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THE results of the present paper have formed the subject of
a preliminary communication made to the Cambridge Philo-
sophical Society (16). The case of embryonic fission which I
have now to describe in greater detail appears to me, on the
assumption that my explanation of the observed facts is the
correct one, to be without parallel in the animal kingdom.

My observations refer entirely to the genus Crisia, and in
particular to a form common at Plymouth, which I have
described as a new species under the name C. ramosa (17).
The general results may be stated as follows:—

(i) The ovicell, which is morphologically equivalent to a
zocecium, develops at the growing-point in the same way as an
ordinary zocecium.

(ii) A polypide-bud is found in the young ovicell, consisting
of tentacle-sheath and a part which represents the alimentary
canal of a polypide.

(iii) Small egg-cells are present in various parts of some of
the growing-points. One of these acquires a close relation to
the potential alimentary canal of the ovicell-polypide.

(iv) This potential alimentary canal grows round the ovum,
losing its previous form, and becoming a compact multi-
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nucleated follicle surrounding the egg, which at first lies in an
excentric cavity in the follicle.

(v) The ovum segments1 and the blastomeres may, in early
stages, be completely separated from one another. The rela-
tions of the segmenting egg to its follicle are similar to those
described by Salensky (28) in Salpa (cf. Salensky's figs. 12,
13, on pi. x).

(vi) The ovicell is meanwhile maturing, and by the end of
the segmentation of the ovum has been shifted to some dis-
tance from the growing-point by the superposition of new
zocecia above it. Its non-calcified aperture, which, at an earlier
stage, formed the wide end of a large funnel, has become
constricted, and has grown out into a long tubular orifice.

(vii) At the end of segmentation, the embryo consists of a
small mass of undifferentiated cells, lying near the distal end
of the follicle, which has increased largely in size, and now
forms a spherical knob projecting freely into the interior of a
spacious tentacle-sheath. A complicated arrangement of cells
connected with the aperture has meanwhile been formed.

(viii) The follicle becomes vacuolated, and is soon trans-
formed into a nucleated protoplasmic reticulum. The tentacle-
sheath loses its distinctness.

(ix) The number of blastomeres increases, cell-limits being
indistinguishable at this, as at all other stages, excepting the
very earliest.

(x) The embryo, having thus considerably increased in size,
although remaining a solid mass, without differentiation of
organs, grows out into several finger-shaped processes, which
are generally directed towards the distal end of the ovicell.

(xi) The finger-shaped processes are divided up by a series of
transverse constrictions into rounded masses of cells, each of
which becomes a complete larva.

(xii) This process of embryo-formation continues during the
whole functional period of the life of the ovicell, and is still
actively proceeding at a stage when many of the embryos are
mature, or nearly mature. The number of (secondary) embryos

1 The occurrence of a process of fertilisation was not made out.
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present in an ovicell at any one time may exceed one hundred,
and these have all been produced by budding from the above-
described " primary embryo."

(xiii) Each of the " secondary embryos" acquires its well-
known two-layered condition at the time of its separation from
the budding mass of embryonic cells. It develops in a vacuole
of the protoplasmic reticulum, which presumably supplies it
with nutriment since the embryo rapidly increases in size, be-
coming ciliated externally, and ultimately escaping through
the tubular aperture of the ovicell as a characteristic Cyclo-
stome larva.

Taking the above history into consideration, it is not sur-
prising that, as is actually the case, the Cyclostome larva
differs considerably in structure from that of other marine
Polyzoa. This history also explains the fact that no observer
has ever succeeded in giving an account of any process corre-
sponding to egg-cleavage in Cyclostomata.

The protoplasmic mass surrounding the embryos has been
figured by Smitt (34),1 who has alluded to the yellow colour
so characteristic of the contents of the ovicell. This colour is
contained principally in the protoplasmic reticulum, although
the embryos themselves have a yellowish colour.

The first satisfactory account of the Cyclostome larva was,
however, given by Barrois (1), who calls special attention to
the fact that no previous observer had been able to discover
"genital products" in any Cyclostome, and adds, " Je n'ai
pour ma part encore reussi qu'a suivre les morulas jusqu'a
des stades composes d'un nombre d'elements de moins en
moins nombreux et plus volumineux, sans re"ussir encore a
constater d'une maniere bien certaine la presence de l'ceuf; "
although supposing that the Cyclostomes do not really differ
from other Polyzoa in this respect.2 Barrois' failure to under-
stand the early development of the embryos is readily explained
if my own account be correct; and it is not surprising, con-

1 See Ilia pi. iv, fig. 2.
s L. c , pp. 58, 59, note.
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sidering the great difficulty of making out anything of the
nature of the early stages except by means of sections.

Barrois expressly states that the earliest stage to which he
succeeded in tracing his morulas with certainty is that repre-
sented in his pi. iii, fig. 3. This s tage exac t ly corre-
sponds with the condi t ion at which I have found the
embryos to be cons t r ic ted off from the budding
pr imary embryo (cf. PI. XXIII, fig. 11). Barrois was, how-
ever, once successful in finding a cell, the egg nature ofwhieh
he considers uncertain (his pi. iii, fig. 1); and in another case
in finding what may have been an egg divided into two blasto-
meres. It is not easy to say whether the former cell was
really an egg, or whether it was merely one of the giant-cells
described below.

The rest of Barrois' account contains an erroneous history
of the later stages, which he himself was the first to correct
(2). I am compelled to doubt altogether Barrois' account
here given (not accompanied by any figures) of the supposed
occurrence of a process of segmentation of the egg, accom-
panied by the formation of an epibolic gastrula. In a later
paper (3) Barrois figures quite accurately the "morula" at
the stage at which it becomes independent (his pi. i, fig. 26),
although he wrongly supposes that the inner layer of cells
disappears in the later stages (his pi. iii, figs. 29, 30).

