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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



4 DISCOPHORA. Parr III.

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.
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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 vitality. The most remarkable feature
of this phase is the commencement of the horny sheath of the stem, which first
appears as a layer of transparent, amberlike substance (Z%. 12 f*) beneath the
posterior end of the embryo, and serves as a base for its attachment. The lami-
nated structure of the incipient sheath indicates plainly that it is a succession
of layers depoéited by excretion from the posterior end of the body. The digestive
cavity occupies a large portion of the anterior part of the body, but the rest of
the embryo is filled by a dense, orange-yellow mass, not to be distinctly recognized
as an interior wall; nor does the whole of this congregation of cells always become

of the body has a depression, which acts like a
sucker, and enables the embryo to adhere to smooth
bodies, or to hang pendent from the surface of
water.  Were it not that he describes a mouth at
the opposite end of the body, we should be inclined

to think that the depression he speaks of was the

true digestive opening, especially as he says that.

this end of the body precedes the other parts when
the animal is swimming. Now in our Aurelia the
depression is also at the broader end of the body,
and precedes the narrower end when swimming ; but
we have already seen that this broad end remains
free, whilst it is the narrower end which becomes

fixed.
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converted into a wall, but portions of it, sometimes to a considerable amount, are
torn away from the principal mass and cast out from the body, as if the residue
of digestion. The first discharges from the intestines of the higher animals no
doubt correspond to the waste matter of this young animal.

The horny sheath does not appear at any precise time, but varies considerably
in this respect; as we may see in the next phase which we have to illustrate
(Figs. 13 and 13%); here the tentacles (¢) are quite prominent, and yet there is
not the least trace of a sheath to be observed. The digestive cavity is quite
small, even less than in the last stage, and the opaque orange mass darkens the
whole body to the very base of the tentacles. The cilia are still present, but
immovable. In the next phase we may see that the tentacles (Figs. 14, 14% and
14* ¢) develope very early their characteristic organs, the lasso-cells (PL X Figs. 7
e b and 10), and in such abundance that the parietes of the outer wall appear to
be entirely composed of them. The outer wall (PL X. Fig. 14 a) of the body is
very thin, and is composed of a single layer of cells, excepting in the tentacles,
where the lasso-cells constitute a single layer by themselves, and the interior of the
wall (Fig. 14 o'), which here is very thick, is composed of an irregular mass of
cells, identical with' those of the rest of the body (PL X® Fi. 8). There are also
lasso-cells scattered all over the body. The tentacles (PL X. Fig. 14 ¢), as far as
they project beyond the general surface of the body, are almost entirely made up of
a thickening of the outer wall (Fj. 14 o'), the inner wall forming as yet oniy
a short basal portion. The tentacles are so exceedingly contractile that it is next
to impossible to determine whether all four of them are of equal age, or any one
or two older than the others. In the figure which we have given representing
the animal as seen from above (Fig. 14%), the two longer tentacles would seem
to be much older than the others; but when we see them at the next moment
all retracted, and so merged into the walls of the body that the embryo appears
like a perfectly smooth cup (Fig. 14°), without the least trace of any appendages,
it becomes clear, that, at this age, size has nothing to do with the degree of
development at which the young has arrived. It is hardly conceivable that the
simple, cup-like body with its widely-gaping mouth (4. 14° ¢) and perfectly smooth
exterior is the same individual that a moment before bore such prominent tentacles
(Figs. 14, 14%, and 14° ¢); and yet we have watched the transition from one state
to the other-without removing the eye from the microscope. The inner wall ()
is very thick and opaque; its interior surface is smooth and well defined, so that
we may consider the digestive cavity (d) as firmly established and ready to per-
form its characteristic function. Taking advantage of the enormous gaping of the
mouth, we have been able to study the cells of the interior surface of the inner
wall (Fig. 14° d), and find them (PL X= Fiy. 8) to be identical with those of the
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outer wall, being simple, irregularly polyhedral bodies without any obvious arrange-
ment among themselves. Normally the tentacles are developed by twos or a
multiple of two; usually two begin first, and two more immediately follow, so
that in the outset the body has a quadrangular shape. In abnormal specimens
the embryo continues to grow for some time with only two papilliform tentacles
(PL X. Fig. 15 ¢), although the base (¢') develops regularly, and the proboscis (¢)
becomes quite prominent; or, in others, the two tentacles increase considerably in
length (Fis. 16 and 16%), and the proboscis (c) grows very large. At other times,
the first two tentacles being far advanced, only a single additional one (Figs. 17 ¢
and 18) develops on one side, and grows long before another appears on the oppo-
site side of the body.

After four tentacles have developed, a considerable period elapses before any
others appear, and in the mean while all the different parts of the body progress
very far in growth; the tentacles become very long and slender (Fis. 19, 20, 21,
and 22), and may be so extended as to more than equal the whole length of the
body. When stretched out they are remarkably transparent, and allow a very clear
view of their interior structure (PL X Fig. 2). The cells of the outer wall are -
so merged into each other that their parietes are with difficulty made out, and
hence the transparent, film-like appearance of this wall The inner wall of the
tentacles develops to such a degree that the component cells (Fi. 2 &) are as
fully characteristic in their appearance and conformation as in any of the later
stages of growth. The outer wall of the body (Pl X. Fig. 19 @), now composed
of a single layer of cells (Pl X= Fig. 6 o d'), is very thin and transparent. The
inner wall (4. 6 & &') is also composed of a single layer of very large cells, but
in this case they are totally different from those of the outer wall, having an
irregular, prismatic form, with the longer diameter transverse to the thickness of
the wall.  This wall is five times thicker than the outer wall. The most striking
change observable since the last phase is in the mouth, which has assumed 3
quadrilateral shape (PL X. Fig. 22 ¢), as if it were four-lipped, each lip corre-
sponding to a tentacle. The extensibility of the lips may be seen as represented
in a figure (Fig. 21 ¢) showing the manner in which the young hydroid catches
its prey. This is the earliest period at which we have observed the embryo taking
food. The lasso-cells are in full activity, and their extruded threads give the
tentacles a bristling appearance (PL. X* Fig. 2). In a state of complete expansion
the whole body is quite transparent, and has a uniform grayish color tinged with
orange, by the reflection from the pigment cells which are scattered over the surface
of the digestive cavity. In a contracted state the crowding of the pigment cells
renders the interior of the body quite opaque (PL X. Fig. 19). The general con-
tour of the body, when in full activity, is slender top-shaped (ZFigs. 20 and 21),
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with a rather slender base, and, at the base of the tentacles, four-sided (Fig. 22),
with a tentacle projecting from each corner. There is a portion of the slender
base of the body where the opposite innmer walls (PL X*. Fiy. 6 & b) coalesce, and
thus form a solid axis, into which the digestive cavity does not penetrate. Pl X,
Fig. 24 ¢ is an instance of irregularity of growth in the tentacles: one of them
(¢') is much smaller than the others,. and very transparent and thin, being evi-
dently stretched to the utmost, and therefore, without doubt, here shown at its
full size. Sometimes we have found specimens which have the tentacles developed
in pairs (Fig. 23) on the opposite sides of the body. Fig. 26 is a representation
of a perfectly robust and flourishing embryo having five tentacles, which would
seem to have all developed at one time. The extensibility of the lips of the
mouth is here well illustrated by the large proboscis (¢) formed by their expansion,
and which is fully as plastic and active in the various*shapes which it assumes,
and the motions which it performs, as at any later period. The degree of -extensi-
bility of the tentacles (¢) is also better shown in this figure than in any of those
with four tentacles. - 8 |

In the next stage four more tentacles. are introduced, at intermediate points
(PL X. Fig. 25 ¢) to the first four that were developed. Their mode of budding
is the same as that of the earlier tentacles, and they continue to grow until they
are as long as the first- four, before another set begins to develop (PL X. ZFigs.
33, 34, 35, 36, 37, and Pl X* Figs. 4, 4°, and 5). One of the most striking pecu-
liarities of this stage of growth is the hydralike form of the embryo (PL X. Fi.
33), which might readily be mistaken for a species of that genus upon casual
observation. The base (¢') is quite long and slender, and strongly resembles a
tentacle. The lips of the mouth (¢) project separately, or they may be merged
into one and protruded as in younger stages, in the form of a proboscis (Fig.
35 ¢). The many protean shapes which the mouth may assume, render it almost
impossible to say what is the form of this. organ; usually, however, we find it
but slightly, if at all, elevated above the base of the tentacles (ZFigs. 34 and 37;
Pl X" Fig. 5), and each one of the four corners projecting toward the base. of
a tentacle (Fig. 34; Pl X" Figs. 1, 5, and 11). By comparing Figs. 22 and 27 with
Fig. 24 of Pl. X. we find that the position of the corners of the mouth is not con-
stant: In the first instance the corners are opposite the intervals of the first four
tentacles, whereas in the second they are opposite the tentacles; and so we are unable

to judge whether, in the eight-armed stage (PL X. Fig. 34), the corners are opposite

the first four tentacles or alternate with them. This can only be determined when

the second set of four tentacles is in an early state of development, as in Fig. 27.
But here we are again at fault; for if we compare ZFig. 34 of Pl X. and Fig. 5 of
PL X* with Fig. 34* of Pl X, all representations taken from the same individual, we
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shall find that in the last figure (34%) the corners of the mouth are doubled in
number, and each one of them is opposite an interval of the tentacles, instead of
being opposite a tentacle, as in the first figures; and so we must finally come
to the conclusion, that the normal position of the corners of the mouth is unde-
terminable, if indeed there is any strict relation between them and the tentacles.
At other times all traces of the corners of the mouth are obliterated, and a simple
round opening (Figs. 25 and 32 ¢) leads to the digestive cavity. This is especially
observable when the mouth is thrown wide open (PL X* Fjy. 4 ¢), which may be
done to an extent so great that the aperture has a diameter equal to the breadth
of the body. Again, the mouth contracts in the form of a circle (Pl X. Fig. 36 ¢),
and, gradually lessening the aperture, it finally disappears (7. 30) without leaving
a trace of its position, just as the vacuoles in Infusoria,

As in the previous stage, so In’ this, there are occasional anomalies in the regu-
larity of the development of the tentacles, Sometimes one of the second set of
four becomes far advanced in growth before the other three have scarcely begun
to bud (Fig. 27); in others, two tentacles precede the others (Figs. 29, 30, and 31).
In a seven-armed embryo (ZFig. 32) which originally appears to have been five-
armed, two tentacles, one on each side of the forked one (e), precede the others.
A nine-armed specimen has one of the first four tentacles (PL X° Zlig. 11 ¢)
double from the very base. We have also figured a ten-armed specimen (PL X
Fig. 14), which no doubt originally had five tentacles; here every thing is in fives,
or multiples of five. There are five larger (I) and five smaller (2) tentacles,
one of which is contracted down to a mere papilla (¢), and the lips (c) are five
in number. These variations recall the variations in the number of segments of
the Meduse. The contractility of the tentacles is almost as unlimited as in the
youngest stages, as we have seen a well-developed, eight-armed embryo (PL. X.
Fig. 34) withdraw its tentacles so completely within itself that they could be recog-
nized only as slight protuberances (Zig. 34* ¢). The manner of doing this would
seem to be by lateral spreading and diffusion of the mass of the tentacle as it
sinks down into the disk, rather than by a condensation of the cells into a smaller
compass; for in the latter case the protuberances would be much darker than the
rest of the body, and the lasso-cells would be crowded together in a bristling mass,
which is not the fact. Sometimes, the tentacles being partially contracted, they
are .curved inwardly toward the mouth (F%. 36), or they may be still more con-
tracted, and - the disk narrowed to such a degree that it is less in diameter than
the body below it (. 34%).

Here and there we find forked tentacles; some forking at the base (Pl X. Fiy.
28 ¢), some near the tip (PL X. Fiy. 32 ¢; PL X* Fig. 14 ¢'), and others midway
between these. points (Pl X. Fiy. 38; PL X* Fig. 11 e). In PL X. Fig. 28, the forked
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tentacles, three in number, are in different states of development; one is as fully
grown as the other tentacles, but the other two have only one prong, the other
one being in an incipient state and budding from the base of the other. In
regard to the second and third forms, we cannot say whether the prongs grow
simultaneously or one from the other; but most probably in both ways.

Rarely there are instances of double-headed embryos (Pl X. Figs. 37 and 37%);
the oné we have illustrated had a digestive cavity common to both heads, and
eight tentacles on oné head, but only four on the other. We know nothing of
the mode of development of this anomaly.

The walls of the body have about the same proportionate thickness as in the
last stage; but there are some new features to be noticed here. The bases of
four alternate tentacles are prolonged inwardly so as to project, like triangular
buttresses (PL X* Fig. 5 %), into the digestive cavity. The breadth of these
projections nearly equals that of the base of the tentacles, and they do not extend
downwards along the wall of the body much farther than they do laterally, or along
the wall of the disk within the circle of the tentacles.
whatever with the outside of the embryo, but are altogether made up of cells which

They have no relation

developed from the inner wall (3): The position of these projections corresponds
to the base of the first four tentacles.

1 SieBoLDp was the first to discover these pro-
jections, which he calls longitudinal swellings (Lings-
wiilste), and also points out their relation to the
first four tentacles. e says that they extend from
the base of the tentacles along the wall of the
digestive cavity to its very bottom. Sec his Beitriige
zur Naturges-chichte der Wirbcllosen Thiere, Ueber
Medusa aurita, Danzig, 1839. — Sars (Wiegmann’s
Archiv, 1841, vol. 1, pp. 24 and 25, PL 1. Figs.
31, 32, and 33) also calls these projections swell-
ings. He observed them in the scyphostoma of
Aurelia and Cyanea, and agrees with Siebold in
regard to their extent, and also their relation to
the tentacles. — STEENSTRUP, in his remarkable little
work upon alternate generati(;n (“ Ueber den Gene-
rationswechsel,” Copenhagen, 1842, pp. 14 and 15,
Pl. 1. Figs. 35-40), describes an animal which he
identifies with the scyphostoma of Cyanea, figured
by Sars (Wiegmann’s Archiv, 1841, etc.); but he
goes on- to point out certain organs, which he
previously intimates the latter had overlooked.
“Von inneren Organen hat Sars nur vier rundliche

erhabene Lingswiilste beobachtet,” page 14. These
organs are, a circular canal which runs along the
circle of tentacies, and four other canals running
from this, at equal distances apart, to the edge of
the aperture in the annular membrane which stretches
across the mouth of the bell-shaped disk, and there
they join another circular vessel *The four canals
which run along the inner surface of the bell, from
the apex to the circular canal at the base of the
tentacles, he considers to be the same as the four
longitudinal ridges in the digestive cavity of Sars’s
scyphostoma.  But when we examine the figures
of Steenstrup we are struck with their remarkable
resemblance to certain naked-eyed Mcdusz, espec-
fally Turris. In Fig. 40 we see the pendent pro-
boscis from which the four radiating canals take
their rise and pass down the inner surface of the
bell to the circular canal at thc base of the tenta-
cles. As to the four canals, which, Steénstrup says,
run to the aperture of the annular meml;rané, and
the circular ring which they empty into, we feel
quite positive that they are 'nothin'g but :he dupli-
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The double border of the lips in Pl X Fig. 5 ¢ is produced by the over-
lapping of the edge of the outer or upper wall upon the inner or lower wall
In Fig. 1, the inner wall having brought together its edges, excepting around a
very small area, c, the cruciate mouth appears to be veiled by a thin membrane
which has a central perforation, ¢, whilst the upper or outer wall is rendered
At ¢ in
Fig. 4* the relative thickness of these two walls, as they stand out in profile, is

conspicuous at its eight edges by numerous thickly crowded lasso-cells.
very clearly shown. The lasso-cells are not so uniformly disposed over the body
as in the last phase, but beside being generally diffused, they are crowded at the
borders of the mouth (Fig. 1 ¢), and grouped in semi-globular masses (a? a®) on
the tentacles. When the tentacle is contracted (Fig. 3), the lasso-cells (a* 4*) appear

cates of the double wall of the velum, which pro-
jects from the bell in the form of a four-sided
The fact that the medusa is fixed by a
pedicel to rocks and shells does not invalidate our

pyramid.

