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DISCOPHORAE.

CHAPTER FIRST

DISCOPHORZE IN GENERAL.

SECTION 1.

STRUCTURE OF THE DISCOPHORZ.

Tee order of the Discophore, as I believe it to be limited in nature, does not
embrace all the Acalephs referred to it by Eschscholtz, but only those which he
calls Discophorse Phanerocarpe, and which Forbes has designated under the name
of Steganophthalmata, and Gegenbaur under that of Acraspeda. To these I think
some of the Cryptocarps, such as the Charybdeide and Egmide, which were
but imperfectly known to Eschscholtz, must also be added. But, whatever be the
true limits of the subdivisions which the progress of science has rendered neces-
sary among the Discophor, since these Acalephs were first united as one group
by Lamarck, and finally characterized as an order by Eschscholtz, so much is certain,
that there are two distinct types among them, differing widely in their structure
as well as in their mode of reproduction. I believe, however, that the true
principle upon which they may be distinguished has not yet been pointed out,
and that neither the presence nor the absence of a veil around the margin of their
ditk, upon which Gegenbaur has based his division of the Craspedota and'Acraspeda,
neither the exposed nor the protected position of the marginal eyespecks, which
Forbes has taken as a basis for the separation of the Steganophthalmata and Gym-
nophthalmata, nor the development of the ovaries and spermaries, upon which
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Eschscholtz has founded his subdivisions of the Phanerocarpse and Cryptocarpze, truly
marks the limit between the primary subdivisions which ought to be admitted
among the Discophor.

In the first place, the marginal veil exists in some of the Acraspeda of Gegen-
baur, as well as in his Craspedota: it is, for instance, well developed in the Medusa,
or Aurelia aurita, the most common of all the Huropean Discophor®, and has
already been described and figured by Ehrenberg in his elaborate paper upon that-
species. 1 have also found it in another species of the same genus, Aurelia flavi-
dula Pér. and LeS, which is quite as common upon the Atlantic coast of North
America, as the Aurelia aurita is along the shores of Europe. As to the position
and structure of the eyes in Discophor, there is in that respect no essential
difference among them upon which a primary subdivision may be founded; and
Gegenbaur, who has paid special attention to these organs, has already been led
to discard them as a test of their closer affinities. Indeed, while these organs are
altogether wanting in some of the Gymmophthalmata, others of the same division
have quite as highly organized eyes as some of the Steganophthalmata; and as to
the difference in their position, it is not essentially modified by the folds of the
marginal disk which generally protect them, and these folds are also wanting in
some of them. Moreover, all the marginal organs of the Discophorse —those which :
have been described as eyes as well as those which are considered as auditive
sacs —are either simple or modified tentacles, and therefore strictly homologous with
one another, so much so that the differences which exist among them constitute,
in my opinion, only generic differences, as the modifications, number, and position
of the tentacles themselves, and can in no way be made the basis of a primary
subdivision, as Forbes maintained.

The distinction introduced by Eschscholtz seems to me of higher importance,
though the manner in which he has expressed the differences he perceived does
not seem to have impressed other naturalists very forcibly ; for all those who have
made a special study of the Acalephs since his time have discarded the characters
upon which he subdivided the Discophorse into Phanerocarpse and Cryptocarp®, and
even gone so far as to consider the distinction as erromeous. It is true, Esch-
scholtz did not know how the Cryptocarpe are reproduced: he did not even observe
their sexual organs, and therefore united them together under that name. But
the discovery of ovaries and spermaries in the majority of the Cryptocarpae did
not increase the resemblance of their reproductive organs to those of the Phanero-
carpee beyond what it really is: it only showed, that, like these, they also have
organs of the sexes. Had not the discovery of their presence obliterated the dis-
tinction made by Eschscholtz, it would have been remembered that in the Phane-
rocarpe the ovaries as well as the spermaries are complicated organs, contained in
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distinct pouches communicating directly with the main cavity of the body and
discharging their eggs into that cavity and then through the mouth; while in the
Cryptocarpee they consist only of folds along the course of the chymiferous tubes or
upon the sides of the proboscis, and discharging their eggs immediately into the
surrounding medium, but never through the main cavity and the mouth. Here,
then, is a typical difference between two natural groups of the Discophore of former
authors; and it is upon this ground that I would separate the Phanerocarpee from
the Cryptocarpe as a distinct order, especially since I shall be able to show that
while the latter differ in this way from the former, they at the same time agree
both in structure and in mode of development with the Hydroids and Siphonophorz,
and should form with them another distinct order.

The discoveries respecting the mode of development of the Acalephs made during
the last quarter of the present century add great weight to this distinction, for they
show that while the Phanerocarpse produce, either directly or through the process of
a transverse division of a polypoid young, a kind of larva (the Ephyra), which
is gradually transformed into a perfect Medusa, the Cryptocarpe originate in alternate
generations as buds from similar polypoid animals. But even if nothing was known
of the mode of reproduction of the Discophorse Phanerocarpse and Cryptocarpse, I
maintain that these Acalephs, in their adult state, should be separated from one
another on account of their structure.

"The body of the Cryptocarpe consists of a disk, of an umbrella or bellshaped
form, the lower layer of which, perforated in the centre, projects from the lower
surface in the shape of a longer or shorter proboscis, terminating in various ways
in different families. The two layers recede slightly from one another at the base
of the proboscis, and form a more or less extensive central cavity, from which
arise directly a larger or smaller number of narrow tubes extending to the edge
of the disk, where they are umited by a similar continuous, simple, circular tube,
beyond which ‘the margin of the disk is bent inward in the shape of a projecting
veil, more or less closing the space beneath the disk; while from the border,
formed by this inversion of the margin, arise, along the circular tube, a larger or
smaller number of plain or hollow tentacles, in some families limited to the point
of intersection of the radiating and circular tubes, and in others extending around
the whole disk. Pigment specks appear upon the .base of the tentacles of some;
while in others, more complicated eye-specks or auditive vesicles occupy the position
of tentacles.

