the organs, to the structure
of the tissues, to the stroctore of their various
systems, and not with a view to understand their
forms. Simple sketches of the outlines of variouns
forms of germs fom varions families,with their de-
seription, would be a highly valuable contribution
to the stock of our knowledge at present, and wonld
afford, as rough as they may be,the means to place
in a patural position many genera which are now
placed in & most arbitrary order in our method.

I do not undervalue our past labors in classifica-
tion, but I make a distinction between what has
been done in an arbitrary manner, and what has
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