assertion, for we have on our own coast the genus
Rhizogeton (Pl XX. Figs. 17-28), which bears
its meduse on the stolons which run over the rocks.
Now, it is possible that Steenstrup overlooked the
connection of the medusa with a stolon, and, if the
hydroid form was present, supposed that it was
another animal, or perhaps the hydroid had been
resorbed, as often occurs in Coryne (Pl. XVIL
Figs. 18, 14, and 15),,and nothing but the medusa
form is left standing,
(Pl XVII. Fig. 15).

out in the belief that Steenstrup’s scyphostoma is
a Turris, from what Dr. Wright (Edinburgh New
Phil. Jour. vol. 10, 1859, p. 105, Pl VIIL Fig. 1)
of Scotland. He

collected the eggs of Turris neglecta and reared

mouth upward, on the stem

‘We would seem to be borne

has observed on the shores

the young until they developed into Hydroids, which,
both in size and zoological features, closely resem-
ble, if they are not generically identical with, our
Rhizogeton. At any rate, we cannot doubt that
Steenstrup’s figures do not represent a scyphos-
toma, but a naked-eyed Medusa, if not the genus
Turris; and therefore we are surprised to see that
Sars (“Fauna Littoralis Norvegiz, 1846, p. 14”)
says, “ Steenstrup, more fortunate than I, has found
in the Medusa-nurses a vascular system (Gefiss-
system) (of which I had noticed only the four

radiating canals, which appeared to me like swell-

ings), and in the bottom of the bell a tubuliform
stomach or mouth.” At this time Sars was con-
versant with several forms of naked-eyed Meduse,
as his figures show; and yet he overlooks the simi-
lar nature of Steenstrup’s so-called scyphostoma.
In the Ann. and Mag. Nat. Hist. 1848, vol. 1, p-

25, PL V., Dr. Reid describes the genuine scy-

-phostoma of Aurelia, which he obtained on the

shores of Scotland, and identifies it with the animal
of Steenstrup. Under this impression he proceeds
to argue that Steenstrup could not have seen any
canals in the pyramidal projection of the lips,
because he does not in the Scottish animal ; but
he represents the four longitudinal ridges in the
digestive cavity of seyphostoma as hollow, and,
moreover, asserts that they ¢“terminate at their
upper end in another canal, encircling the mouth
and placed between it and the margin of the disk,”
p- 27, Fig. 6 b.
that these longitudinal ridges are not hollow, nor

But we most positively assert

is there the least trace of a circular canal in which
the ridges are said to terminate. — FRANTZIUS
(Siebold und Kéliiker Zeitschrift, 1853, Bd. 4, p.
120, Pl VIIL Figs. 1-4) also indorses Steenstrup’s
mistake, and describes, in the scyphostoma of Cephea
borbonica, what he considers to be the homologues
of the radiating canals of the bell; but, unlike Reid,
he could not persuade himself “that thesé canals
really emptied into a circular canal at the base
of the tentacles.” What is remarkable, he repre-
sents these canals in his figures as if they were

situated in the outer wall of the body.



to constitute the whole outer wall, showing the remarkable compressib_ility. of the
original cells, among which the lasso-cells are imbedded. |

At this age it may be seen that the hydroid form of covered-eyed Medus®
has a horny tube (Pl X Figs. 4 f and 4* f), as well developed as any Hydroid
of the naked-eyed families. Neither Coryne nor Tubularia can be said to have more
fully developed horny tubes than this; nor is there any genus out of the families
of covered-eyed Medus®e which have so thick-walled a tube. The inner surface
of this tube (f) presses very closely to the stem (F%. 4* a) of the embryo, but
does not touch it. At its lower end it spreads out into a broad base, and directly
under the foot (¢!) of the pedicel (« 8) it is connected with it by several — four
to seven or eight — small, slender, conical props (f*); passing upwards, it thins ont
into a mere film (f?), and finally comes to an edge at a short -distance above
the bottom of the cup-shaped head. At first sight, owing to the longitudinal
wrinkling of the surface, it would appear to be composed of coucentric layers, but,
on account of its exceeding transparency, no such structure can be discovered;
although, considering that such sheaths are formed by successive deposits, there:is
no doubt that the layers are present. In color the tube resembles amber, and,
like that substance, it changes its intensity of coloring according to the light which
shines through it. We have not seen a horny sheath around the stem of the
scyphostoma of Aurelia, nor has it been observed by European naturalists in this
genus.!

This is the earliest period at which we have observed the embryo taking food.
The first instance of this Which we saw was a six-armed individual (Pl X. ‘Fig. 30),
which had in its digestive cavity one of its own kind, in the planula state, and
revolving by means of its own cilia at a very rapid rate. The planula continued
to revolve for three .quarters of an hour after we first saw it, and then, being
ejected, it swam away. In Fiy. 35 we have an embryo in the act of casting
out the rejectamenta of its food with the help of one of its tentacles.

It frequently happens that an embryo is altogether destitute of a horny sheath,
a.nd may be seen moving from place to place by walking on its tentacles. Often-
times we have seen one of them seated upon the top of another embryo, either on
the edge of the upper disk or nearer the mouth; and, in some instanbes, the base
(PL Xf-.Féq. 12 ¢) was embraced by the lips (c) of the lower individual. In the
latter instance it was always very difficult to deterinine that the two erhbryos were

1 The gbsence of the horny sheath in Sars’s
figures (Wiegmann’s Archiv, 1841, Band 1, PL 1.
Figs. 25-42), leads us to assume, what he is in

doubt about, that they represent the scyphostoma

of Aurelia. According to Dr. Wright (Edinburgh
New Phil. Journ. 1859, vol. X. p. 106, Pl. VIIL
Fig. 2), the seyphostoma of Chrysaora has a “gela-
tinous case, corallum, or polypidom.” .
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not one. individual; but, even in the most questionable cases, we have finally seen
the lower animal throw open its mouth and the upper one creep away..

In the next stage the embryo normally has sixteen tentacles, but they do not
develop so nearly synchronically as in the eight-armed period: the irregularity,
however, appears greater than it really is, on account of the increased number of
tentacles, and .the difficulty of distinguishing between the members of the different
sets. The mode of development is the same as heretofore: the new tentacles (PL
X Fiy. 13 e) arise in the intervals of the former sets, Neither in Aurelia nor in
Cyanea have we actually traced the development of the tentacles beyond the number
fourteen (PL X*. Fig. 15); and all the figures in Plates XI. and XI*, whether with
niore or less than fourteen tentacles, were drawn from specimens collected among
the wharves in Boston harbor. We have not been able to trace the development
of Cyanea beyond the fourteen-armed stage, and therefore what follows relates to
Aurelia exclusively. The scyphostoma and strobila forms of these two plates are
so irregular in their development, both in regard to the shape of the body and
the development of the tentacles, that we suspect they have already cast off one
brood of Ephyrs, and that the circle of tentacles now present is not the original
primary one, but was developed below the pile of Ephyre, as in PL XI. Fygs. 1,
4, 5, 6, 11, 138, 14, 16, 17, 25, and 29. On this account we are not surprised
to find more than sixteen tentacles, but less than thirty-two, on the oldest scyphos-
toma.  The sixteen-armed specimens (Pl XTI, Fig. 3 A B, Fig. 4, with one tentacle
forked, Figs. 8 and 10), we might suppose, were originally four-armed ; and the
twenty-armed ones (PL XL Fj. 7; PL XI~ Figs. 7 and 11) began with five tentacles.
This assumption seems the more probable from the fact, that we have never seen
a single scyphostoma or strobila which had more than twenty tentacles. We may,
therefore, consider the normal number of tentacles of the scyphostoma of Aurelia
flavidula to be sixteen; and, occasionally, twenty.

The four buttresslike projections, which we pointed out in the eight-armed
stage, do mnot increase in number with the tentacles, but develop in breadth (PL
X Fig. 13 $?)*and thickness. By the constancy of their number, and the fact that
they originate opposite the first four tentacles, we are enabled to determine the
relative age of every tentacle of a full-grown scyphostoma, no matter whether
there are sixteen, or, in exceptional cases, twenty of them. Thus, those which
are oppositethe projections, as in PL X Fig. 5 1% belong to the first group
and are only four in number; and in an eight-armed Individual those which
alternate with these last appertain to the second set. In a sixteen-armed embryo
there will be three tentacles in each . interval between those of the first group,
and the middle one of the three belongs to the second group of four; whilst
the remaining two, out of the three, altogether eight in. number, belong to the



youngest or third group. Fig. 15 of PL X%, although two of the tentacles of the
third group are not developed, will illustrate these relations, as the left side is perfect:
those tentacles marked I belong to the first set, those marked 2 to the second
set, and those marked 8 to the third set. In an undeveloped individual; repre-
sented by Fig. 13, the relative age of the tentacles is doubly set forth: in the
first place by the projections, and, secondly, by the difference in the size of the
tentacles themselves. In those exceptional cases with twenty tentacles, but which
originally have five, there are five corresponding internal projections, instead of four,
one being opposite each of the five primary tentacles.

This terminates the description of the scyphostoma period, as far as the zoological
characters are concerned. But before we proceed to the strobila stage, we will
return to the beginning and trace the histological development of the scyphostoma.

Historogy oF THE ScypHostoMA. From the earliest period, immediately after the
segmentation of the yolk, to the time when the first four tentacles begin to
develop (PL X. Figs. 3-14, and PL X* Fligs. 25-36), the peripheric part of the embrye,
whether it be an indistinet layer or has become separated from the interior as
a well-defined wall, consists of a mass of irregularly polyhedral cells, which embrace
perfectly homogeneous contents, and, except in the four-armed stage, bear vibratile
ciliaz. on their outer surfaces. Those cells which enter into the composition of the
youngest embryos (PL X. Fig. 3) differ from those of later planula stages (Fig. 10%)
only in being ‘not quite so transparent, and from those of the incipiently four-
armed stage in that a part of the latter (Pl X Fig. 8) are lasso-cells which are
scattered all over the body and crowded upon the tips of the tentacles (Fig. 7).
On account of the opacity of the cells of the periphery, we were unable to discover
by actual inspection what is the nature of the mass of the cells within - the body
of the youngest embryos (PL X. Fig. 3); but when, in later stages, we had an
opportunity of looking into the mouth (Lligs. 14* and 14°) of a four-armed individual,
and f01?nd that the cells of the interior were identical with those of the exterior,
we .concluded that, like the peripheric cells, they had not changed from their
earliest .condition. Not till the last of the aforementioned stages do the cells of
the periphery undergo any changes in their relative positions, and then they are
rearranged so as to form a single layer (Pl. X. Fig. 14 a), excepting in the tenta-
cles (¢), where they are replaced by a single layer of lasso-cells (Pl X Fig. 7).
The greater. part of the outer wall of the tentacles is made up of a mass of
unchange:d, wregularly polyhedral cells, but they are confined to the interior by
the coating of lasso-cells.

B_?T the time that the first four tentacles have become highly developed (Pl
X. Figs. 19, 20, and 21, etc.) and the second set of four 1is about budding, the
cells of the outer and inner walls have undergone great changes. The outer wall
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(PL X Fy. 6, ¢ ') of the body, exclusive of the tentacles, is composed of a single
layer of cells, which cannot be distinguished from those of the earlier stages,
excepting that they are a little larger than the latter. It is in the tentacles,
however, that we find the most palpable changes: here the cells are so transparent
that we can get only faint glimpses of their outlines, and on this account the
outer wall (Fiy. 2 a') appears to be a structureless layer in which the lasso-cells
(¢*) are imbedded. The lasso-cells are crowded at the tips of the tentacles; but
elsewhere they are scattered singly over the whole body.  That they are fully
developed we may judge from the fact, that the lassos are thrown out at times
in such numbers as to give the tentacles a ciliated appearance. The cells of the
inner wall (PL X* Fjj. 6 &) have passed through far more extensive changes than
.those of the outer wall. What was once a thick layer (Pl X. Fjg. 14 b) of
irregularly polyhedral cells, packed together without order (Pl X, I, 8), is now
a single stratum of large prismatic cells (PL X Fig. 6 ). Fach cell is about
three times longer than broad, the ends are truncated (6), and in an end view
(6') appear polyhedral, and seem to overlap each other; but this is owing to the
fact, that the sides of a cell are not parallel, but more or less convergent either
toward the outer wall or in the opposite direction. The contents of these cells
are perfectly homogeneous and transparent. In the tentacles (Pl X= Fig. 2) the
inner wall or axis (§') consists of a single row of large cells, which are placed end
to end, and completely occupy the space embraced by the outer wall (a'). In
a transverse section of the tentacle the cells would appear circular; in profile they
resemble short superposed cylinders with truncate ends, Like those in the inner
wall of the body, they have homogeneous contents. The figure which we have
given represents a tentacle in a partially contracted state, so that the cells of
the axis appear broader than long; whereas, when the tentacle is fully extended,
they are much longer than broad, as in the next stage (P X* Fig. 1 #'), to which
we will now proceed.

By the time that the four tentacles of the second set have become as fully
developed as the four of the first set (PL X. Figs. 83-37), not much change has
gone on in the outer wall (PL X Figs. 1 a, 4* o, and 5 @), except that the cells
have grown more transparent; but the lasso-cells have greatly increased in number.
Around the mouth (Fi. 1 ¢) they seem to constitute the only cells of the outer
wall of the lips; but from this point they thin out toward the base of the tentacles.
On the tentacles they are crowded in groups (%), each group containing from
ten to twelve lasso-cells. The groups are arranged in a spiral around the tentacle,
and there are usually two groups opposite to each cell of the inner wall or axis
(6" &°).  Such is<the contractility of the cells of the outer wall, that, when the
tentacle 1is retracted (Fis. 3), the lasso-cells (@' o®) seem to constitute the whole
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wall.  There is another peculiarity of the lasso-cclls, which has not been noticed
hitherto; we refer to the variation in their size, according to whether the tentacle
is extended or contractcd. When the tentacle is stretchcd to the utmost (PL X
Fig. 1), the lasso-cclls are much smaller than those on the rest of the body, for
instance around the mouth (¢); but, when the tentacle is retracted, they expand
(Fig. 3 @ a?) to their full size, so that the wall in which they are situated becomes
mucl thicker than in the extended state, in fact as thick as the corresponding
wall (Fig. 4* a) of the lower part of the body. The cells of the inncr wall (PL
X, Figs. 1, 3, 4%, and 5 b 5') have not appreciably changed since the last stage.
In the base of the body (Zig. 4* ) they form a solid core, and¥are arranged so
that their longer axes radiate from the centre outwardly. At the base of the
tentacles, cspecially when they are retracted (Fig. 3), these cells (4') arc likewise,
convergent toward thc mecdian line, but a prolongation of the cavity of the body
bounds their inner ends. The cells which form the buttresslike projcctions (Fig.
5 %*) differ in no wise from the other members of this wall They are arranged
in two rows, as if they were centripetal prolongations of the double wall at the.
base of the tentacles, and form a solid column, which extends for a very short
distance toward the base of the scyphostoma. The structure of thc sheath (ZFig. 4*
S) has already been described in detail in a former paragraph.