In the Phanerocarpe, on the contrary, the lower layer of the disk not only
recedes from the upper, but thickens around the central opening into four solid
pillars supporting the four angles of the digestive cavity and extending downward,
in the shape of four so-called arms which surround the mouth. This peculiar structure,
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while it gives a more definite form to the digestive cavity and keeps its lower
floor permanently apart from the upper floor, also secures a greater independence
to the apparatus corresponding to the proboscis of the Cryptocarp® as a whole,
and to each of its four prominent appendages separately. ~Moreover, the side walls
of the digestive cavity are comparatively thin in the intervals between the four-
pillars; so much so, indeed, that the walls appear perforated, and have generally
been described as perforated, when in reality these seeming holes are walled over
by a veil more or less tightly stretched across the holes, and frequently forming
pendent pouches, to the inner surface of which the ovaries and spermaries are
attached. The chymiferous system never consists of simple tubes immediately arising
from the central cavity and reaching directly a simple circular tube, but always
present comiplicated anastomoses at the margin of the disk, while the channels
arising from the central cavity are either simple tubes or wide sacs opening freely
into the main cavity. As in the Cryptocarps, the tentacles are either few occu-
pying a special position, or many along the whole margin of the disk, or they are
entirely wanting. The eye-specks are always at the peripheric end of simple
radiating tubes, but never at the base of a tentacle along the circular tube. They
are frequently, but not always, protected by folds of the margin of the disk.
The margin of the disk is very thin, and sometimes turned inward, in. the shape
of a veil

The position of the ovaries and spermaries is so peculiar, and contrasts so strik-
ingly with that of the Cryptocarpee, that the way in which the eggs are freed
is very different. In the Phanerocarpse the egg sacs are arranged in loops or
festoons upon the inner surface of the veil closing the lateral holes or pouches
of the main calvity, and when the eggs are detached they move into the digestive
cavity, and, following the channels formed by the arm-like prolongations of the four
pillars which support its angles, finally reach the little marginal sacs of the arms,
in which they remain until they are cast ofl into the surrounding medium. Peculiar
as this structure may seem when compared to -that of the Cryptocarp=, there is
yet the closest homology between them, for the large pouches containing the ovaries
and spermaries of the Phanerocarpa are, after all, only dilatations of the chymiferous
system along the course of its radiating channels; while in Cryptocarps, instead
of large pouches there are simple, narrow tubes, upon the sides of which the eggs
are developed, and from which they immediately drop into the surrounding medium.
The fact, that in some Cryptocarpa the eggs are developed upon the proboscis,
in no way conflicts with this explanation, since the angles of the proboscis, as may
best be seen in Bougainvillea, are quite as much the direct prolongation of the
radiating tubes, as the ovarian pouches of Cyanea are a direct prolongation of its
radiating chymiferous sacs.
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SECTION 1II.

SUB-ORDERS OF THE DISCOPHORZ PROPER.

Having pointed out the typical differences which distinguish the Discophorse
Cryptocarpe and the Phanerocarp®, I feel justified in maintaining that these two
groups of Acalephs ought to be considered as belonging to different orders of their
class; and that, while the Phanerocarpe constitute an order by ihemselves, for which
I retain the name of Discophors, the Cryptocarpse must be united with the Siphon-
ophoree and the Hydroids proper, with which they agree much more closely in
their structure than with the Phanerocarpe. There can be no doubt that the
Discophor® proper are superior to the Hydroide and Siphonophorse, and Eschscholtz
has already pointed out their affinity to the Ctenophor®, arising from the fact
that their body has generally eight prominent segments; that is to say, the Dis-
cophors, like the Ctenophorw, are built of eight spheromeres, while the Hydroidee
generally number only four.

We have now to consider the natural subdivisions of the Discophorse proper.
Thus far, the many and most diversified representatives of this beautiful order of
Acalephs have generally been divided into two families only, the Medusidee and the
Rhizostomidse, first characterized by Eschscholtz; or, when further subdivisions have
been proposed, as was done by Tilesius, Brandt, Lesson, and Gegenbaur, these were
also considered as families, the characters upon which the new groups were founded
being of the same kind as those adduced by Eschscholtz. But while I believe
with Gegenbaur, that the Acraspeda (Discophor@ proper) include a larger number
of families than were admitted by Eschscholtz, I am further satisfied that this order
contains not only well-marked families, but also several structural types of a higher
rank than that to which natural families are entitled.