Tee Srrosia® oF AvrrLia rravipura. The first change that may be recognized
in the scyphostoma after it has completed its cycle of tentacles is the occurrence
of a wellmarked constriction (Pl XI* Fip. 10 g) immediately below the outer
base of the tentacles. The constriction deepens until it extends at least half
way to the centre, and perhaps further, when another constriction (Fig. 11 g¢*)
appears, below the first, at a distance about equal to the combined thickness of
the walls of the body. This deepens until it extends as far inwardly as the first,
and then a third (Fi. 13 ¢%) constriction divides off a third disk-shaped portion
(3). The uppermost segment (I) which bears the tentacles does not undergo any
change; but by the time the third constriction (g°) has developed to the same
extent as the first and second, the second (2) and third (3) disks have become
sinuate or lobed on the upper edge. The lobes (;) of the second disk (2) are
more prominent than those (j'l) of the third or younger disk (3). There are
eight lobes, arranged at equal’ distances around the disk, and as many sinuses (2,
of the same breadth as the lobes. The entire circuit of the edge is slightly raised,
so as to give the disk a saucershaped figure. The lower side of the disk is also

wavy, or rather ribbed, and the ribs, corresponding to the lobes, converge toward
the centre.

! See Vol. III. p. 80 for the meaning of the word Strobila -as used here.
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Whilst the topmost and oldest disks are developing, new ones are forming below
by constriction; and as these successively appear, they proceed to develop lobes
and sinuses like those above, until the whole scyphostoma is divided into a series
of superposed disks in all degrees of growth, from the ephyra (PL XI. Fig. 6 1),
Just ready to drop off and swim away, to the slightly lobed disk (I3) at the base.
We have observed as many as thirteen of these disks upon one scyphostoma.
Below this pile of disks we find another row of tentacles (Figs. 1-6 ¢, 11-14 e,
16, 17 ¢, and 29 ¢), like those at the top of the scyphostoma in its earlier stages
of transverse division (Pl XTI Fjgs. 10, 11, and 13 e).

The development of one of the disks will illustrate the development of the
whole strobila. The eight lobes, which we have already pointed out in the earliest
ephyra, soon become pointed, or rather papillate (PL XI. Fig. 5 2 %), and encroach
laterally upon the intervals. As soon as the papilla gains a definite outline, so as
to appear like a minute lobe or lobule on the end of the larger lobe, the latter
begins to assume a new form. On each side of the lobule the lobe rises gradually,
at first to a level with it (4. 10 disk 4), and at the same time the whole lobe grows
more prominent, and in consequence the intervals seem to have deepened. The
whole disk, in this state, resembles a low battlement. Proceeding to grow, each
lobe not only lengthens helow the lobule (Fig. 20 s ), but, on each side of the
latter it projects, until in course of time two oval lappets, as long as itself, conjoin
to give it the appearance of a broad Y (Fig. 4, 2 h).  After this, the principal
changes that occur in the process of development are the elongation of the lobe
as a whole (Figs. 6, 3, and 17, 8), a broadening of the upper part, and a length-
ening of the lobules. The lappets of the lobes also broaden midway, and become
abruptly pointed. The lobule, already twice as long as broad, becomes partially
hidden by the overlapping growth of the outer edge between the lappets. The
distance between the superposed disks gradually increases from the earliest period
of development, until, by the time the topmost ephyra is ready to drop from the
strobila, the depth of the constrictions is equal to the length of the proboscis of
ephyra next below (Fijg. 29, 2 ). At maturity (PL XI Figs. 1, I; 6, 1; 11, I,
13, 1; 17, I; 24, and 29, I) the lobes attain their greatest proportional length, and
the lappets (), individually, their widest expanse. The latter have also become
asymmetrical, the outer edge of each, next the intervals, having assumed a more
decided curve than the inner ome, so that, on the whole, it resembles the outlines of
a human foot. The lobule (%), when seen from the outside, appears to be buried
in the folds of the lobe between the lappets; but by looking on the inner, or,
homologically speaking, the lower side (ig. 24 %), we find that it is perfectly free,
and that the edge of the lobe between the lappets has merely extended so as

to hide this lobule from exterior view. The edge of the disk, at the intervals (7)
VOL. 1V. 5
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between the lobes, projects slightly in the form of a broad papilla.  The proboscis
is foursided (Figs. 24 and 29 a), and the corners (Fig. 29 a') project considerably
beyond the general outline. The digestive cavity extends by means of broad,
straight, shallow channels (Fig. 24 ¢ ¢) to the base of the lobe, and also to each
papilla. At a short distance from the base of the proboscis, and opposite each flat
side, a group of four or five digitate bodies (Fligs. 24 g and 26 ¢) projects into
the digestive cavity. These are all the features which we have observed at the
moment the ephyra is ready to drop from the strobila, and thus we terminate
the description of the strobila stage of Aurelia flavidula.

We have not ascertained, in a direct manner, how the dorsal side (Pl XI. Fig.
29 {) of the matured ephyra becomes separated from the individual next below it;
but can only suppose, with much probability, that a gradual constriction, from
without inwardly, divides the proboscis (2 a) of the lower ephyra at a point which
becomes the lip '(al), and which also is in direct contact with the centre (/%) of
the disk lying above it. This, we say, seems probable, from the fact that the last
remnant of attachment is a thin string of matter (/'), which passes from the centre
(7*) of the mature ephyra to the centre of the proboscis (a) of the lower indi-
vidual, and is, without doubt, the inner wall drawn out by the struggles of the
escaping medusa. Finally, by repeated contractions and expansions of the disk, the
ephyra breaks loose from its attachment and swims away.

Before we go on to the ephyra state, however, we will point out some curious
anomalies of the scyphostoma and strobila stages. Sars, Dalyell, Reid, and others
have already illustrated these anomalies more or less in detail ; but we have some
new ones to present, besides repeating the description of the hitherto known forms
for our native Aurelia! The most frequent forms of anomaly are the more or
less elongated, tentaclelike processes (Pl XI®. Figs. 3-9-¢* ¢ ¢*), which arise from
various parts of the body, but mostly from the base. They are usually single,
but occasionally they are forked, or one develops at right angles from the side
of another (Y. 8 ¢* ¢’). Similar processes develop from the base of the strobila
(PL. XL Figs. 2, 8 ¢®¢®). Sometimes these processes are terminated by a club-
shaped expansion (P IX*. Fig. 2 ¢), as if a new individual were about to be formed.
Mo.st frequently, however, a new individual, when developed by the budding process,
springs from the side of the parent without the intervention of a secomdary basis
(PL X1 Figs. 19 ¢ and 25 & ¢*). Instead of a single terminal row of tentacles,
we find occ?sionally as many as two or three (PL XI. Figs. 18 and 21 ¢), but we
cannot say, in these instances, whether the ephyree had already dropped off, nor
that the tentacles precede them: the latter is the more probable, inasmuch as the

" -
‘We have never observed these anomalies in those scyphostomas which we raised from the egg.
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lower part of the scyphostoma is quite long (¢!), having been, no doubt, retarded
in its development till late ‘in the season. We have, however, at least one instance
in which two rows of tentacles underlie a pile of disks (Fjg. 16 e).

We have next to present a series of facts to show how perfectly identical, in
a homological sense, are the scyphostoma and the ephyra. First, there are those
individual ephyrse (PL XI Figs. 8, 10, 14, 15, 16, 20, 22, and 28, in various stages
of growth) which have developed a tentacular organ (Fig. 8 ¢) on the edge of
the interval between the lappets (/) of the lobe, and just exterior to the lobule
(£) or peduncle of the eye, and another tentacular organ (7) on the edge of each
of the intervals between the lobes; making, in all, sixteen tentacular organs. These
new organs are constricted at the base (Y. 8 /) in the more advanced ephyree ;
and since we find them absent from some of the lobes, or intervals of the lobes,
of certain individuals (Figs. 10 ¢2 and 20 i*), we should judge that the constriction
was preparatory to the dropping of these organs. Sometimes the tentacular organs
of the ephyra are branched, like the limbs of a tree (Zig. 28, I ¢). In the next
place we find those ephyree which have, beside the tentacular organs, one, two,
or three of the lappets of the lobes developed to an extraordinary degree, so as
to appear like tentacles (PL XI*. Fig. 12, 4). In PL XL Fiy. 22, the lobes (e) of
the second ephyra (2) are developing in the form of tentacles; and in the first
ephyra (I) we may see the metamorphosis of the tentacular organs (e) into lobes
(7), simply by the separation of the extreme three fourths of this organ. Then,
again, we find (Zig. 19, 1) not only the tentacular organs in the intervals (/) and
between the lappets (e), but the lappets themselves (j) as fully developed into
tentacular organs; thus making, in all, thirty-two tentacular organs in a single row,
or just double the normal number of the tentacles of the scyphostoma.  Sometimes
there are pigment dots (PL XL Fig. 5 4), like eye-specks, on the exterior and basal
part of the tentacles of the scyphostoma. This is a very significant fact, and points
directly to the perfect idenmtity of the hydroid and ephyroid forms, to which we
have just alluded.

In regard to those scyphostomas with two or three rows of tentacles (PL. XI.
Fig. 18), we think it not at all improbable that each disk may be developed into
a distinct ephyra, every alternate temtacle becoming a lobe, and those alternating
with these becoming the tentacular organs of the intervals between the lobes.

Not alone does the scyphostoma proper bud laterally, but the ephyrse of the
strobila form exhibit the same phenomenon, especially at the lower part of the
pile, where the metamorphic process has about completed its work. PL XI. Fjy.
12 B ¢ is an instance of either lateral budding, or a species of longitudinal self:
division of the scyphostoma (c!) and the superposed ephyrse (I 2). The uppermost
ephyre (I) are not as yet completely separate.
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Tue Epnyra! oF AURELIA FLAVIDULA. By the time the young miedusa has com-
pleted its strobila stage of existence, the different regions of the body are sufficiently
developed to be easily identified with similar parts of the adult; and we will
therefore now give them their proper names, before proceeding to describe the
ephyra in a free state. The eight lobes (Pl XI. Fig. 29 ;) are the oculiferous
lobes (see PL VI Figs. 1 and 4), and the lobule (PL XI. Fj. 24 %) is the ocular
peduncle (Pl VI Fig. 4 o). The intervals (PL XI. Fis. 6 and 17 ¢*) between the
lobes become the tentaculiferous edge (Pl VI. Fjy. 2 §; Pl VIL Fig. 3 b), and the
broad papilla (PL XI. Fiy. 24 ¢) in each of these intervals the marginal veil (PL
VIL Fig. 2 ¢; Pl VIII. Fig. 5 ¢). The digitate bodies (Pl XL Fig. 24 g, Fig. 26 e)
are the genital appendages (PL VIIL Figs. 7 and 8 ¢; PL IX. Figs. 1 and 2 ¢).

When the young Aurelia has parted from its attachment, it assumes a position
reverse to that which it held in the strobila state, and swims with its proboscis
hanging downward (Pl XI* Fligs. 21, 23, 24, 27, and 28). It is true that the strobila
is capable of living in any position, either attache. to stones, logs, etc., and standing
up so that the mouths of the ephyre are upward; or the base of the strokI™»
may be uppermost, when it is attached to the underside of floating bodies, such
as sea-weeds, floating timbers, and the like, and in this condition the ephyre hang
with the proboscis downward, just as they do when swimming individually. That
there is an essential reversal of position when the ephyre become free is, therefore,
only seeming; for, although it is true that the medusee do not maturally rest with
the mouth upward, yet they swim in this position very often. The proper time
to ascertain the shape of the young ephyra is when it is in a state of rest, and
then we see that it resembles an umbrella, or, perhaps, more closely, that kind of
parasol which has a lining to cover the wires on the under-side, or even a common
mushroom, inasmuch as that has a thick pedestal: in reality, the geometrical
expression for it would be, double convex. When swimming it assumes a variety
of shapes, all of which, however, are the result of the upward and downward
mqtion of the periphery of the disk: at one time e may see the umbrella
reversed (Figs. 21, 24, 27, and 28), so that it resembles a common fruit dish on
a pedestal; or, when this position is changed by the vigorous downward stroke
f)f the periphery and the animal shoots forward, the extreme of the opposite shape
15 assumed, and the body resembles a mushroom with its periphery curved: down-
ward and .inwa,rd, just before its edge breaks loose from the stalk at the moment
f)f expansion (Fig. 23).  Oftentimes the little medusa may be seen floating with
its body slightly depressed above, and its oculiferous lobes stretched outward to
the utmost (ZFigs. 24 and 28), as if to offer the greatest amount of surface to the

1
See Vol. IIL. p. 80 for the meaning of the word Ephyra as used here.
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water. In this extreme state of extension and tenuity of tissues, the animal, in
all probability, is reduced to a degree of density corresponding to that of the
water, and therefore floats in a perfectly quiescent state, whether near the surface
or at any depth, as if it were part and parcel of the water itself The moment
the body contracts, as it may be made to do by touching it gently, 1t sinks;
thus affording another proof that concentration of tissues is equivalent to an increase
in density. Sometimes the body is only partially expanded (Figs. 20 and 27), and,
not being sufficiently buoyant, the oculiferous lobes (/) flap very gently, at shorter
or longer intervals, according as the body sinks faster or slower. Whilst swimming
upward or downward the upper surface of the disk takes precedence, and is képt
transverse to the line of motion; but when going horizontally, the upper side of
the disk is tilted forward thirty or forty degrees, so that its plane rests obliquely
to the line which it follows. Owing to their peculiar violet color, it is sometimes
very difficult to detect these animals, especially in cloudy weather, when we have
not the advantage of the refle.. .on of the sun from the surface of the body.

» For a while, immediately after the commencement of their wandering life, very
rapid changes take place in the structure of the young meduse. In the first place
the whole disk expands very much, and, as we have already mentioned, forsakes
its concavo-convex form for a shallow double convex shape. The oculiferous lobes
(PL XTI Fig. 19 5) do not lengthen, but broaden in proportion to the expansion
of the body; and in this state they are equal in length to the radius of the disk,
and, being twice as broad as the tentaculiferous edges (7), occupy two thirds of
the circumference of the body. The incipient veil (¢) also becomes quite promi-
nent, and, losing at the same time its papilla-like character and becoming flattened,
resembles a broad tongue. Laterally, it passes directly into the margin of the
oculiferous lobes (;) on each side of it. The proboscis (Fig. 19 a) does not assume
any new proportions, except that, in consequence of the expansion of the disk,
it becomes relatively smaller. We may point out here, however, some of the
many protean forms which its plastic nature allows it to assume. Its natural shape,
when in a quiescent state, is that of a foursided prism (Figs. 18 and 28 a 4),
about twice as long as thick, and having slightly concave sides. Usually the
corners of the mouth (a') project more or less sharply; and often the whole
circuit of the lip is curved outward (Fig. 18), thus making the proboscis trumpet-
shaped. At times, when in this condition, the four sides (¢) collapse suddenly at
the upper part, and, meeting each other centrally, either close up the passage to
the digestive cavity, or leave only a small aperture (d). At other times we find
it in a similar condition, but retracted down to its very base (Fig. 14), so that,
with its reverted lips, it resembles a square platter turned upside down. All four
sides of the proboscis do not always act together, but each one occasionally seems
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to have an individuality of its own; one, two, or three sides may collapse, and
leave the others undisturbed (Fig. 19 a), or all four together fold longitudinally
(Fig. 15) and inwardly, so as to form a cruciform passage (d) to the digestive
cavity. The corners of the mouth are very active in their versatile contortions
and extensions, forcibly bringing to mind the movements of the prolongations of
Rhizopods, especially the Difflugia and Amceba forms.