Assuming for the present, that the groups of Discophorz called by Tilesius,
Rhizostomee, Cephes, and Cassiope®, are natural families; that those he has desig-
nated as Pelagie and Aureli® are also natural families; and that to these the Cyanez
and Charybdese must also be added as natural families, the natural limits of which
we shall consider hereafter,—it should not be overlooked that the Rhizostomese, the
Cephez, and the Cassiopez have certain characters in common which sep.arate them
more distinctly from the Aurelize, Pelagiee, and Cyanes, than the characters by
which they are distinguished from one another, and that the Charybdez are again
very distinct from' these two groups. Admitting further, what every naturalist at
all familiar with the Acalephs will readily concede, that, whatever may be the
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characters thus far assigned to the Rhizostomez, the Cephe®, and the Cassiopese,
they differ most strikingly in their form, and especially in the form of their oral
appendages; that similar differences exist in the form of the Aureliz, the Pelagie,
and the Cyanesm; and that the Charybdese are still further removed from these two
groups by their peculiar form,— the question at once arises, What are the characters
which bind the Rhizostomes, the Cephes, and the Cassiopese so closely that Esch-
scholtz should have united them as one natural group, even though he himself
never had an opportunity of examining any of their number? and what are the
characters which justified Tilesius in dividing them into three families? On the
contrary, What are the characters which led Eschscholtz to unite the Aureliz, the
Pelagi®, and the Cyanez into one group, which is natural, even though the attempts
of recent writers to subdivide them into several families be equally justifiable ?
and what, finally, are the reasons which could satisfy Gegenbaur that the Alginide
are the most aberrant type among the Craspedota, though among themselves they
are very closely linked together?

I believe that these questions are not difficult to answer, if we apply to their
solution the tests which I have proposed in analyzing the different categories of
structure upon which different kinds of natural divisions may be founded in the
animal kingdom. The Rhizostomes, the Cephes, and the Cassiopee may be dis-
tinguished as natural families because their form is different: they may be united
into one natural group because they agree in certain complications of their structure,
by which- they at the same time differ from the Aurelize, the Pelagie, and the
Cyane. These again agree with one another in some other complications of struc-
ture as much as they differ from one another in their form; and this is also true
of the Charybde® and Zginidee, which, as I shall show hereafter, ought to be united
into one and the same group, on account of the peculiar complication of their
structure, though they also constitute distinct families, characterized by their form.
We have thus among Discophorae proper, twol‘categories of characters thus far not
sufficiently distinguished, which, when properly analyzed, lead to the recognition of
a greater number of natural families than are generally admitted among these Aca-
lephs, and at the same time point out the manner in which these families may
be combined into higher groups. But what are these higher groups? Can they
be orders?

We have already seen that the class of Acalephs contains only three natural
orders;— the Ctenophoree, the Discophorae proper, and the Hydroids, — characterized
by the complication of their structure, and occupying respectively the rank in which
they are here enumerated, the Ctenophorm being the highest and the Hydroide
the lowest. If, then, there are among the Discophoree natural groups of a higher
rank than families, and yet not entitled to be considered as distinct orders, they
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ought to be characterized by some special complication of their structure which does
not affect their whole organization; or, in other words, they are likely to be sub-
orders. Now, such groups unquestionably exist; and if we compare the structural
peculiarities which distinguish the numerous Discophore allied to Aurelia, Pelagia,
and- Cyanea on one side from those allied to Rhizostoma, Cephea, and Cassiopea
on the other side, we cannot fail to perceive that these structural peculiarities do
not embrace their whole organization, but only the appendages around the mouth
and those of the margin of the disk. And while all the families allied to Aurelia
have marginal tentacles and a mouth opening freely, though surrounded by more
or less extensive appendages, all the families allied to Rhizostoma are deprived of
marginal tentacles, and the appendages of the mouth are soldered along their margin
so as to leave only at intervals narrow passages for the admission of the food. We
have thus two distinct sub-orders among the Discophorze, for which I would propose
the names of Discorrorz SmiumostroMez and Discormorz RuizosToMeE; and to these a
third sub-order must be added, which I would call DiscorHorZE HAPLOSTOMEZE, including
the Charybdeidee and the Aiginidee. A comparison of the latter with the other
naked-eyed Medus®, with which they have generally been associated, will readily
show how much they differ from them. Instead of simple radiating tubes communi-
cating freely with a circular tube, they have wide radiating pouches so similar to
those of the Ephyrw, about the time the tentacles are beginning to form, that the
affinity is unmistakable. Moreover, as far as their mode of reproduction is known,
the /Egmidee agree in their development with the Discophor@ Semaostomes which,
like Pelagia, undergo a direct metamorphosis without intervening strobilalike seg-
mentation. But they constitute a distinct sub-order inferior to the Rhizostomes
and Semeostome, inasmuch as the mouth is as simple as that of the naked-eyed
Medusee; and the marginal organs, the tentacles and the eye-specks, are also of an
inferior character. If these views are correct, the Discophore should then be
subdivided into the following natural sub-orders: —

I. RHIZOSTOMEAA.
II. SEMZEOSTOMEZ.
1I. HAPLOSTOME.E.

I shall hereafter, I think, succeed in showing that the minor subdivisions of the
Discophor@ mentioned above are natural families founded upon such peculiarities
of structure as determine the form only; while the three sub-orders just mentioned

are founded upon complications of structure limited to some of their parts only.
VOL. 1V. 2



CHAPTER SECOND

THE GENUS AURELIA AND ITS SPECIES.

SECTION I.

GENERAL REMARKS.