The digestive cavity (PL XI* ZFigs. 19, 20, and 28 &) occupies about two thirds
of the transverse diameter of the disk, and in shape may be compared to a double
convex lens, the thickness corresponding to the axis of the body. The radiating
chymiferous canals (¢ d) of the oculiferous lobes extend their course to the very
base of the ocular peduncles (Figs. 19, 20, 28, 31, and 33 %), but change somewhat
in form; the basal part is equal to one third of the breadth of the lobe, the
portion corresponding to the mid-region of this lobe (Fig. 31 d) is slightly nar-
rowed, and then, at the base of the ocular peduncle (%), suddenly broadening (d'),
occupies one third more space than at its base. The chymiferous tubes, which go
to the tentaculiferous edge, are also broadened near the end (ZFigs. 19, 28, and
31 ¢), but suddenly narrow to the breadth of the basal part. The depth of
these canals has also changed, and, with this, the form of the transverse section,
as may readily be seen by looking at a foreshortened view (Fig. 33 ¢) of an
oculiferous lobe, when the pointed, rooflike dorsal side becomes apparent. The
floor of these canals is concave, but each half of the roof is convex. The sharply
defined, usually irregular line (Figs. 19 and 31 d f) which runs along the middle
of the upper side of each canal indicates the fold of the internal wall at the
apex of the rooflike ceiling, and the smaller branches which project obliquely out-
ward and downward from the main line are smaller folds in the slope of the
roof. In the oculiferous lobes (. 31), the ridge (d) of the roof forks, and one
branch (d') goes to each half of the r-like expansion at the end of the chymiferous
canal.

The digitate appendages (PL XI* Fig. 18 ¢, Figs. 19 and 28 ¢) of the repro-
ductive organs have doubled their number. Upon close examination we find that
they are hollow, closed, deep pouches or tubes, which open. downward into the
spa(.:e between the outer and inner walls (PL. XI. Fig. 21), and are composed of
a single wall («), which is in direct continuance with the lower, inner wall (§)
of the digestive cavity. Tt is rather remarkable, that they are endowed with
numerous lasso-cells; but as we have at times seen them protruded from the mouth
Of the proboscis, it may be that they have an office to perform exterior to the
digestive cavity.

The ocular peduncles (PL XI" Figs. 19, 28, 81, 33, and 34 ) are cylindrical for
half of their outer end (Fi. 34 7 A'), and at the basal half (7 ) broadly conical
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In a lateral direction; but in profile the upper and lower sides are only slightly
convergent outward.  They are not attached to the disk at right angles to its
surface, but obliquely and by the upper side, so that the base of attachment is
as broad centrifugally as transversely. By this mode of attachment the peduncle
projects outward (Fi. 33 %), and not downward, and turns up at the end, so that
the eyes (Fig. 34 %) may survey the upper surface of the disk.l

The most distinctly marked features in the next stage which we have observed
are the first appearance of the tentacles (PL XI* Fiy. 2 ¢*), and the addition of
another row of genital appendages (Fig. 1 ¢?). The manner of the development
of the first tentacle is very simple: the outer and inner walls (Fig. 2 ¢ 4% of
the marginal lobule bud out together, and form a papilla (¢%), or hollow vesicle,
with a double wall. Near the base of the tentacle, inwards, the outer (:?) and
inner walls (¢*) of the body are separated from each other for a considerable distance,
and, just below the tentacle, the outer wall (%) projects in the form of a thin,
broad, hollow tongue (¢), which extends nearly across the whole interval between
the oculiferous lobes (), and is about one fifth longer than the basal breadth.
This constitutes the marginal veil The second row of genital appendages (Fiy.
1 ¢*), which are eight in number, are arranged in a curved line, at a short distance
exterior to the first row (9"); they all communicate with a narrow, curved furrow,
(9°) which runs parallel to the broad furrow (9') of the first row (g). The wall
of each appendage varies in thickness to a considerable extent, according to the
state of expansion or contraction of this organ. On account of the superior length
of the appendages of the first row, they at times appear as if they were situated
exterior to those of the second row; but they may very easily be traced to their
origin nearest to the proboscis. Finally, the chymiferous canals (Fi. 2 ¢) have
united with each other at their peripheric ends by means of lateral passages (¢'),
and thus the marginal chymiferous canal is formed. But we will give more details
of this system in the description of the following stage.

In the next phase (Pl XI* Fis. 8, 4,44 7, 8, 9, 11, 12, 14, 15, 16, and 164),
a more decided advance in development than in the last has been made, the most
striking feature of which is the appearance of a broad, concentrically folded band
(#ig. 4 m m'), which corresponds to the circular muscular band of Cyanea (Pl IV
FPigs. 1 and 2 d d'). The general outlines and proportions of the disk have not
materially changed since the last two phases, excepting that the marginal veil
(Pl XI* Fig. 4 7) has become very prominent as a portion of the periphery, and
occupies the whole breadth of the interval between the oculiferous lobes (7). The

! The peculiar position, mode of attachment, and fuller illustrations when we come to a litfle older
structure, of these organs, will be described with phase.
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shape of the veil is very peculiar, not so much in the lateral ovate outlines as in
the disposition of its upper and lower surfaces; the whole thickness is gradually
depressed from the edge to the centre (Fig. 9 ¢®): but the hollow is deepest near
the base. In a foreshortened view (Fig. 4 A), especially when the veil is turned
inward toward the proboscis, this hollow is very marked. The extent of the veil
is about half the length of the oculiferous lobes. The proboscis has lost its rounded
corners, which now appear as if cut straight across (fiy. 4 a'), the meaning of
which will be seen in the next phase. Already the lips (a) have become thin and
transparent, approximating the trumpet-mouth form which they soon after adopt.
The four columnar supports or buttresses (a*), so characteristic in the proboscis of
the adult (Pl VIL. Fig. 5), are here already very marked; they stand opposite four
of the eyes, and extend their several bases as far as the borders (PL XI’. Fij. 4 #)
of the digestive cavity.

In the last phase we pointed out the completion of the circular canal; and
now we find already the radiating canals are branching. The process by which
this is dome is very simple. The inner walls of the upper and lower floors of
the disk separate along the line intended for the course of the canal, and thus
a channel is formed At A' Fig. 4 we have this process going on: the upper
and lower walls of this projection are separated on the side next the periphery,
and a more direct passage to the canal of the oculiferous lobes is made, whilst
an isolated column (#%) is left, around which the chymiferous fluid circulates. In
this way the circular canal (Fig. 2 ¢') was formed in the previous stage. In order
to make this process clearer to the reader, we refer for a moment to a transverse
section of the canals of an older stage (Fig. 13); here it will be evident, that,
simply by the separation of the two walls at k, the two adjacent canals ¢ and e
will merge Into each other; and this is the way that all the canals are formed
in succeeding ages of the ephyra. The breadth of the eight canals (Flig. 4 & ¢®)
which lead to the eyes is remarkable ; and their nearly equilateral triangular outline
contrasts strongly with the straight, parallel sides of the eight simple canals (e)
which go to the margin. We have an Instance here, in an incipient state, of the
branching (¢') of a normally simple, straight canal, such as may be seen in an adult
specimen (PL VIL Fy. 5 d).  The sexual organs (Pl XI". Fig. 4 g) show signs
of advancement merely by the increase in the number and length of the digitate
appendages.

The. margin of the disk has begun to be complicated. In the first place, the
separation of the outer and inner walls at this point, as observed in the previous
phase (Fig. 2 42 ¢*), has resulted in the formation of two marginal lobules (Fig. 3 ¢2),
e each side of the single tentacle (#°).  The exact relation of these appendages
will be better understood by referring to their adult state (PL. VIL Figs. 2, 3, 4 0).
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They have a single wall, which is continuous with the outer wall of the tentacle
(PL XI°. Figs. 8 and 94%), and also with the single wall of the veil (i) and with the
upper wall (Fig. 9 i%) of the disk. The tentacle (Figs. 3, 4, and 9 ¢®) is about
three times as long as its basal breadth, and tapers to a rounded point; the inner
wall is hollow to the very tip, and is in open connection with the radiating canal (e).
In order to give a better understanding of the relation of all these parts just
described, we have made a longitudinal section of the veil, tentacle, and margin
of the disk, which can be readily understood by reference to the general lettering
at the head of the description of Pl. XI. The lappets (Zi. 4 j%) of the oculiferous
lobes have a lancet pointed termination, and are remarkable for a median ridge
(/% and  Fig. 12 ;2 %), which extends along the under side, a little exterior to the
median line, from the apex to the base, and thence, a little nearer the margin of
the lobe (j), to the circular canal. On each side of the ridge the surface is
concave, as a sectional view (Fjg. 12) shows. The upper side () is convex.
Tue Eve!  This is perhaps the most appropriate period of its life at which
the eye of Aurelia can best be studied, in all its details, when it is neither too
young to lack any of its characteristics, nor too old and grown opaque by the
development of dark pigment masses in its walls, The peduncle (PL XI'. Figs.
7 and 15 4 to #%) has a peculiar oblong cylindrical shape, which is broader side-
ways (Fig. T) than vertically (Fiy. 15). In the first aspect it is rather elongate
ovate than otherwise, with the greater breadth at the base (Fig. T ), whereas
in profile (Fi. 15) it has the outlines and position of a finger half closed; but
even in this it varies considerably; at one time the end is perfectly round (ZFi. 8),
and at another is more or less pointed (£ig. 15) or compressed. Its usual position
is indicative of its office, being turned upwards (Fjg. 15) between the lappets of
the lobe, and projecting to a greater or less extent above the edge of the disk;
but at times it is withdrawn under the lobe (£ig. 4 k). There are two distinct
walls (Figs. 7, 8, and 15 #' /*) to the peduncle, and they are directly continuous
with the two walls of the lobe (;° J7) from which it arises, very much in the
same manner as the walls of the tentacle are continuous with those of the edge
of the disk; in fact, the eye peduncle is nothing more nor less than a solid ten-
tacular organ which hangs from the under side of the oculiferous lobe. The outer
wall (Figs. 7, 8, and 15 4') does not differ in thickness from that of the lobe (s°),
except at the end (%), where it thins out rather suddenly as it passes around
the tip; but the inner one (#%) varies in this respect according as it is seen in

! Since I began the special study of the Aca-  of these organs was furnished by Prof. H. J. Clark,

lephs, I have always been inclined to consider the whose observations upon this subject are given at
marginal bodies of their disk as ocular organs ; but full length and in his own words in the following
the first direct demonstration of the true nature paragraph.
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profile (Fig. 15 7*) or from above or below (Fig. 7 #). In profile it would seem
to be similar to that of the lobe (;7 %) until we come to the end (ZFiy. 8 BN,
where it suddenly thickens to more than double its extent, as seen toward the
base; but in the view from above it shows a sudden increase in thickness (. 78,
which it retains especially at the base, but toward the end decreases in a measure,
and then at the end thickens again as in the profile view (Fi. 8). The cells
of the outer and inner wall below the eye are very similar among themselves,
but vary somewhat according to their situation; and in the eye itself (%) the
variation is very strongly marked. The cells of the outer wall (%), as well as
those of the lobe (;°), may be compared to broad polygonal prisms, disposed side
by side in a single layer; their contents are homogeneous and transparent, nor
does there appear to be any mesoblast. At the base (Figs. 7, 8, and 15 7°) of
the eye they decrease in length with greater or less rapidity according to the
degree of expansion or contraction of the peduncle. Sometimes the decrease Is
rather gradual (Fi. 15 %), and they may be easily traced as cells all over the
end of the eye-facets (4); at other times, and this is the most frequent case, they
suddenly decrease in length and assume the form of thin polyhedral disks (. 8 %),
thus constituting a tenuous layer (Fig. 8 &, Fig. 14 /') all over the end of the organ
of vision. The cells of the inner wall (Figs. 7, 8, and 15 4?) are also prismatic
in shape, and vary in length according to the degree of expansion of the peduncle,
and appear different according to the position in which the latter is viewed, whether
from above or below or in profile: in the latter aspect (ZFigs. 8 and 15 4%) they
resemble those of the outer wall very closely; but in a view from below (Fig. 7 /%)
they have a more prismatic columnar look, and vary in length from double to
thrice their breadth. Whether in one view or the other, they rapidly increase
in length after they enter the faceted eye; and here they lose their prismatic shape,
and take on a polyhedral conical form (Fi. 8 4* Z') and converge nearly to one
point (47). At the base (4°) of the facets their conical form is not so apparent;
but at a short distance beyond this they are strictly conical, and all have their
apex at the centre (4") of the sphere. And now, too, another element enters into
the composition of these cells: as we view them from the outside, and endwise
(Figs. 7, 14, 15 A*), they appear much darker and more highly refractive, as if
they were filled with some oily substance; but when we obtain a profile and
sectional view (Fig. 8 4* /"), we find that the highly refractive body (A*) occupies
about one quarter of the outer end of each cell; and all these standing side by
side in one layer, each in its respective cell, produce the effect of a third wall (%*).
A closer examination of these bodies reveals the interesting fact that they are
lenticular (Pl XI" Fig. 16 ¢ ¢), and have the form of a plano-convex lens; the convex
face (#) is turned toward the outer end of the cell, and the plane face toward
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the base (1) of the cell ; the edge is abrupt and as if cut away, so that it has
a polyhedral contour, with generally six sides (PL XTI, Figs. 11 and 16 & t), and
each side fits exactly against the several sides of the cell (0 7). In consequence
of the arrangement of the lenses in a spherical contour, these sides are not par-
allel to the axis of the lens, but converge slightly from the anterior convex face
backwards, so that in a view from behind (Fig. 11) there appears to be a double
outline (¢). The anterior convex face (x) does mnot touch the outer end (d) of
the cell, but there is g very shallow space (¢) between the two, The posterior
plane face is perforated by a comparatively broad aperture (Figs. 11 and 16 v)
leading into a cylindrical cavity (1), which occupies the axis of the lens, and
penetrates a little more than two thirds of its thickness in a direct line toward
the anterior face, and terminates abruptly. The sides of the cavity are convergent
backward, and trend parallel to those of the lens, and the transverse diameter is
a little more than one quarter of the breadth of the lens. When seen from the
posterior face (Fiy. 11), this cavity appears to be divided into as many compartments
(u) as there are sides to the lens; but we find that these ‘compartments, or
diverticuli, are superficial (Fig. 16 u), and proceed from the posterior end of the
cavity, near its aperture (Fig. 16 v), close beneath the flat face of the lens, to
the sides (4 .), and strike them perpendicularly half way between the angles.
The outlines of this cavity are rather irregular, especially in the diverticuli (w),
and, being more or less wavy, they produce the effect of g wall, in profile. Tt
Is this cavity which has the appearance of being a mesoblast, in the centre of
each cell, when they are looked at endwise (Fig. 7T . If the eye is cut to
pieces, the lenses drop out, and may then be turned in every direction for the
study of their shape. In this manner e have been enabled to turn a lens up
on one of its sides, and trace the actual curvature of the anterior face (Fiy. 16 #) 3
and we found this curvature to he spherical.  Here, then, we have all the elements
of an optical apparatus, sufficient to produce a distinct image. No one will pretend
to deny that the eye of an insect is a true eye, having all- the properties of
distinct vision; and if so, we are fully justified in claiming for the eye of Aurelia
the same faculty. Curiously enough, too, the relations of the different parts of
this apparatus are the same as among higher animals; but whether the several
parts perform similar functions we will not pretend to affirm. First, we have the
cell of the outer wall (Fig. 16 «), with its outer face for the cornea and its
contents for the anterior chamber of the aqueous humor; then the posterior wall
(B) of the same cell () and the anterior all (9) of the cell (1) containing the
lens, combined, would be the membrana pupillaris, which is imperforate; next, the
space (&) between the membrana pupillaris and the front of the lens would be
the posterior chamber of the aqueous humor ; then comes the crystalline lens (8 v);
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and, finally, the contents of the cell behind correspond to the vitreous humor (7).
As if in confirmation of all this, we find that the focus of the lens corresponds
to the bottom (%) of the cell. ~What may be the office of the cylindrical cavity
(1) in the lens, we have no means of ascertaining; but it looks as if it might
be a means of correcting the spherical aberration; at least, it must affect the
direction of the central rays more or less. Taking the lens by itself and without
any reference to the other parts of the organ, we have sufficient warrant, from
its form and position, in assuming that it is a true crystalline lens, and subserves
the purposes of actual vision. The eye of Cyanea-has a similar structure; and
such do we think must be the structure of the eyes of many, if not of all, the
covered-eyed Medusee.

Tae Lasso-ceirs. The form of these cells (Pl XL* Fig. 16%) is oval, and their
length is about 447 of ad inch! The straight, rod-like part (5 d) of the thread
projects along the axis of the cell nearly to the opposite extreme, and then bends
abruptly upon itself (d), and, returning again nearly to its base, curves (¢) directly
across the cell and immediately commences its coil, at the same time closely
following the face of the cell-wall (¢). It miakes in all only seven or eight trans-
verse, widely separate coils (f), and terminates (¢) at the end opposite its base
(6). From this it will be seen that the rod-like base of the thread is mot excentric,
as in Coryne, but is completely enveloped by the spiral coil

The principal features which mark the next stage (Pl XI» Figs. 16, 17, and
26) are, the broadening of the marginal intervals (Fi. 26 %), so that they are as
wide as the breadth of the oculiferous lobes (s); the appearance of two of the
marginal fringes (Fig. 16 a') of the proboscidal prolongations, of which we had
an intimation, in the previous stage (PL XI* Fig. 4 '), by the truncate corners of
the lips of the proboscis; and the incipient longitudinal folding of the proboscis
into four distinct lobes, so characteristic in the adult.

After this stage, the breadth of the diskk begins to increase rapidly, whilst the
oculiferous lobes are of comparatively slower growth. Of this we have the begin-
ning in the next phase (PL XI*. Figs. 25, 30, and 35); and this is the principal
feature which distinguishes it from the last. By the contracted state of one of
the ephyre we were able to get a very good view of the transverse outline of
the radiating tubes (Fig. 30 ¢), and made out very clearly that the lower wall is
concave, and the upper one like the roof of a house, excepting that the two sides
are curved inwards. The cellular structure of the surface (Fig. 35) begins already
to resemble that of the adult; and here and there we find single lasso-cells (PL

! The peculiar relations of the lasso-coil to the  Prof. H. J. Clark. Compare my remarks on lasso-
rod-like portion of the thread were discovered by cells, in Proc. Amer. Assoc. 1849, p. 68.
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XTI Fig. 85 ), the first of the numerous groups which stud the disk of the full-
grown animal. In the next series of figures (PL XI*. Figs. 22 and 32; PL X=
Figs. 37, 89, 40, and 41) we have a more decided advance in development than in
the two last. The marginal veil (PL XT. Fig. 22 ') is quite as prominent, if not
more so, than the oculiferous lobes (). The upper margin of the sockets, between
the tentacular lobes (see the adult Pl VIL Figs. 2, 3, and 4 ), has begun to form,
by the projection of a single tongue-like body (PL XTI~ Fiy. 22 ¢*) from the edge
of the disk, directly above the veil (¢1); and the breadth of each margin is about
the same as its length, and corresponds, as regards the latter, to the length of
the margin of the disk. The marginal fringes (Pl X* Figs. 37, 39, 40, and 41 a')
of the proboscis have increased considerably in number; but in this respect there
would seem to be considerable variation even on the same proboscis (Figs. 39 and
40), some of the lobes being entirely destitute of any appendages, whilst others
have one or two, or six and seven. The thiék, heavy character of the proboscis,
as it existed in younger stages, is gone, and in its place we have a long, thin-
walled, trumpet-like body, folded into four exceedingly flexible lobes. The digitate
sexual appendages (PL X* Fig. 37 ¢) are quite numerous and very much crowded.
The outline of the upper surface of the disk (PL XTI Fig. 22 7) has a peculiar
curve, which has mnot appeared before to any appreciable extent; it is as if the
segment of a smaller sphere had hbeen laid upon that of a larger one. By the
mspection of Fig. 32 it will be observed that the marginal intervals (¢') occupy
nearly twice as much of the circumference as the oculiferous lobes (y).
Although the next phase of development recorded is considerably in advance of
the one just described, we do not anticipate any difficulty in tracing the connection
between the two. In this ephyra (PL XI*. Figs. 18, 10, 13, and 17, and Pl XTI
Figs. 3 and 4), which, by the way, is a little more than half an inch across, the
tentaculiferous margin of the disk is fully twice as long as the space occupied. by
the oculiferous lobes; there are fourteen tentacles in each segment, and the veil has
kept up with the increasing length of the margin ; the eight radiating canals, which
are opposite to and half way between the sexual organs, are forked from four to six
times; the sexual digitate appendages are almost mnnumerable, and the exterior
pouch, immediately below the sexual organs, is proportionately half as deep as in
the adult (compare Pl IX. Figs. 6, 7, 8, and 9); and, finally, the fimbriate prolon-
gations of the corners of the proboscis reach half way to the margin of the disk.
These are the features which constitute the essential difference between this and
the last stage of development; and we do not think the difference is so great as
it would appear to be at first sight, being, after all, only a matter of degree.
In the first place, the disk has not changed in form, but merely increased in size
(Pl XI". Fig. 18). The veil (Fjy. 17 7) is comparatively much narrower, but still
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extends from one oculiferous lobe (j) to the other, in the form of a segment of
a circle, being broadest at the middle, and narrowing each way till it passes into
the disk at the ends. Its base (PL XI°. Fig. 17 °; PL XI*. Fig. 4 7) is nearly
on the same line with the bases of the tentacles, and also corresponds to the
curved edge of the disk. The corners of the trumpet-shaped proboscis have become
prolonged to a great extent (PL XI'. Fig. 17 a'), so that they reach half way to
the margin of the disk, running out into a point, and have a strong likeness to
those of the adult (PL VL Fig. 1), as far as their general outline is concerned.
The edge of the lips is either wavy, lobed, or fringed all around. The mouth
(PL XI'. Fig. 17 o), or cavity of the proboscis, is also very much like that of the
adult, not only by its foursided form, but by its furrow-like prolongations into each
of the four elongate corners (a'). The digestive cavity (8) is comparatively smaller
than in the last phase, whilst, by the increasing diameter of the disk, the radiating
canals (¢ ¢) have elongated considerably. The eight simple radiating canals (¢) are
now narrow tubes, which stretch in direct lines from the digestive cavity to the
middle of each marginal canal (¢ mc). The eight forked canals (¢) are even
narrower than the simple ones, and are either twice or thrice forked on each side.
The forks (¢! ¢*), as in the adult, all lead to the margin between the oculiferous
lobes. The new forks (¢' ¢?) arise from the marginal canal (mc), and channel their
way toward the centre of the disk until they meet with the main canal, at about
one third of its length from its entrance (¢®) and near where all the other forks
meet. The marginal canal (mc) is as yet quite broad, at least opposite the entrance
of the simple radiating canals (¢), but becomes narrower as it extends right and
left of this point.

In order that the structure of these canals may be fully understood, we refer
to a figure (Pl XI’. Fiy. 13) representing an actual transverse section of one of
the simple canals (e, and Fig. 17 ¢), and two of the branches of the forked canals
on each side (Fig. 13 ¢). By this it may be seen that the canals are not inclosed
by one and the same wall; but that the upper or rooflike side (d f) is covered by
the inner wall (¢*) of the upper floor of the disk, and that the lower side is
inclosed by the inner wall (i°) of the lower floor of the disk. Here, too, we may
see ‘that these two inner canal-bearing walls (i* ¢°) are suspended or supported by
a cellular network, which fills all' the space between them and the outer walls
(i° "), and also that the ridge (4 f) of the canals, as well as the lower wall,
is connected with the outer walls of the disk by thicker meshes, or groups of
cells with filamentary prolongations (@ f). The broad, concentrically plicate band
(Fig. 17 m m'), which first made its appearance in the fourth stage previous to this
(Fig. 4 m m'), occupies mnearly one half of the diameter of the disk from the
margin inwards. It does not, however, seem to have grown more plicate, but, on
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the contrary, is not so conspicuously folded as in earlier stages. The sexual organs
(Figs. 10 and 17 g) have made considerable advance; the rows of digitate appendages
(Fig. 10 g ¢*) have increased to six or seven in number, and render this organ
Very comspicuous even in their natural size (Fig. 18). The exterior pouch (.
10 ¢ 8 y), which opens outwardly directly underneath the sexual organs, is fully
as long as the semicircle of digitate appendages, and its distal side (&) corresponds
to the margin of the semicircle, although the two are in different walls. The
breadth of this pouch is about half that of its length, its depth is about in the
same proportion; and it has only one wall, being a simple invagination of the
outer wall of the lower floor of the disk. The eye peduncles (Fig. 17 %) have
changed appreciably, only in becoming hollow to the base of the eye-facets. The
oculiferous lobes (/ J*) are less than one quarter as long as the diameter of the
disk, and have lost in consequence the conspicuous prominence which they held
in earlier stages, and in which they were the chief characteristics of the ephyra.
The tentacles have increased to fourteen in number (Fig. 17 ¢*) in each marginal
segment, and the marginal or tentacular lobes (¢%) are correspondingly numerous,
The oldest tentacles are at the middle of each marginal segment; and from this
point they decrease in age and size each way toward the oculiferous lobes. At
this age the relation of the tentacles to the margin of the disk appears to be
quite complicated; but when fully understood it is quite simple. In a view either
from above (PL XTe. Fig. 3) or from below (Fig. 4), the tentacular lobes (¢*) which
project from the margin of the disk between the tentacles, in the form of vertical
ridges with a rounded contour, are quite as conspicuous ds the tentacles themselves.
These lobes are simply outwardly folded diverticul; of the exterior wall alone (E)s
the inner wall projects but a short distance, and stands across the base of the
lobes, like a bridge (m); and in this way the lobe becomes a completely closed
cavity (x). In a view from above, the inner wall folds upon itself two or three
times, and therefore presents as many outlines (7 8 {) at different depths. Between
these lobes there is a deep socket, from the bottom of which a tentacle arises,
and the outer (¢) and inner (B) walls of the tentacle are directly continuous at
the base (7 d) with the outer (¢) and inner (7) walls of the lobes, At the margin
(Figs. 3 0 and 4 £) of the sockets, the outer (¢) and inner () walls touch each
other, and continue so directly to the bottom, where they are continuous with
those of the tentacles, as we have already pointed out. The tentacles are hollow
(A u) about half way to the tip, and have very thick walls (e B).

In the next stage (PL XI* Fiy. 29; PL XTI Figs. 5, 6, 19, and 20; PL XIe
Figs. 5, 6, and 18), the development is purely a matter of degree: the disk is
a little more than an inch in diameter ; the marginal segments extend over more
than two thirds of the whole circumference ; the tentacles are thirty-two in number
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on every marginal segment; the oculiferous lobes are as broad as they are long;
the plicated concentric folds cover fully one half of the diameter of the disk, and
extend very closely to the borders of the digestive cavity; the space occupied
by the branches of the forked radiating canals extends as far along the circular
canal as the length of the branches themselves, and therefore has the form of
a triangle with a broad base; the pouch beneath the sexual organs is propor-
tionately twice as broad as in the last stage, and projects much farther upwards
and toward the centrc of the disk; and, finally, the lips of the proboscis are very
deeply fringed, and the furrows in the prolongations of the corners are very deep.

Such, in general terms, are the characteristics of this phase, which we now
procecd to describe in detail. The lips of the proboscis (Pl XI®. Fig. 5 a') are
not only very thin and flexible, but they also begin to show the tortuous plications
so characteristic in the adult. The fringes (Figs. 5 a and 6 e) stretch in one
unbroken line, gradually diminishing in length from the ends of the prolongations
half way to the base of the same; they are mere digitate diverticles of the outer
wall, and have the form of hollow tubes (PL XI’. Fig. 19); and in the wall,
especially at the tip, are imbedded numerous groups of lasso-cells (& & ¢). The
inner surface of the proboscis is lined by exceedingly minute vibratile cilia (PL
XIP. Fig. 6 ¢), which are very difficult to detect even with a power of five hundred
diameters; they are as long as the thickness of the two walls (Zi. 6 o 8) which
underlie them. No new branches have been added to the forking canals; but the
three branches on each side of the main channel have begun to anastomoze among
themselves, and a few anastomozing channels have developed at the base of the
oculiferous lobes, and extend a short distance toward the centre of the disk. These
have more the character of lacunse (Pl XI% Fi. 29 ¢') than canals, and are so
intimately interwoven with the marginal canal, or that part of it (PL XI°. Fig. 6 ¢*)
which diverts into the oculiferous lobes, that they may be said to form, at least
in a certain degree, a part of the circular chymiferous system. Beside these, we
may see also, between the forks and the simple canals (Pl XI°. Fig. 5 e¢), several
centripetal prolongations from the marginal canal (mc), which, in time connecting
with the forked tubes, will increase their peripheric branches. In the specimen used
for this illustration there was an abnormal development of a canal (¢'), which ran
from near the outer end of the simple canal (¢), obliquely outward and across to
the exterior branch of the next forked radiating tube. That the tentacles are not
always strictly in a single row, may be clearly shown by an illustration of one
of their phases of development. The view (PL XI°. Fiy. 13) which we present for
this purpose is partly sectional; that is, the upper edge of the interlobular sockets
is left out, and the bases of the tentacles are exposed, in order to exhibit the
connection of the walls of one of them with those of the others. Nearest the eye
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there is g single tentacle (1) and two tentacular lobes (:2), one on each side :
in the distance are two smaller tentacles (2 and 2%), one contracted, and the other
extended, whose bases have g common wall (v) directly below the large single
tentacle just mentioned; and finally there is a third tentacle (3), still further in
the distance and on the extreme left, whose walls unite, at the base (7), obliquely
upwards and laterally, with thoge of the longer tentacle (2*) of the second row.
Beyond all these the lower margin (§) of the socket may be seen. The length of
the tentacles, when they are fully extended, is about one third of the radius of the
disk; they are quite slender and frequently coil upon themselves in spiral tresses,
The next phase is the last ‘of the series which we have studied connectedly.
At this age (PL XTI Figs. L, 2,7, 8 9, and 115 and #j. 1) the diameter of
the disk is very nearly an inch and a half,
and there are fifty tentacles on each mar- 2
ginal segment. The essential addition to the |
organization is the development of two tuby-
lar - prolongations (Pl XIo. Fyy. 2 dl, Fy.
11 dY) of the radiating canals, in each ocy.
liferous lobe. These tubes are formed in

Fig. 1.
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. Longitudinal sectional view of the Eve or AvURELIA
the same way as the canals from which FLAVIDULA, corresponding to Fig. 11, PI, Xle.; designed

they arise, and are peculiar in shape ; o™ nature by H.J. Clark.