Tae methods now pursued, in treating subjects. of Natural History, are to a great
extent stereotyped, according to the topics under consideration. In descriptive
zodlogy it is customary to introduce short characteristic phrases, called diagnoses,
pointing out prominently the most striking differences among species, and to have
longer and more minute descriptions follow, in which every peculiarity that may
have been noticed is enumerated at full length; but, in a laudable zeal for fulness
and accuracy, it happens but too frequently that remarks are introduced in no
Way relating to specific characters. Some naturalists make the study of species an
occasion of ascertaining more fully their various degrees of affinity or relationship,
with a view to their systematic arrangement; while others study with greater care
the habits of animals, or their geographical distribution, or their uses to man. In
comparative anatomy the modes of treatment are not less varied. Some authors,
- devoting themselves chiefly to a thorough investigation of the structure of animals,
describe their organization in the minutest manner; but we constantly find
structural features which may be common to an entire family, nay even to whole
classes, dealt with, in such monographs, as if they were specific peculiarities of
the animals under consideration. Other writers aim more especially at a study
of the relations which exist between structures seemingly very different from one
another; and thus, while they may acquire a. deeper insight into the laws of the
organization of animals and trace the remotest homologies and distinguish them
from analogical resemblances, frequently overlook the typical differences which con-
stitute natural subordinate groups in the animal kingdom.  Others limit their
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Investigations to the structure of special classes, either considering them by them-
selves or comparing them with allied types. Others still, look upon structure chiefly
with a view of ascertaining the functions of the organs, and may trace these
functions either through the whole series of animals or within the limits of some
particular group. The danger of this kind of researches lies in the tendency, forced
upon the investigator at almost every step of his inquiry, to take the functions
as a safe guide in the appreciation of the true structural character of the organs.
On the other hand, the student of microscopic anatomy traces chiefly the elementary
parts of all the organic structures; but while he reveals to us a world unseen
by the ordinary powers of our senses, he is apt to overlook the more compre-
hensive relations of all these parts in their extensive combinations. The same may
be said of the embryologists. They confine their studies too exclusively to the
investigation of the earlier periods in the development of animals, and leave gener-
ally unnoticed that state of growth during which the new being, having acquired
an unmistakable resemblance to its parent, has still to go through a series of
transformations before it is itself capable of reproducing its kind. Moreover, during
these changes most animals have very different forms, and display sometimes so
striking a resemblance to full-grown amimals of other types, that these analogies
ought to be traced more closely than is usually done. Finally, paleontologists have
of late become so thoroughly satisfied that the animals of past ages are entirely
different from those now living, that they too frequently proceed to describe extinct
species without due comparisons with the living ones; and even represent fossil
remains as distinct species, without first determining how far species may be dis-
tinguished by the parts they have on hand. It is now, indeed, one of the most
pressing desiderata for the paleontologists to ascertain what are the parts in different
classes of animals which may be sufficient to identify a fossil genus, and what is
further required to determine the species. When I see how many fossil fishes have
been described within the last fifteen years as distinct from those now in existence,
without allusion to any comparisons with the skeletons of their living representatives,
I think it may well be asked whether it was done with a full consciousness ot
the limitation which the similarity of the skeleton of species of the same genus
forces upon the attempts of the paleontologists.

The study of organized beings, considered from these different points of view,
has necessarily led to the division of our science into a number of very distinct
branches, now mostly cultivated as specialities by different individuals; and yet all
these different branches of Natural History are only the systematized results, as it
were, of one-sided considerations. A complete history of an animal should embrace
the whole in a proper coordination. Their separation is only the natural conse-
quence of the difficulties inherent in the investigations, and of the necessity of
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using different means in studying the subject from different points of view, each
requiring a special training. Under these circumstances, it has occurred to me that
an attempt at combining into one systematic whole the various results obtained
during a prolonged investigation of one of our Acalephs might not be useless in
showing what may be done in studying steadily, for a great many years m suc-
cession, one of our most common species. I propose, therefore, in this chapter, to
make the attempt to present one of our most common Discophore, the Aurelia
flavidula of Péron and LeSueur, in all its different aspects. I hope thus not only
to revive the interest for a more careful investigation of our common animals, whose
study seems now universally neglected, but also to show that the harvest a student
of nature is likely to reap cannot fail to be richer, when he turns his attention
to common objects, which he may easily obtain at all seasons, than it can be
through seeking opportunities of describing new species.

Following what seems a natural course, I shall first give an account of the
formation and growth of our Aurelia, considered morphologically as well as micro-
scopically ; mext, I propose to consider the structure of the adult, and to trace
its homologies; then, to examine its habits, its geographical distribution, and its
affinities ; and, finally, to analyze all the data thus obtained, with a view to
improving the classification of Acalephs in general.

The genus Aurelia, to which this species belongs, was first characterized by Péron
and LeSueur, in 1809. Prior to that time the species belonging to it were included
in one genus, not only with all the other Discophoree, but even with all the Aca-
lephs then known. Aurelia flavidula, to which I intend to devote particular attention
here, is the North American representative of Aurelia aurita, the most common
Medusa of the coast of Europe. The latter species, having been described by
most writers on Acalephs, and minutely illustrated by Ehrenberg in a special paper,
affords a most desirable opportunity for extensive comparisons, rarely to be had
in investigations upon this class of animals.

SECTION II.

FORMATION AND GROWTH OF AURELIA FLAVIDULA, INCLUDING COMPARISONS WITH
CYANEA ARCTICA.

Tae Ece or AUReLiA rLAvIDULA.  Nothing is known of the manmer in which
the egg-cell originates; whether it is one of the cells of the ovary set free to
act in an independent manner, or develops from a fluid mass lying in the inter-
stices of the cells, has never been determined by direct observation.



Crar. II. AURELIA FLAVIDULA. 15

With a magnifying power of two hundred diameters we have seen simple
globular bodies (PL X* Figs. 16 and 17) scattered among the cells of the ovary,
but did not ascertain whether they were the discharged mesoblasts of the neighboring
tissue, or started from much smaller bodies than were then seen. That these. are
eggs is proved by easy and direct observation; for, starting here, we may trace a
gradated series of similar bodies, of intermediate sizes (Figs. 16, 17, 18, 19, and 20),
between the smallest and those which have all the characteristics of a genuine egg
(Fig. 21).  The smallest of these little globular bodies (Figs. 16, 17, and 18) resemble
spheres of jelly, perfectly homogeneous throughout. When, under the same magni-
fying power, the egg appears to the ejre to be about one eighth of an inch in
diameter (ZF%g. 19), its contents consist of comparatively large globules, five of which
would occupy the whole diameter of the egg. These globules are perfectly clear
and homogeneous, and very remarkable, from the fact that so few yolk granules should
fill a whole egg. They do not seem to be permanent, for in another egg (Fig. 20),
not much larger than this, the globules are considerably smaller and much more
numerous.  The intermediate state between these two eggs we have not seen; but
there can hardly be any doubt that there is a total breaking up of the globules of
the first egg, and then a new development, in order to produce the smaller globules
of the second. It can hardly be supposed that these extemsive changes could go on
in such a body without being limited by a definite envelope having sufficient con-
sistency to resist the breaking out of the unstable contents; yet such would seem to
be the fact at first sight. But when we examine more closely we find, that although
it is difficult to detect any definite boundary short of the superficies of the egg,
yet it is palpably evident that the globular contents of the first egg (Fig. 19) are
restrained within an area which has its limits at a very marked distance within
the periphery. Here it would seem, then, that the vitelline sac has the same
degree of refraction as the fluid portion of the yolk, but possesses a greater degree
of consistency, and perhaps a different density. This fact should be Borne in mind
by those who advocate the formation of the Purkinjean vesicle as a primary step
in the development of the egg, and the subsequent deposit of yolk around this
vesicle as a nucleus, previous to the development of the yolk-sac.

By the time the egg has grown to be one third greater in diameter (Fig. 21)
than the last one (Fig. 20) mentioned, the Purkinjean vesicle (Fjy. 21 ) has appeared,
and developed to a considerable size, in fact fills one half of the diameter of the
egg, and the Wagnerian vesicle (w) already occupies one fourth of the diameter of
the Purkinjean vesicle. Both these vesicles are perfectly clear and homogeneous.
The yolk-cells are no larger than in the last phase, but more densely packed; so
that their cellular nature is not so easily recognized, and therefore they appear more
like o mass of granules, as represented in the figure. If the egg were magnified
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0 as to appear about three times the diameter represented here, the yolk-cells
would have the size and appearance of those in Fig. 24 y. The yolk-sac is so
exceedingly thin that the yolk appears to extend to the very periphery of the
egg. At this stage of growth the yolk has no longer the transparent, colorless
appearance of the earlier periods, but presents a bluish-gray color. ~From this time
forward there is but one remarkable change noticeable in the egg, and that is the
dissolution of the yolk-cells and their re-development. That this does occur is proved
by the fact, that in a fully grown egg (Fig. 22) the yolk-cells (y) are smaller than
those of the last phase mentioned (Fi. 21); and to demonstrate that they are not
the mesoblasts of the cells of the previous period, it is enough to say that these
cells were not mesoblasted.

For a short time after this, the egg would seem to increase in size, but not
as an entire egg. The Purkinjean vesicle (Pl X® .Fy. 23 p) bursts, and yet the
space occupied by it remains clear, and the Wagnerian vesicle (Fy. 23 w) continues
intact, and might be mistaken for the Purkinjean vesicle, were it not for its peculiar
appearance, by which it may be recognized when compared with other Wagnerian
vesicles of undoubted character and relations. The yolk-cells, at this period, are
larger than ever, and have an apparent diameter, under this magnifying power, of
about one thirtieth of an inch, or in reality g%y of an inch in diameter. The
vitelline sac is very thick, a peculiarity also noticeable in the ripe egg of another
genus, Cyanea (see PL X. Fig. 2 ), but never in the eggs of any of the naked-
eyed Meduse. Finally, the Wagnerian vesicle bursts, and leaves a homogeneous
clear space (Pl X* Fig. 24 p) in the centre of the egg. To what degree this clear
space is filled up, or whether it disappears altogether during segmentation, we are
not able to state; for we have not seen the segmentation of the yolk either in
Aurelia or in Cyanea!

TeE Pranvra or AURELIA FLAVIDULA? After segmentation there is some variation
in the age at which the young leave the ovary and enter the pouches of the oral
appendages; for they do it by their own strength, being provided with vibratile
cilia all over the body (Zig. 25). Some go out before they have lost their globular
shape (Fig. 25), and others remain until they have become oval (Fig. 30), or even
quite elongate (Figs. 31 and 32); but at no time do they leave in an unsegmented
state?  There would seem to be considerable variation in size among the young,

1 If we may judge from Siebold’s figures (Neueste * See Vol. IIL. p. 80 for the meaning of the
Schriften der Naturforschenden Gesellschaft in Dan- word planula as used here.
zig, 1839, Tab. 1, Figs. 3, 4, 5% and 5°) of the ® SieBoLp (Neueste Schrift. etc., Danzig, 1839,
segmentation of the yolk of Medusa (Aurelia) aurita, Fig. 18) says in regard to Aurelia aurita, that the
we should say that this clear space became obli- eggs escape from the ovary and reach the pouches

terated during the process. without the help of vibratile cilia; but then again,
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from the earliest stages; but this is a very difficult matter to decide upon, because
they have a great degree of contractility and expansibility, and moreover they can
change their shape, at least after the walls have become defined.