starting at an angle of forty-five degrees to the canal of the lobe, each one projects,
for one half of its length (e 7), in a straight line, into the midst of the lappet,
and then bending (7) slightly inwards, proceeds as far again, and terminates with
a closed end. Like the chymiferous canals, these blind tubes are embraced by
a single wall ({ &), above and below. The exterior edge (Figs. 8 and 11 #) is
rounded, but the inner ome thins out. If we follow the walls (€ &) backwards,
we trace them on one side into the inner wall (7%) of the ocular peduncle, and
on the other into the wall of the radiating canal (¢). Tike the latter, this is
transversely and finely wrinkled, and has a very delicate, filmy appearance. The
relations of the ocular peduncle to the surrounding walls are quite difficult to under-
stand, and therefore we have endeavored to make them clear by means of a highly
magnified drawing, which shows this organ as seen from above (Pl XI-. Fug. 11).
In order to make matters as distinet as possible, we will refer at the same time to
the wood-cut above, Fig. 1, representing the same in profile and with a lettering
which corresponds with that of the lustration on the plate.  First we have a bridge-
like portion (;°) of the oculiferous lobe, which stretches across the base of the inter-
val between the lappets ("), and joins the latter at a short distance (d;) within their
Inner margin, which it follows all around.  Along the commisure (&) of the lappets

the outline of the bridge has the shape of a W (@), and the wall is very thick ;
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but it thins out toward the free edge (j%). From the middle of the lower surface
of this bridge, the ocular peduncle (&' 4 Z* 7#) is suspended, and as we see it from
above, we look directly into the base (% #°), which here presents a circular outline.
On the exterior side (/f), the walls join those of the bridge quite abruptly, and on
the opposite side (#%), at a more oblique angle, though sufficient to produce a
strong outline; but on the sides (4°), the passage is gradual, and with a long curve.
The outer wall (4!) is nearly as thick as one quarter of the diameter of the pedun-
cle, and thus it continues into the base, where it thins out into the outer wall of
the bridge. The inner wall (#%) is about half as thick as the outer one, and is
hollow to within a short distance of the facets (4*); passing inwardly to the base of
the peduncle, it gradually decreases in thickness, as it merges into the wall (e) of
the blind tubes (d?), in the lappets, and of the radiating canal (¢*). The lappets ("
of the oculiferous lobe appear to have a double commisural margin (% ¢), but the
true commisure (%) is a little exterior to the W shaped margin of the bridge, and
what appears to be a second commisure (¢), is only the end of a sinus or short
furrow, which extends baseward, on the under side (see Fig. 1 & ¢). The eyes
(7%) have increased greatly in number, and the reddish-brown pigment spot, which
is so conspicuous in the adult (PL VI. Fjg. 4) just below the facets, is quite dense.

As we have already indicated, the radiating canals (PL XI° Fig. 2 ¢ ¢' ¢*) pre-
sent a ragged outline, owing to the manner in which they are formed or extended
(PL XTI*. Fig. 17 ¢ ¢#), the upper and lower walls separating irregularly rather than
along a continuous line. The tentacles (Pl XI°% Figs. 1 and 9 ¢*) are channelled
(Fig. 1, d d') to the extreme apex, and communicate at the base (Fig. 9 u) with
the circular canal (me).

In the last phase we have shown how the young tentacles (Pl XI°. Fiy. 18 2
and 2*) arose side-by side, without any intervening lobe; and now we have to show
how they finally become separated, and each is inclosed in a separate socket. The
outer wall, at the edge of the disk, simply protrudes, hernialike (Fig. 9 &), between
the bases of the tentacles, forcing them apart, as it were, and gradually enlarges to
its full dimensions without any further changes. It is plain enough, from this, that
the development of the tentacles is not strictly serial, right and left of the first one
that appears, but in a degree complicated; although the general progress is along
the edge of the disk toward the oculiferous lobes, so that after a while, the middle
of each segment supports a single row of tentacles, whilst further along, toward
the lobes, the series is less simple, varying from one to two, and finally three
rows. The walls of the tentacles are very transparent, and on this account furnish
great facilities for the study of their histological structure. The outer wall (Flyg.
1 a to @°) varies considerably in thickness, not only on account of the degree of
extension or contraction, but on account of the thick beds or groups of lasso-cells
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(¢ e). Tts cells are very thin walled, irregularly polyhedral (f), and have perfectly
homogeneous, hyaline contents; they are capable of great elongation (@®) or of
contraction (a?), and are largest in the region of the lasso-cells (a?), which are
imbedded ‘among them, in large numbers, and in all stages of development. The
tip of the tentacle especially (¢) is crowded with lasso-cells; in fact they seem to
be the only constituents of the outer wall, so closely are they packed. As they
are arranged at pretty regular intervals, in groups, all around the tentacle, they
give it a knotted appearance, which in the adult becomes g very marked feature
(PL VIL Fis. 2, 3, and 4). The inner wall (b ' %) has a more uniform thick-
ness, which is dependent alone on the amount of expansion or contraction of the
tentacle.  Like those of the outer wall, the cells of this are capable of great
elongation (4%) or of extreme contraction, and have perfectly homogeneous contents.
The surface of the disk is studded with collections of lasso-cells (Figs. 90 and 7 a b),
which as yet only number about g dozen in each group. The epithelial cells (#g.
7 ¢) have very thick walls in a horizontal direction, and numerous young cells are
developing between them.

In this condition, the young Aurelia resembles the adult so closely in its gen-
eral appearance, that it is hardly worth while to trace further, step by step, the
successive enlargement of the whole body up to its mature condition, as this
would lead to frequent unnecessary repetitions, inasmuch as from this time forwards,
some parts undergo hardly any changes, while others only increase in number, and
only a few new features are introduced. It may, therefore, suffice now to describe
the adult and to allude incidentally to the final transformation of all its parts.

SECTION III.

STRUCTURE OF THE ADULT AURELIA FLAVIDULA.

The body of all Acalephs consisting of a repetition of identical parts, symmetri-
cally arranged around a vertical axis, and yet variously combined with one another,
it is indispensable to consider this arrangement first, in order to form a correct
idea of their structure. In Aurelia, in their adult state, the most conspicuous parts
are the gelatinous body or disk, the indentations along its margin, the crescent-shaped
organs around the centre, and the prominent appendages on the under side; and,
though the number of these parts varies occasionally, there are usually eight indenta-
tions along the margin, four crescent-shaped bodies near the centre, and four large
appendages below. The variations in number arise from the interpolation of similar
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parts, or from the abortion of some of them. Ehrenberg has so fully represented
these variations, in the Aurelia aurita of Europe, and they are so similar with
those observed in our species, that I need only allude to the fact, that besides
the normal form, I have observed on our coast specimens with three, five, six,
and seven crescent-shaped bodies, and a number of indentations along the margin
increased correspondingly. But these deviations from the normal number are rare
with our species, and though Ehrenberg does mnot allude to their frequency in the
European, I should infer that they are more frequent in Aurelia aurita, than in the
flavidula, for the simple reason that malformations of the crescent-shaped bodies are
rarely met with in our species.

Whenever these parts occur in their normal number, it is at once evident that
the crescent-shaped bodies, which are the genital pouches, alternate with the ap-
pendages of the lower surface, which are the arm-like prolongations of the angles
of the mouth. It thus appears that the four corners of the mouth (PL XI°. Fi.
17, and Pl XI°. Fig. 5) alternate with the genital pouches, though in very old
specimens (PL VI and VIL) the oral appendages exhibit a tendency towards an
approximation to one another, so that their extremity does not appear strictly in
the prolongation of the intervals between the sexual pouches, though their base
occupies exactly that position. Again, of the eight prominent indentations of the'.
margin, four correspond to the centre of the sexual pouches, while four others,
alternating with them, are situated in the radial prolongation of the angles of the
mouth. This once ascertained, it is easy to appreciate the peculiar symmetry of
the whole framework of this animal, and to perceive the remarkable difference which
exists between the different systems of radiating tubes extending from the centre
to the periphery. From each corner of the mouth, and between two adjoining
genital pouches, arises one main radiating tube, extending straight to one of the
marginal indentations, without lateral ramifications, except from near its base, on
each side of which arises one branch which divides again and again, anastomosing
among themselves. Of such systems there are, normally, only four.

The systems which correspond to the radial prolongations of the genital pouches
are far more complicated: in the first place, the sexual pouch itself must be con-
sidered as a sacklike enlargement of this radiating system, and from the outer wall
of this sack arise the peripheric radiating tubes belonging to it, three of which
are simple, and extend directly to the margin without ramifications. The central
one extends from the middle of each genital pouch to the corresponding marginal
indentation ; the outer ones, bordering each genital system, arise independently near
the outer angles of the genital pouches, and between these three simple tubes, arise
further, from the peripheric edge of the genital pouch, one or two branching radi-
ating tubes, the branches of which anastomose, with one another. There is less
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regularity in the ramifications of these tubes, than of those which correspond to
the angles of the mouth, not only in their mode of ramification, but also in
their origin. Sometimes there are two independent ramifying branches on each
side of the middle tube, equally distant from it and from the simple lateral tubes,
while, at other times, there may be two independent branching tubes between
the middle tube and the lateral tube of one side, and only one on the other
side. At times, again, these branching tubes may be directly connected at their
base with the middle tube, either on both sides, or only on one side. But all
these irregularities are easily accounted for when it is recollected In what way
these tubes are formed, and their normal disposition may best be appreciated by
a comparison of younger specimens (as those of Pl XI'. and XI°.) with adults
(as those of PL VI and VIL). In the young, in which the radiating tubes are
comparatively few, there are hardly any irregularities, and the radiating tubes cor-
responding to the corners of the mouth form one bundle with a main stem and
more or less numerous branches from near the base, the main stem extending
straight to the peduncle of the eye, which is placed in the indentation of the mar-
gin, thus showing that the corresponding branching and anastomosing radiating tubes
of the adult arise from an increase of the ‘branches and more frequent anasto-
nioses among them, while the middle tube is enlarged without further branching.
A similar comparison of the tubes corresponding to the genital pouches shows
that at an early stage there arise three main branches from the genital pouches,
the lateral ones of which remain simple, while the middle one gives off branches
from near its base, the middle stem, nevertheless, remaining simple while the
branches ramify again and again and form numerous anastomoses. As the gen-
ital pouch itself encroaches upon that main stem during its enlargement, the
result is that these branches appear in the end more or less independent from
the main axis.

We have thus four simpler systems, with a single main central branch arising
from the corners of the mouth, and extending in the direction of the oral append-
ages to those four eyes in the marginal indentations, which are in the prolongations
of the same rays, and four more complicated systems arising from a triangular
sack, bordered on each side by a simple radiating tube, reaching the periphery
without further ramifications, and giving rise at their confluence with the marginal
tubes to but slight indentations, while the middle, simple branch terminates in the
peduncle of those eyes which occupy the marginal indentations in the prolongations
of those rays in which lie the genital pouches. The obvious homology of these
parts, with those of Polyps and Echinoderms, enables us to introduce here a more
definite terminology to designate them; for, as the radiating chambers are bound
by radiating partitions, on the margin of which hang the ovaries, thus alternating
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with one another, and as the ambulacral tubes, which are homologous to the radi-
atine chambers of the Polyps, alternate with the ovaries in their radiating arrange-
ment, so do we find here the radiating genital system, with its peripheric radiating
tubes, alternating with systems of radiating tubes extending directly to the main
cavity of the body. It seems therefore justifiable to call the radiating system of
chymiferous tubes, corresponding to the angles of the mouth, the ambulacral system
of tubes, and those which alternate with them, the interambulacral or genital system
of chymiferous tubes.

It thus appears that the peculiar symmetry of our Aurelia arises from the fact
that the ambulacral system of chymiferous tubes is comparatively small and simple,
alternating with an interambulacral system of chymiferous tubes, expanding into
broad pouches, from each of which arises a wide system of peripheric tubes. It
appears further, that the main branch of the interambulacral, as well as that of the
ambulacral system, terminates at the base of an eye, while the main lateral branches
of the interambulacral system, which are also simple, correspond to much less marked
indentations of the margin in which there are no eyes, but which Ehrenberg has
considered as marking the position of as many marginal, anal apertures. Having
injected a great many of these animals in a perfect state of preservation, without
ever perceiving an escape of the injected colored fluid at these places, and having
watched for days and days the circulation of the nutritive fluid through the whole
of these systems of radiating tubes, I venture positively to deny the presence of
any aperture in the periphery of these systems of parts. The lumen of these
simple tubes being somewhat larger than that of the adjoining branching tubes,
their anastomoses with the marginal tubes constitute somewhat wider spaces, in
which occasionally an accumulation of undigested minute particles may be observed;
but these are always after a while carried along with the circulation, and are brought
back to the central cavity in the returning curreuts, and finally rejected through
the oral aperture. Pl VIL Fig. 5, in which parts of the genital pouches and all
the oral appendages have been removed, shows distinctly that while the interam-
bulacral radiating tubes arise from the periphery of the genital pouches, the ambu-
lacral tubes extend to the main cavity of the body. Ehrenberg seems to have
overlooked this difference, for he represents (Pl I Fiy. 1, and Pl IIL Fig. 5, of his
paper in the Transactions of the Berlin Academy for 1836), in an injected speci-
men, all the radiating tubes as arising from one common cavity, which is certainly
not the case in the Aurelia flavidula.

In proportion as our species grows older, the anastomoses of the radiating
tubes become more numerous along the margin, and the circular marginal tube
loses gradually its character of a continuous tube, and assumes more that of a

net-work of anastomoses, with which communicate the many marginal tentacles.
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In view to a further discussion of the homologies of these animals, T would call
special attention to the fact, that we have here eyes in the peripheric prolongation
of the interambulacra, as well as of the ambulacra, and that the angles of the
mouth and their arm-like appendages extend in the direction of the ambulacral rays.

The only points in the structure of Aurelia, the correct appreciation of which
presents some difficulty, are the relations of the central digestive cavity to the
genital pouches and to the oral aperture, and perhaps also those of the ocular
apparatus to the system of radiating  tubes and to the tentacles. A comparison
of the magnified views of young specimens of our Aurelia flavidula, as represented
PL XI’. . 17 and PL XI°, Fig. 5, with adult specimens, Pls. VI. and VII. Fig. 1,
plainly shows, that the central cavity acquires much larger proportions, in comparison
to the size of the body as it grows older; for in the adult that cavity occupies
about one third of the total diameter, while in the young, it is hardly one sixth.
With this change in the relative dimensions, great changes also take place in the
outlines and form of the arms which surround the mouth, of the pillars by which
they are connected to the lower floor of the body, and of the lower surface of
the gelatinous disk forming its upper floor. It has already been stated, that the
adit of the main cavity is at first. a simple hollow pyramid, with the angles of its
opening slightly turned out. These projecting angles soon become pendant append-
ages with a lobed margin, and these so-called arms very soon increase so far as to
equal in length the semidiameter of the disk, so that, when stretched horizontally,
their extreme ends reach to the margin, and when hanging down, they project to a
considerable extent below the umbrella. This pendant position is constantly observed
in younger specimens, and seems to be a mnatural consequence of their compara-
tive thinness and slenderness; but in proportion as the animal grows larger, they
increase considerably in thickness, especially toward the base and along the outer
or upper keel of each arm, while at the same time, the free margins spread and
widen, becoming folded and lobed to such an extent, that each margin appears like
a ruffled curtain, with innumerable fringes along the whole outline. While this is
going on, the open cylinder leading to the main cavity, in the young, becomes
gradually more and more distinctly quadrangular (Pl XI" Fiy. 17); the furrow along
the middle of the prolongation of the angles of the mouth, which is at first very
broad and shallow, grows comparatively deeper and also narrower, the two sides
of each oral appendage closing more and more upon themselves; and by the time
the Aurelia has reached dimensions of about two inches, the oral aperture itself
1s almost constantly closed, by the approximation of two of its opposite sides. This
tendency to closing reaches its maximum in the adults, in which the combined
edges of two adjoining arms are brought into linear contact with the combined
edges of the opposite arms, so that instead of a square opening, leading into the
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main cavity, the entrance to it is a straight line between these opposite folds (Pl
VI Fiy. 1). The oral aperture presents thus a longitudinal fissure, and the two arms
which have a tendency to approximate one another on opposite sides, are respect-
ively on the two sides of that longitudinal fissure. ~There is, therefore, a sort of.
bilaterality introduced in these radiated animals, in consequence of their peculiar
mode of increase of the oral appendages, and their tendency to diverge from the
uniform radiating disposition which they exhibited at first. The rectilinear radi-
ation -of the oral appendages, so conspicuous in the young, is also further lessened
by the circumstance, that the enlargement of their margin causes them to wave
to and fro in folds which widen gradually from the tip of the arms towards their
base, where they are so wide as to hecome entirely onesided. In this stage of
their development, the oral appendages have become so thick, especially at their
base, and the oral tube, which at first was quite distinet from the prolongations
of -the corners of the mouth, has become so intimately connected with the base
of the arms, that these parts have, in a great measure, lost their prior flexibility,
with the exception of the margin surrounding the outer oral aperture, and instead
of hanging loosely down, the arms have a tendency to remain stretched horizon-
tally, their tips only bending downwards; and when the gelatinous disk is strongly
arched, and its margin bent inward toward the appendages of the lower surface,
as in PL VIIL Fig. 1, and Pl VI Fig. 2, the arms do not project at -all beyond
the outlines of the body, but are, on the contrary, coiled up sideways in the con-
cavity formed by the arching of the whole body.