In the earliest stages after segmentation, when the embryo has a perfectly
globular form (Fjy. 25), it swims about with a rolling motion, ever changing its
axis of rotation, and proceeds in a zigzag direction hither and thither, now and
then shooting off, for a short distance, in a straight line. In order to reach
the pouches of the proboscis, they must of necessity swim in a more definite
direction than this, and so we find that the majority of those which have arrived
there are more or less elongated in form: these swim very swiftly, and in a
direct course, with one end forward, and roll upon the longer axis. Not only are
the young ciliated before they leave the ovary, but also the outer and inner walls
are apparent (Figs. 26, 27, and 28 ¢ ), and the digestive. cavity (d) has begun to
form; and others have become oval (Figs. 30, 31, and 32), and the incipient for-
mation of the mouth (Fi. 30 ¢) may be recognized by a depression at one end.
A few ciliated globular embryos reach the pouches; but, when compared with the
elongated forms, they mdy be considered as exceptional cases.

After segmentation has thoroughly done its office, the embryo is endued with
a covering of vibratile cilia (Pl X Fig. 25). These cilia are very short, and so
exceedingly delicate that they might readily escape the eye of the observer; and
in numbers they are fully equal to the cells of the outer wall. Whether each
cell is furnished with a single cilium, or not, we cannot say. Notwithstanding that
the embryo at this age swims, revolving on a changeable axis, we may see, by
the decided and appropriate motions of the cilia, varying according to the direction
in which the body proceeds, that volition has to do with every turn the sphere
makes. At one moment these cilia are all bent in one direction, and at the
next they stop their vibrations and throw themselves, as if by preconcerted signal,
to an opposite side; and then, the body assuming a new axis of revolution, they
go on with their vibrations until a new course is adopted. It can hardly be said,
that the embryo, whilst in this, the globular state, pursues any particular course;
but rather that it progresses along a zigzag, or an irregular spiral path, and rarely
darts off in a straight line. Now and then one is seen to go for a considerable
distance in one direction; but this happens when it is in the midst of the older
oval forms, which sweep it along in the current. In this way someﬁmes, but very
rarely, the youngest globular embryos reach the pouches.

at page 21, he would seem to show that these were germinal vesicle nor the germinal spot” At the
not in the egg state proper, for he remarks that same time, however, he describes the segmentation
after they reach this place he “could not find the of the yolk as taking place in the pouches.
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The first indication of any change taking place in the interior of these ciliated
globes is a growing transparency of the peripheric portion, just beneath the coating
of cilia (Fi. 25), and also a similar modification of the centre of the maxs.  Soon
the nature of these changes becomes more obvious, as we find that the outer portion
of the embryo grows more and more transparent, until a distinct layer (Fig. 26 a)
declares itself, surrounding the whole mass as if with a thick envelope. At the
same time the centre continues to increase in transparency over a larger field,
until the whole is lighted up as if by an interior illumination. By plunging the
focus of the microscope to the centre of the embryo, we find there a spherical
cavity (Fig. 27 d) with a very clearly marked outline. This at once gives a defi-
uite character to the different regions of the body: the outer envelope is the
outer wall (a) of the body, the part included by this is the inner wall (4), and
the cavity (d) is the digestive cavity in an incipient state. As yet there is
nothing present which indicates either right and left or before and behind, but
every. thing is equally disposed about a central spherical cavity. The average
diameter of the majority of the embryos at this time is 3{y of an inch: some,
however, measure as small as 513 of an inch, and others as large as 5}z of an
inch. The digestive cavity continues to enlarge until its diameter is equal to half
that of the whole body (ZFig. 28 d) before any other sensible changes take place.
Up to this time the embryo has been of a uniform, transparent gray color; but
now the inner surface of the digestive cavity (Fiy. 28 d) is tinted with a faint
rosy color, which suffuses the whole body with a delicate blush.

The next phase introduces the formation of the mouth. This is brought about
in the first place by the formation of a depression (Fig. 29 ¢) on the outer surface
of the inner wall (4), and from thence a passage is formed inwardly to the digestive
cavity (d). The outer wall is pierced, sometimes soon and at other times much
later. ~ After the formation of the mouth and the passage-way to the digestive
cavity they are seldom seen, because the embryo keeps them closed, except when
swallowing its food; and hence some of the older forms figured on this plate
appear to have no mouth (Figs. 31 and 32), or no passage (Figs. 30, 34, 35, and
'36) to the interior. The figure which we have referred to for the formation of
the mouth and the passage-way to the digestive cavity (Fiy. 29) was contracted
vertically at the moment it was drawn, but the true form is oval like the figure
below it (Fig. 32). The degree of contractility which these embryos possess is
well illustrated by two figures (Figs. 31 and 32) placed here side by side; for
these figures were copied from the same individual. This faculty is possessed by
the embryo from the earliest period after segmentation has finished, and increases in
degree with the development of the body. Sometimes one may observe a single
organ or part of the body contract or expand, while the rest remains immovable ;
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for instance, the inner wall (Fj. 33 b) expands inward until the digestive cavity
(@) is nearly or entirely obliterated for the time being.

In the next phase the body assumes an ovate form (£%g. 34), with the mouth
(¢) at the broader end. From this it soon passes into an elongate pyriform or
broadly cylindric shape (Fig. 35), at the same time increasing to nearly double the
size, but the different regions of the body retaining the same relative proportions.
Soon, however, more decided changes occur, and the embryo pursues a more varied
and active life. In the first place the body becomes slightly flattened, or four-
sided, at the upper half next the mouth (£1g. 36 ¢), and the four corners (¢) project
slightly, whilst at the opposite end (¢') the body assumes a narrower and truncate
form; so that, on the whole, the body appears wedge-shaped in outline. The outer
wall («) retains the same thickness as in the last phases, but the inner wall (5)
grows thin at the four corners (¢) of the actinal end, and the digestive cavity
(d) embraces twofold the extent that it did in the last stage, and in some cases,
when the embryo is unusually large (Fig. 36), fourfold. The average length of
the body at this time is {i; of an inch, but there are here and there some
embryos which measure ¢ of an inch long (Zlg. 36). 1In the latter case it is
probable that the embryo is very much expanded. The vibratile cilia are no
longer than at the earliest periods; and, as a natural consequence, the movements
of the embryo are heavy and slow to vary, and the onward motion is very tardy
in comparison with that of the embryo of Cyanea (PL X. Figs. 10 and 10°). The
rosy hue of the former phases has deepened to a brownish pink color, which
lines the whole digestive cavity and renders it very conspicuous. This phase is
the last one in the free life of the scyphostoma of Aurelia, and in the next we
find the embryo settling down upon the narrower end of the body and attaching
itself to its foundation by a horny secretion.

After this phase the mode of development, and the proportions and size, of
the scyphostoma of Aurelia and Cyanea, are to all appearance identical; and we
shall therefore describe them together, as if they were one, after having described
the earlier stages of Cyanea, corresponding to those of Aurelia already considered.

Tue Eoa or Cyanea arcmica.  We have observed only two stages in the develop-
ment of the egg of Cyanea; one at quite an early period, and the other at
maturity. It is proper to state here, that the eggs may not have been in a perfectly
natural condition, as the animal from which they were taken was in a dying state.
The first (PL X. Fig. 1) of these two stages corresponds in size to fig. 19, PL X
but the latter is in a much earlier state of development. The magnifying power
used here was about four hundred diameters. The yolk sac is very thin, and
appears like a mere film around the yolk. The yolk is very transparent and
colorless, and consists of rather coarse granules, not very closely crowded except
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at one point (PL X. Fig. 1 y'), where they are so densely packed together as to
appear quite dark. The Purkinjean vesicle (p) is very clear and homogeneous, and
is one quarter of the diameter of the egg. The Wagnerian vesicle (w) is a clear cell,
which occupies a little less than one half of the diameter of the Purkinjean vesicle.
The yolk sac (Fig. 2 v) of the mature egg is quite thick, a peculiarity before
noticed, when speaking of the mature egg of Aurelia (Pl X Fig. 23). The yolk
is divided into two kinds: an outer, thick layer (y) of very transparent, rather
coarsely granular substance, and a central mass (y') of densely crowded dark grains.
The Purkinjean vesicle has burst, but the place which it occupied is marked by
a clear space (p) in the darker yolk mass (z').

Tre Pranvra oF Cyavea. There is a remarkable difference between the mode of
development of Aurelia and that of Cyanea, and this, too, from the earliest period
after the segmentation of the yolk. The embryo of Cyanea, in its globular state
(PL. X. Fig. 3), has not more than two thirds the diameter of that of Aurelia. The
figure given here was drawn from a specimen magnified five hundred diameters.
The vibratile cilia are very short and faint, and difficult to detect when the animal
is revolving rapidly. The cells of the exterior are very prominent, so that the
surface of the revolving globe appears as if papillated. They are also very trans-
parent to a considerable depth; but, although appearing like a thick envelope, they
do not as yet form a distinct wall apart from the interior mass. The bulk of
the body consists of a dark gray mass of cells, in the centre of which is a clear
portion, equalling one third of the diameter of the whole body. In this solid state
the embryo moves about in the same manner as the young of Aurelia, and gets
into the pouches of the proboscis by the same process.

From the globular state the embryo passes to a more active existence, and,
increasing considerably in diameter, changes its form to a broadly ovate shape
(Figs. 4 and 4*), and its cilia grow to more than double their former length, and
become quite conspicuous. The outer transparent layer of the cells retains the
thickness of the last phase, but the inner dark gray mass changes to a great extent
and its peripheric portion becomes very dark orange red, whilst the interior region,
constituting two thirds of the whole body, grows very clear, like the periphery of
the embryo. The revolutions of the body are now very rapid, and, its axis of
rotation corresponding to its greater diameter, the embryo moves in direct lines
from place to place, with the broader end forward. The vibratile cilia incline to
the body at different angles at different times; when the rotation is slow they
project nearly at right angles, but When it is rapid they incline, contrary to the
direction of the revolution, at an angle of forty-five degrees or even less (Fig. 4%).
In the latter instance the cilia appear as if swept backward by a swift current,
whereas the movement of each one is completely under its own control, as may
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oftentimes be observed when here and there one or several project for a while
at a different angle from the rest, and then fall back to the common inclination,
whilst others rise up or subside in the like manner at different points of the body.
The trend of the cilia depends upon the velocity of the body as it bores its way
through the water: when going swiftly, the cilia point obliquely backwards, at an
angle of thirty or forty degrees to the longer axis; but when progressing slowly,
they either vibrate with much less rapidity, or else, keeping up the energy of
their motions, they assume a trend more nearly at right angles to the axis of
revolution, and thus the body rotates very fast, without, however, advancing at a
corresponding rate. Thus oftentimes we may see the embryo progressing very
rapidly, and all at once almost or altogether cease its forward motion, without
retarding the velocity of its rotation.

In the next phase (Figs. 5 and 5°) the body is elongate cylindrical, and, being
more active than in the last stage, the motions forward and backward, and the
rotations and retroversions, excite the attention more readily. There is another
mode of progress sometimes adopted by the embryo, which reminds one of the.
movements of certain forms of the so-called Infusoria, such as Leucophrys and
Paramecium : we refer to its unaccountable habit of whirling over, end for end,
as a club does when hurled through the air. This it will do occasionally without
moving from the spot, and so persistently and rapidly that the eye sees hardly
any thing but a flitting shadow. The outer layers of cells are very clear, and have
a crystalline brilliancy, which would seem to result from the sharply polygonal form
of the cells; the interior of the body is wholly opaque, and colored deep orange
red. It would seem from this, that the clear interior mass had become totally
changed into pigment cells; but of this we cannot speak decidedly, since the animal
has powers of contraction so great that it is possible the clear centre is reduced
to a very small size, and hidden from view by the opacity of the pigment cells.
Fig. 6, compared with Fjy. 5, is an example of the variation in size which the
embryos exhibit at this age.