On separating the mesial fold of the arms, and turning sideways their opposite
margins, the short canal between them, which leads to the central cavity, appears
still quadrangular (Pl. VI. Fig. 8). But here also, great changes have taken place
in the outline of the sides of that opening, as a comparison with PL XI®. Fig. 17,
may show. The angles of the inner opening of the oral tube are more prom-
inent, in consequence of the closer folding of the back of the arms, and the sides
of the quadrangular aperture are deeply emarginate, while they are straight in the
young; and these emarginations lead to the channels, by which the genital pouches
communicate with the main cavity. The main cavity itself is at first an open
space between the upper floor or gelatinous disk of the umbrella, and the lower floor
from which arises the oral peduncle; but in proportion as the genital pouches,
which at first are only small, enlarge so far as to occupy almost entirely the cen-
tral space where their inner margins are brought close together, as in Pl VIL
Fig. 1, the lower surface of the gelatinous disk begins to bulge in the centre, and
to press down between the inner angles of the four genital pouches, until they
reach the upper and inner surface of the oral appendages, with which they are
brought into immediate contact (PL IX. Figs. 8 and 9 0), thus lessening the main
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digestive cavity greatly, and finally reducing it to a narrow space, between the
base or pillars of the oral appendages (same figure, ) and the central projection
of the upper floor, 0. In very old specimens, when the spawning season has
passed and the ovaries and spermaries have discharged their contents, the central
projection of the upper floor has become so prominent as to assume the form of
a foursided pyramid, filling the whole space between the four arms, and termi-
nating as a foursided roof, the point of which hangs down towards the external
oral aperture, and, in the end, the contact between the arms and this plug is so
close, that probably all connection between the surrounding medium and the main
cavity is stopped, except along the angles of the mouth and the emargination of
its sides leading to the genital pouches.  The rooflike termination of the plug
presents, at this time, as regular facets, as a four-sided pyramid with truncated angles.

The development of the genital apparatus, as it progresses, is accompanied by
equally great changes in the form of the surrounding parts and their relation to
one another. At first we notice only the oval depressions on the lower surface
of the lower floor, in the interambulacral spaces near the intervals between two
projecting angles of the oral tube, on the outer side of which arise the digitate
bodies; but in proportion as these depressions deepen, and the corresponding parts
of the main cavity above them encroach upon the bases of the radiating tubes, to
form distinet genital pouches, the lower surface of the gelatinous disk, corresponding
to the interval between two genital pouches, projects in the shape of a keel between
them (PL IX. Figs. 6,7, 8 and 9 d, and Fig. 5 0 in the distance), thus tending _
to isolate more and more the genital pouches from the digestive cavity, until the
central prominence of the gelatinous disk has been entirely developed, when they
are fully separated as distinct cavities, preserving only a narrow communication
with that cavity, through the channels marked s in Figs. 5, 8, and 9. At the same
time the lower floor has become greatly thickened, at points marked ¢ in Figs.
7, 8, and 9, in consequence of which the sexual pouches are underlaid by ample
cavities communicating freely with the surrounding medium, from which they are
separated, however, by thin floors stretching across the whole lower side, and sup-
ported by two stronger arches, which, seen from above, as in PL VIL Fj. 1, appear
like folds arising from the inner angle of each pouch and diverging towards its outer
angles.  These arches (PL IX. Fy. 6 p) are distinctly seen in a transverse section
of a genital pouch, where the floor of the cavity is marked p’; they are equally
well seen in an oblique side view of the genital pouch (Fig. 9 p), and in a longi-
tudinal section through a pouch {Fig. 8 7')- It thus appears that while the genital
pouches (Figs. 5, 6, 7, 8, and 9 #) communicate freely with the main cavity through
the channels (s), they have no direct communication whatever with the wide cavities
(/), which are immediately below them ; though these cavities, with their round
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opening, as seen between the arms (PL. VI Fig. 1) and through the genital cavities
themselves (Pl VIL Fig. 1), seem at first sight to be the natural outlets of the
sexual apparatus, and have generally been considered as such. Ehrenberg, in the
paper quoted above, has entirely overlooked the floors with double arches which
separate the genital pouches from the open cavities below, and has represented the
round opening of these cavities as leading directly into the genital sacs. See PL
VIL Figs. 1 and 2, of his memoir.

The natural consequence of this arrangement is, that the ovaries, which are
developed along the periphery of the lower floor of the genital sacs, discharge their
eggs into the cavity above that floor, from which they have no other escape than
through the channels leading into the main cavity of the body, from which they
pass along the medial canals of the arms, into the little pouches formed by the
folding of their margin, where they undergo their first development. This structure
explains fully how it happens that, at the spawning season, the fringed margins of
the arms are so heavily laden with eggs (Pl. VIII. Figs. 1 and 9). Were the eggs
discharged through the lower opening below the genital pouches, as Ehrenberg
supposed, they would immediately be scattered in the water, and could hardly be
gathered again into the folds of the arms; but following the course above described,
at the time when the arms have ceased to be very active, and when their mar-
gins are brought into close contact with one another from both sides, it is hardly
possible that the eggs should readily escape; and, indeed, we find that while they
accumulate in large numbers in the little pouches formed by the folds of the margin,
in which they remain even when the animals are shaken in the water, it is only
late in the season, when the margins of the arms begin themselves to decompose,
that the young, already in their planula state, are successively dropped.

Having thus considered the general relations of these organs, we may now con-
sider more closely some other points of their structure. It is already known that
the Discophor have distinct sexes, but what is not so generally understood is, that
at the spawning season, the males and females may readily be distinguished by
their external appearance. In our Aurelia, at least, the distinction is very easy.
In. the first place, the oral appendages of the females (Pl VL Fjy. 6) are much
stouter and thicker than those of the males (Fjg. 5), their upper side is more
rounded, while those of the males show a prominent keel, and the marginal fringes
are more extensively folded and the folds more intricately interwoven, preventing,
no doubt, the ready escape of the eggs in their undeveloped condition. It may
also be noticed, that even in their full-grown condition, the oral appendages of the
males are more pendant, while those of the females are usually coiled up. In
the second place, the ovaries are of a lighter, more yellowish color, while the sper-
maries are more purplish, or rose color. At the time of spawning, this difference
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In color is very striking, and the distended ovaries and the marginal folds of the
arms filled with eggs, impart to the females a characteristic, yellowish appearance,
whence the name Aurelia flavidula; though, at a later time, when tle young begin
to develop, the yellowish tint Passes into a more brownish-orange tint. The males,
on the contrary, have their spermaries more deeply purple before fecundation takes
place; afterwards their genital organs assume a paler, more rose-colored tint, and
finally fade into dull white, the marginal fringes of their oral appendages never
swelling, as they do in the females, in consequence of the enlargement of the young.
When the genital pouches begin to grow large, the inner peripheric margin of their
lower floor gradually swells and projects into the genital sac, until a garland of folds
(PL VIIL Fiy. 1), waving along the whole edge, is formed, in the plications of
which the ovarian and spermatic cells are developed, as seen in Pl VIIL Fig. 8,
and PL IX. Figs. 1 and 2. Near the folds which contain the eggs and the sperm-
cells, hang the many rows of digitate appendages already described, which by the
time of the maturity of these organs are extremely numerous, and occupy a band
of about the same dimensions as the sexual organs themselves. The function of
these digitate organs is probably to determine currents in the immediate vicinity
of the eggs, and thus to secure a constant supply of fresh, aerated water in their
immediate vicinity.

There are marked differences in the parts along the margin of the disk between
the young and the adult. Not only are the tentacles growing more and more
numerous and proportionally longer, but the lobules which separate them are greatly
enlarged, so much so, that they appear like flat, broad lobes (Pl VIL Fig. 4), between
which the tentacles seem to arise as from sockets, Fjg. 3, when seen from above ;
while the thickness of the lobules themselves is greater on their lower side, as
shown in Fig. 2, and from their inner and lower margin hangs the veil, as seen in
PL VIIL. Fig. 5 ¢ d.  The character of the tentacles in the intervals between two
eyes is very uniform. As in earlier age, however, they are thicker at the base,
with a wider cavity tapering to a blunt end (Pls. VIL and VIIL Fig. 6), the cavity
extending nearly to the tip, but gradually narrowing, while the outer surface appears
as if covered with beads, owing to the crowded clusters of lasso-cells with which
they are set; near the eyes they are gradually smaller, so that the margins of
the indentations in which the peduncles of the eyes, with their visual lappets, are
situated, appear like free spaces, destitute of tentacles; and, indeed, there are here
no ordmary tentacles, but the margin of the disk assumes g peculiar appearance, as
in PL IX. Fig. 4. The sockets for the tentacles are wider, and the lobules between
them flat and broad; while the ocular apparatus itself may be considered as a
modified tentacular margin, the eye, with its peduncle, being a tentacle with a
specialized termination, and the lappets of the eye, so prominent, and comparatively
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very large, in the young, are a kind of flat tentacles, now hardly more projecting
than the lobules between the adjoining tentacles.
In view of a proper appreciation of the morphology of the Acalephs, it is

important to bear in mind that all the marginal appendages of these animals,

whether solid or hollow, whether in the direct prolongation of the radiating tubes,

or arising from the circular tube, bear the same relations to the aquiferous system.

They are everywhere implanted upon its outer edge, and when hollow, are in direct
communication with it. This is the case of the tentacles proper (Pl IX. Fig. 3
d’ d'), as it is, also, with the lappets of the eye (¢ ¢ 7) and with the eye proper
(0). Compare, also, Pl. VI. Fig. 4 and Pl XTI, Fig. 17 and XI°. Fig. 11.  And if
we take into consideration the fact that there is no essential difference between
the tentacles at the base of which there is no accumulation of pigment, and those
in which pigment accumulates to such a degree as to assume the appearance of
an eye-speck, and further that we have well-developed eye-specks at the base of
equally well-developed tentacles, we shall not be inclined to consider as essentially
different, these organs in which the tentacular element is reduced to a minimum, or
entirely wanting, and the ocular element developed to a maximum degree of special-
ization, as is the case in the eye of Aurelia with its peduncle, hollow as a tentacle,
and its lobules projecting like tentacles. But, however perfect and eye-like the
visual apparatus of these animals may appear, it must be remembered that, in its
morphological relations, it is a dependence of the system of radiating tubes, and can
in no way be homologized with the eyes of animals belonging to other branches
of the animal kingdom, in which the organs of sight are formed in a totally different
way. 1 hold that in all Radiates, from the Echinoderms to the Polyps, the marginal
pigmented appendages of the aquiferous system are homologous to one another, and
that, by their function, they are visual organs, even though they are not eyes, as
we find them in other types.

The gelatinous disk, at first regularly lenticular, with a uniformly convex outer
surface and a uniformly concave inner surface, thickest in the centre and gradu-
ally thinning out to the margin, remains uniform on the outside, and the only
change which its upper surface presents, consists in an increased unevenness, arising
from the crowding of epithelial and lasso-cells, which form little inequalities on the
surface, as represented Pl VIIL Fig. 4. The inequalities which are gradually form-
ing on the lower surface of the upper gelatinous floor, and which consist chiefly
in the rising of a central eminence projecting into the main digestive cavi(ty, and
four radiating keels intercepting the four genital pouches, have already been described.
But a profile view of our Aurelia, such as Pl VIIL Fig. 1 represents, exhibits
these Inequalities most distinctly, and especially the encroachment of the sexual
pouches into the substance of the disk, and shows further, very plainly, how the
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interambulacral radiating tubes arise from the periphery of the sexual pouches, while
the ambulacral ones extend further inward between these pouches. The whole system
of these cavities, the radiating tubes, the sexual pouches, and the main digestive
cavity, are hollowed out, as it were, between the upper floor of the body, which
consists of the main gelatinous disk and is by far the thickest, and a lower floor
equally gelatinous, which is everywhere much thinner, as Pl. VIII. Fjy. 2 shows,
(magnified in part Fi. 3), though it is thickest below the genital pouches (PL IX.
Figs. 7, 8, and 9 ¢) and at the base of the oral appendages (4), which are them-
selves a prolongation of that lower floor. A thorough comparison of the histological
peculiarities of . our adult Aurelia, with those of the earlier periods of its growth,
remains a desideratum in its anatomical history.

Professor H. J. Clark has furnished me with the following memorandum of an
investigation of part of this subject, upon which he has been engaged during the
last summer. “Excepting upon the dorsal, or, as recently denominated by Professor
Agassiz, the abactinal region of the disk, the outer and inner walls of the body
are underlaid by-a thin, fibrous, muscular stratum. In that region of the actinal
side, which extends from the base of the tentacles to the outer margin of the
reproductive organs, the muscular fibres are fibrillate, and the fibrillee are arranged
in concentric circles, and are as distinctly striated as in the highest form of muscle ;
yet they are not arranged in fascicles, but lie side by side in a uniform succession,
from the inner to the exterior edge of the concentric series. In every other part
of the body where the fibres are found, excepting in the marginal canal, they
trend radiatingly, and are nearly or altogether destitute of fibrillee and striee; these
features being detected with the greatest difficulty, and, after all, with some degree
of uncertainty. In the 'tentacles, and ocular peduncles, they run parallel to the
axis, and give them a longitudinally banded appearance; in the marginal lobes, they
converge at their blunt apices; and from the bases of the three above-mentioned
organs, they spread laterally, and gradually pass into the concentric series. From
the inner edge of the latter, they again assume the radiating trend, and pass in
direct lines, without changing their course as they traverse the depths of the repro-
ductive pouches, to the base of the actinostome, and thence to the extreme border
of its four lobes.

“Within the body the fibres trend radiatingly, traversing the cavity of the acti-
nostome In lines parallel to those without, and then expanding in the digestive
cavity, they pass directly to its border, following all the convolutions of the repro-
ductive organs, and then entering the radiating canals, they course longitudinally
to the point of junction with the marginal canal, where they diverge laterally, and
follow a circular direction along the channel and parallel to the margin of the
disk. At the bases of the tentacles, the interior and exterior muscular layers unite
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and form a single structure, just within the outer wall, and iinmediately without
the inner wall, thus forming a quasi third, or middle wall to the tentacles. Lest
it may be doubted that these fibres are contractile within the digestive cavity and
chymi}‘erous canals, I would state, that upon being touched with a needle, when
they are laid open by a section, a distinct contraction and a wrinkling of the wall
of the canal may be observed.