As a further step in development the embryo becomes oval in outline, and a
hollow space appears in the interior, near one end (Fig. 7 d). In the numerous
embryos which we have examined, this space has always appeared at that part of
the body which is behind when the animal swims; yet it may vary in its position,
as occurs in a later stage, when the whole of one end of the embryo is hollowed
out so as to leave a remarkably clear space (Fi. 8 d). This space, as in the
last stage, is usually seen behind; but occasionally the animal shifts, as it were,
its opaque load of orange red pigment to the opposite end. Whether the orange
mass within is really loosened from the outer transparent layer, or the embryo
has the power of suddenly forming a hollow space where it pleases, we cannot
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say positively; but it seems quite probable that the former is the case. The degree
of contractility which the embryo possesses is shown by Fligs. 8 and 8, which were
taken from the same individual.

In an immediately subsequent phase a totally mew form presents itself: by the
flattening of the scyphostoma it assumes a shape (Figs. 9 and 9*) which strongly
reminds one of the blood dises of birds and reptiles; and were it not that the
two sides of the oval planula are simply concave, the resemblance would be complete.
The anterior end (Fig. 9*¢) is a little thicker than the posterior (¢'), and the middle
is the thinnest and occupied by a clear oval mass. The motions of the planula
are just as rapid and varied as in the last stage, but much more remarkable, on
account of the alternate presentation of its sides and edges to the eye in rapid
succession while it rotates upon its longer axis. The anterior end of the body
soon becomes much thicker (Fig. 10* ¢), and, when seen edgeways, presents an
angular outline and flat area at the extreme end (¢). At the posterior end (c'),
however, it does not change much in form. In an end view of the anterior end
(Fig. 10°), the outline is oval; the posterior end (ZF%. 10°) is also oval transversely
but not so thick proportionally. In the middle of the flat area (ZFig. 10* ¢) there
is a cup-shaped depression (Figs. 10 ¢, 10° ¢, and 10% ¢), which will at once be
recognized as the mouth in its incipient state. Excepting the outer transparent
layer, the whole body is very opaque. In a quiescent state the stiffened, bristlelike
appearance of the cilia (F%. 10%) calls to mind a similar phenomenon observable
among infusorial forms! At this stage the embryo terminates its free wandering
life, and it may be seen diligently seeking a place to lay its foundation; for such it
truly has, as we shall presently show. .

Tue Scyemostoma® oF AvureLia AND Cyanea. We now proceed to describe the
development of the scyphostoma of Cyanea and that of Aurelia together. The
wandering life of the planula form having come to an end, we may observe it set-
tling down upon its narrower end (Fligs. 10 and 10* ¢!): it wavers, and sways to
and fro as if it were trying to force its way downward into the substance upon
which it has. fastened itself, and then, as if dissatisfied with the promise of a good
basis for its foundation, it suddenly loosens its hold and swims away to another
locality, there to repeat the same kind of examination, until finally, after perhaps half
a dozen attempts, as we have observed, it finds a suitable place to rest upon perma-
nently. In the process of attaching itself, the posterior end (. 11 ¢*) becomes
simply flattened, or moulded to the shape of the body to which it adheres® The

! Ehrenberg has' actually mistaken the embryos %2 See Vol. III,, page 80, for the meaning of the
of Aurelia for parasitic Infusoria. Dic Acalephen word Scyphostoma as used here.

edsot hern DMeeres, Berlin, 1836, pp. 20 and 77. ® SieBOLD loc. cit. page 28, states that this end
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opposite or free end, containing the mouth (Fig. 11 ¢), becomes relatively the upper
end of the body as regards the point of attachment; but homologically speaking
it is the actinal pole, and corresponds to the proboscis of the medusoid form.
By the time the embryo is fairly attached, the outer layer of transparent' cells
has separated from the interior mass, and thus defined itself as a distinct wall ().
The inner wall (2) is in a measure distinct, but, owing to the density of the pigment
cells, its outlines are not very clearly defined. Occasionally there may be geen
spaces (d) between the outer and inner walls, which, as in the present instance,
are quite extensive, and seem to show that the two walls are very loosely con-
nected with each other. The

number of tentacles varies from two to three or four, but usually there are but

The nascent tentacles (¢) are quite prominent.
two in the beginning. At first they are mere thickenings of the outer wall, and
appear like small, warty excrescences (¢) at a short distance behind the mouth (e).
The cilia still show some signs of life by fitful starts, either all together or: in
groups at different points of the body. The mouth has not as yet any connection
with the digestive cavity; but a few hours later a passage is formed, and one may
look directly through it (Figs. 12 and 12 ¢) into the centre of the body. From
the earliest moment of its existence as a true mouth, it exhibits all the character-
istic movements of later stages: the lips gape (Fig. 12 ¢) till the digestive cavity
may be looked into as if into a cup, or they open and close and stretch out
as if trying to seize upon something. The specimen which we have represented
in Figs. 12 and 12* appears indistinctly five-sided when seen from above (Fig. 12),
and the angles correspond to as many incipient tentacles. The cilia, although present,
have ceased to vibrate, or to show any signs of vi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>