«The great contractility of the digitate bodies of the reproductive organs is
well known and undisputed, and yet the muscular layer of these appendages is
directly continnous with that which underlies the wall of the digestive cavity and
chymiferous tubes, and, moreover, with the wall, embraces a solid core or axis, which
is a direct prolongation of the gelatinous layer, the same layer which constitutes
the greater bulk of the body, and gives it a certain degree of rigidity.

«In young specimens, two and a half inches in diameter, within the region where
the fibrillee are concentric in the adult, the inner side of the cells of the outer
wall have their granular contents arranged in parallel lines, which form concentric
circles about the disk. The cells are fusiform and their longer axes trend par-
allel to the granular lines. At a little later period, the interior half of each cell
gradually divides off, after the manner of self-division of cells, and then the mus-
cular portion of each cell constitutes a layer hardly distinct from the cell itself,
and is more like a filamentous prolongation of the parietes of the same, than a
truly separate stratum. We may see the tendency to these prolongations in the
branching cells which are imbedded in the gelatinous layer, not only of the actinal,
but also of the abactinal side, where they connect more or less with those in the
muscular layer; and in the digitate bodies appended to the reproductive organs, the
branching, scattered cells, so characteristic of the gelatinous layer of the disk, are
very rare, and are imbedded in the solid, fibrous, muscular layer, which constitutes
the whole core of each appendage.”

There is another stage in the existence of our Aurelia, which deserves to be
noticed. ~ After the spawning period, a large number of them, reduced in their
natural strength, and unable to resist the influence of the approaching stormy season
in the autumn, are cast upon the shore, while even at that time, large numbers
may be seen still floating upon-the water, near its surface, in a more or less
dilapidated condition, though still alive. At -this time they have lost, to a great
degree, their transparency, owing to the thickening of their tissue by an increased
deposition of animal substance. Their disk has become tough and almost leathery,
and is more elastic, thongh at the same time more brittle than it was before. The
tentacles are, for the most part, gone, as well as the eyes; and this decomposition
of the margin extends so far, that even the marginal tube and parts of the anasto-
moses of the radiating tubes disappear. Yet even in that condition, the fluid
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continues, in g measure, to move to and fro from the majn cavity, through the
radiating tubes and back again, the contractions of the injured margin obliterating
the canals through which it would otherwise ooze out at the periphery. The same
is the case with the fringes along the margin of the oral appendages; they grad-
ually drop off, and with them parts of the arms themselves, especially toward their
extremities, which become blunt. Evidently they are now in a dying condition,
and can scarcely regulate their course. They are frequently capsized, and air
accumulates in the cavities of the body, especially in the genital pouches, the lower
floor of which is also destroyed.  As soon as air has been lodged in these cavities,
the Aurelia is forced to the surface of the water, where it floats at the mercy
of the elements. No sooner has it ceased to regulate and control its motions,
than swarms of little shrimps fix themselves upon its surface, and enter its interior
cavities, where they are occasionally found crowded in hundreds, A small species
of Hyperia seems particularly to delight in resorting to our species. The gelatinous
disk is the last part of our Medusa which may be found floating in this way
upon the water, deprived of all its appendages. But such is the continuity of
the tissues of the umbrella, in Aurelia, that it does not break up in regular organic
segments, as does that of our Cyanea.

The manner in which stranded Medusee are sometimes covered in hot, dry, and
windy days, by floating sand, and moulded in it, explains the possibility of the
preservation of Acalephs in a fossil state. The few specimens found in the fine-
grained limestone of Solenhofen were probably preserved in that way.

With a view to a closer comparison of these animals with other Radiates, it
may not be out of place to notice here, that the whole upper floor of the body of
the Medusse bears the same relations to the main cavity and its radiating tubes,
as the roof of a Starfish does to its furrowed under surface. We are, therefore,
Justified in considering this disk as an abactinal structure ; and it may well be said
that a Medusa, with its convex bell-shaped umbrella, resembles closely some of the
bell-shaped Crinoids, the abactinal parts of which form the calyx, so called, while
the ambulacral area may be compared to the lower surface of a Medusa, since
the absence of a stem in Comatula has already taught us, that this support is not
an essential element of the structure of a Crinoid. Moreover, while attached to
their Hydroids, the naked-eyed Meduse do not differ from the Crinoids, even in
that respect.
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SECTION IV

HOMOLOGICAL RELATIONS OF AURELIA AND ECHINODERMS.

Leuckart, and with him most of the German naturalists, have urged their convic-.
tions of a typical difference between the Acalephs and Echinoderms with so much
confidence, that, holding, as I do, the contrary opinion, I feel bound to avail myself
of every opportunity of opposing their conclusions; and Aurelia furnishes so striking
an instance of a close resemblance to Echinarachnius, that, as a complement to the
anatomical description of our Medusa, I may be permitted to compare, more closely
than might otherwise be necessary, two representatives of the classes in question.
That the plan of structure of the Coelenterata bears a striking resemblance to that
of the Echinodermata, is, I believe, conceded even by those who would separate
them, as two primary divisions of the animal kingdom. But it is not generally
understood that this resemblance is founded upon as perfect an identity of the
structural elements of the two divisions as exists between the classes of Vertebrata;
for were this identity fully appreciated, the complications of structure which dis-
tinguish them, could not be so strongly insisted upon as evidence of their typical
difference, as is done by Leuckart and his followers.

Before proceeding, I would remind the reader of the little value which numerical
differences undoubtedly have in this question, notwithstanding the constancy of the
number of parts in most of the Radiates; for though the number five is the typical
number among Kchinoderms, there are Crinoids and Starfishes, and even Echinoids,
with four and six spheromeres, and others with an unusually large number; and
though the number four and multiples of four are the typical numbers of Acalephs,
we find those which have five and six spheromeres, and other numerical combi-
nations. We need, therefore, not hesitate to compare an Aurelia with a quadri-
partite and an FEchinarachnius with a quinquepartite arrangement of their parts;
and I trust that at least upon that ground, no exception may be taken to the
conclusions at which I have arrived.

The first question to which I would call attention is, whether Aurelia consists
of eight or of four spheromeres. At first sight it would seem unquestionable, that
there are eight equivalent rays in the body of an Aurelia or Cyanea, all having
an eye at their peripheric termination, but four and four of which, alternating with
one another, differ in supporting an oral appendage and a sexual pouch. If, how-
ever, the peculiarities of other families are taken into consideration, it will at once
appear that neither the presence nor the position of the eyes, is in itself sufficient
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to determine the number and the relations of the spheromeres, for in Tiaropsis
the eyes are not in the medial prolongation of the radiating chymiferous tubes,
though they occupy that position in Coryne (Sarsia) mirabilis and many other
Acalephs.  Again, in Polyclonia (Pl XIIL Figs. 2, 3, and 4), there are no eyes
in the prolongation of the rays in which the sexual pouches are situated, though
there is an eye in the medial prolongation of each ray occupied by a sexual pouch
in Aurelia and Cyanea (PL IV and VII). On the other hand, the corners of the
mouth always coincide with one radiating chymiferous channel; and in most Hydroids
there are no other chymiferous tubes besides those which thus correspond to the
main avenues of the mouth, while the sexual organs follow these channels in
bands, on each of their sides, and in all Echinoderms we find the sexual organs
occupying an interambulacral position.  The question, therefore, turns upon this
point: Are the spheromeres of Radiates necessarily identical, or may heterogeneous
spheromeres alternate with one another? or, in other words: Does the body of an
Aurelia consist of eight spheromeres, four of which are connected with the oral
appendages and four with the sexual pouches, and that of an Echinus of ten, five
of -which are ambulacral and five interambulacral ? or, are the interambulacral zones
only a special expansion of the sides of the ambulacra, and not by themselves
distinct zones in the body of Radiates? If we take a comprehensive view of the
whole type of Radiates, there seems to me o difficulty in the solution of these
questions. In Crinoids and Starfishes the prominent rays of the body are essentially
ambulacral in their structure and homologies, and if in Echinoids the interambulacra
assume an apparent independence, it is solely owing to the widening of the little
plates extending along the ambulacral plates of the Starfishes, and the consequent
swellng of the whole body into a more spheroidal form; but even here the
so-called interambulacra are only the flanks of the ambulacral zones, and owe their
prominence more to the circumseription and separate development of the plates of
which they consist than to any intrinsic importance, since nothing of the kind exists
in the Holothurians. And if we extend the comparison to Polyps, we see this
conclusion fully sustained by the fact, that the radiating partitions, which separate
the radiating chambers, bear the same relations to these chambers and their peri-
pheric tentacles, as the interambulacra of the Echinoderms bear to the ambulacra ;
or, in other words, we become satisfied that the radiating chambers are homologous
to the ambulacral system, and the radiating partitions homologous to the inter-
ambulacra. Now in Polyps, as well as in Echinoderms, the sexual organs alternate
with the ambuiacra, that is to say, in Polyps they are attached in a double row

! Sce my Contributions to the Nat. Hist. of Figs. 1, 8,4, and 5, in Mem. Amer. Acad. vol. 4,
the \calephe of North America, Part. I. Pl. VL and’ the chapter on Tiaropsis in this volume.
VOL. IV. 9
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to the projecting edges of the radiating partitions, and in Echinoderms they rest
upon the interambulacral zones, either as a compact mass or in two rows, one on
each side of adjoining ambulacra. In the naked-eyed Medusee the same arrangement
obtains throughout, whether the sexual organs are situated along the chymiferous
tubes or upon the proboscis; for in both cases these organs are upon the sides
of the medial channel of thie ambulacral system, which is tantamount to occupying
an interambulacral position.

Now is it probable that the covered-eyed Meduse should alone form an exception
to the plan of structure which obtains in all the Radiates? Such exceptions exist
nowhere in the animal kingdom; and if there
is any difficulty here, it can only be in the
inte'rpretation of the facts, and in the con-
struction thus far put upon them. Let us
therefore examine what the facts of the case
are. It has already been shown, page 52, that
the radiating chymiferous tubes of Aurelia (Fig.
2) have not all the same origin, and that while
four systems of them communicate directly with
the main cavity of the body, four other sys-
tems, alternating with the former, arise from the

sexual pouches of which they are a direct con-

Irosiin SoAvipoie Ho § LS. tinuation, as the others are a direct continu-
oral aperture.—o o genital organs.—m m m oral ap” ation Of the digestive C&Vity.
pendages, in outlines.—ec ¢ ¢ eyes.—7 tentacles.

The chief difference, then, between Aurelia
and the Hydroid-Medus®, consists in the greater isolation of the sexual organs from
the main chymiferous tubes; but this separation is precisely in accordance with the
general progress of the organization of the Radiates, from the lowest Polyps to the
highest Echinoderms. In Polyps the ambulacra are wide chambers, and the inter-
ambulacra narrow partitions, upon the edges of ‘'which the sexual organs are inserted ;
in the naked-eyed Medus® the interambulacral system has become wide, and the am-
bulacral system is reduced to narrow tubes, but the sexual organs are still in the
immediate proximity of the chymiferous tubes; in the Echinoderms, in which these
organs have become entirely independent of the ambulacral system, they are placed
in the middle of the interambulacral zones. In the Discophore proper, they present
an intermediate combination; separated from the four systems of chymiferous tubes
which arise from the main cavity of the body, they are connected with special
systems of chymiferous tubes, no longer directly opening into the main cavity, but
arising from the wide pouches in which the sexual organs are suspended. The cir-
cumstance that there is an eye at the peripheric termination of each median tube of
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these sexual chymiferous systems, cannot be an objection to considering these systems
as interambulacral structures, since we have already seen that in Tiaropsis the eyes
are not in the ambulacral rays, but in the interambulacral spaces; and the presence
of chymiferous tubes in the interambulacral spaces is no more exceptional in these
Meduse, than in many Echinoderms, among which I have observed and described
them in Echinarachnius, more than twelve years ago! An objection to this expla-
nation might perhaps be made on the ground that, in so viewing the Discophorz,
the parts considered as interambulacral are more extensive, more conspicuous, and
more characteristic than those regarded as ambulacral. No doubt they are; but this
does not alter their homologies, any more than the fact that in Cidaris the ambulacra
are also much nafrower, and less conspicuous than the interambulacra. Indeed, the
relative development of the ambulacral and interambulacral zones varies from one
family to the other, in one and the same -class, throughout the type of Radiates.

A more direct comparison of Aurelia (F%. 2) and Echinarachnius (Flig. 3), or
some other member of the family of the Scutellide,
cannot fail to remove other doubts, respecting the close
structural resemblance of the Acalephs and Echinoderms,
which may linger in the minds of those who have be-
come accustomed to consider them as belonging to differ-
ent types. In the first place, the prevailing idea that
while Acalephs have a body consisting of a continuous
mass of gelatinous substance, in which there are only

limited cavities, the Echinoderms have thin, solid walls,

EcoRINARACHNIUS PARMA.

surrounding a wide hollow space, in which all the organs et apserr = vt s sl
of the body are inclosed, is far from accurate. In many Gt N SR = NSy
of the Scutellidee, the central cavity of the body is hardly

more extensive than that of Aurelia, and certainly not so wide as that of Cyanea;
and far from being circumscribed by thin walls, it is surrounded by a spongy mass
quite as continuous, and forming as large a proportion of the bulk of the body, as
the disk of any Medusa. The difference in the rigidity of that mass cannot be
considered as typical, any more than the peculiarity of the skeleton of the Selachians
or Myzonts constitutes a typical difference between them and the other Vertebrates.
Moreover, among the Echinoderms there are those, such as the Holothurians, the body
walls of which are not rigid; and among the Acalephs there is a numerous group,
the Tabulata, the largest part of the body of which is as rigid as the hard-shell
Echinoderms.  All this goes to prove, that among the Radiates, the distinctions
adopted upon the ground of the presence or absence of solid parts, are losing their

1 Comptes-Rendus de I'Académie des Sciences for 1847, in a letter to -Humboldt, p. 677.
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importance, with every step of our progress in the knowledge of their structure,
just as similar distinctions among Molusks have lost their value as tests of the
natural affinitics of these animals.

If we next consider the systems of radiating tubes, it must be borne in mind
that the Echinoderms have mnot only ambulacral tubes, as is believed, but also, in
some of their representatives at least, peculiar interambulacral tubes, quite as ex-
tensive as those of the Acalephs, even though these tubes have generally been
either overlooked or considered as belonging to the ambulacral system proper. In
my third monograph, which is to contain the Natural History of the North American
Echinoderms, I shall give a full account of the structure and connections of this
complicated system. It may suffice for the present to show, that there exists a
system of radiating tubes in the interambulacral zones of the Echinoderms, corre-
sponding to the system of chymiferous tubes radiating from the sexual pouches of
the Acalephs to the periphery of the disk, where it anastomoses with the circular
tube of the margin, and through this with the ambulacral system, in the same
manner as the interambulacral system of radiating tubes of certain Echinoderms
anastomoses with a similar circular tube of the margin of their disk, and through
this with the ambulacral system proper. This system of radiating tubes is nowhere
more extensive, among FEchinoderms, than in the families of the Scutellidee, the
Clypeastroidee, and the Laganide; but the resemblance with the Discophore is
particularly striking in the Scutellidee, where the broad expansion of the margin
of the disk leads to-an obvious similarity of form to the flat disk of our common
Medus®. When tracing these homologies, however, it should not be forgotten that,
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