Although MetschnikofF (23, pi. xx, figs. 61—64) gives
admirable figures of the early embryos of Discoporella
radiata , the earliest stage observed by that author is the
stage at which the "secondary" embryo becomes free from
the budding mass of embryonic cells. Ostromnofi1 (25) is no
more fortunate in elucidating the early history of the embryo
of Cyclostomata.

I. Development of the Ovicell.

This process, which takes place fundamentally in the same
manner in all the species of Cris ia which I have examined,
has been to some extent described by Smitt (34), although
most writers have paid little attention to the difference
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between the form of the adult ovicell and that of the younger
stages of the same organ.

The ovicell is developed at the growing point, and it is here
that the early stages in the development of the egg take place.
A young internode1 may be described as an acute-angled
isosceles triangle with two sub-equal sides {AB, AC). Within
the triangle a calcareous septum occurs parallel to AB, cutting
off the oldest zocecium of the internode from the others.
Tho next septum is parallel to AC, and is nearer to the base
of the triangle. The formation of septa, alternately parallel
to AB and AC, gives rise to a series of alternate zocecia, an
arrangement characteristic of Crisia. The oldest zocecia are,
of course, those nearest to the apex of the triangle, and the
central part of the base is the region from which, with con-
tinued growth, fresh zocecia are cut off. It remains to be
stated that the growing-point, like the adult internode, is
flattened, and that the openings of the zooecia are lateral, and
are directed towards one of the flat surfaces of the branch.

As the internode elongates, its proximal zocecia acquire their
full length, and cease to take part in the formation of the
growing-point. Or, explaining this by the former illustration,
let the internode grow to twice its former length, the growing
point remaining of the same width throughout its growth.
By producing the lines of the septa already present it will be
seen that if the growing point does not grow wider the older
zooecia will be excluded from it, their growth being completed.
It follows that the zocecia, several of which occur in a young
state at the end of the branch, become successively shifted to
the edges of the growing-point, preparatory to leaving it
altogether.

The growth of the zocecia and of the ovicells takes place by
the apposition of fresh material at the distal end. The proxi-
mal end of each unit of the colony is first laid down, and the
last-formed portion is the aperture. Thus, by drawing a line
transversely at any level across an internode, whether the in-
ternode bears an ovicell or not, we obtain an accurate idea of

' Compare pi. XXIV, fig. 15.
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the condition of the branch'when the growing-point was at the
level of that line. It follows from the shape of the ovicell,
that an ovicell which is half grown will have the form of a
wide-mouthed funnel, as shown in the figures of Smitt and
others. But although it is easy to recognise a young ovicell
at this stage, it is anything but an easy matter to distinguish
the ovicell while it is still a sub-median member of the
growing-point.

The ovicell is indeed merely a modified zooecium, as is
shown by the method of its development, as well as by its
internal structure. Further evidence for this statement is
afforded by the occasional occurrence of abnormal units of the
colony, intermediate in form between the zooecia and ovicells
(17, pi. xii, fig. 12).

In PL XXIV, fig. 19, the proximal portion of the ovicell is
already developed. The first, second, and third units of the
internode are zooecia, the fourth being an immature ovicell.
The growing-point is formed, on the right side, by the base of a
lateral branch, which would have been borne by the fifth
member of the internode. There follow, in order from right
to left, the fifth unit, the actual growing-point capable of pro-
ducing fresh zooecia, the sixth unit, and the ovicell. The last
occurs at the left side of the growing-point; but while its
proximal end is in the same plane with the zocecia of the inter-
node, the open end of the funnel is already projecting forwards
(i. e. in the direction of that surface of the internode on which
the zocecia open). This condition becomes more prominent at
a later stage, so that the ovicell, in its most swollen portion,
projects considerably beyond the level of the general surface
of the internode.

By referring to pi. xii, fig. 11, of my former paper (17) it will
be seen that the zooecium "5" (in fig. 19) would have formed
its aperture at the level of the middle of the ovicell, while " 6 "
would have completed its growth at a very short distance
above it.

The young ovicell has, at first sight, the appearance of an
open funnel. This is not really its condition, since its end is
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closed by a chitinous uncalcified membrane (ectocyst). This
is the condition of the ovicell, and of the growing-points
generally, at all stages before their growth is completed and
the definitive apertures are formed. The funnel, which is, in
fig. 19, the most conspicuous part of the ovicell, is consequently
merely that part of the ovicell in which calcification has
occurred.

In fig. 20 (in which the arrangement of the lateral buds
does not correspond with that in fig. 19) the zooecia have been
numbered in such a way as to facilitate comparison with fig.
19. The zooecium "5" is already complete, while " 6 " is
beginning to free itself from the growing-point. The growth
of the ovicell has progressed, the most swollen part is already
completed, and the aperture (.still closed by a membrane of
uncalcified ectocyst) is beginning to constrict.

In fig. 21 the zooecia "6" and "7" are complete. The
aperture of the ovicell is still further constricted, and now
consists of a slit-like portion which will soon close completely,
and of a wider portion which will become the base of the
tubular aperture so characteristic of this species (C. ramosa),
A comparison of figs. 19—21 with one another will show that
the method of the growth of the ovicell has been such as to
bring its distal portion on to the front of the branch, while its
proximal portion is lateral, and in series with the zooecia. The
base of the tubular aperture thus comes to be situated at about
the middle line of the internode.

The valve of the ovicell (17, pi. xii, fig. 10) is formed as a
ridge from the back of the ovicell at a stage between figs. 20
and 21. The growth of the ovicell will be completed hy the
outgrowth of the tubular aperture.

So far as I have been able to make out, the aperture is closed
by the uncalcified membrane of ectocyst at all stages of its
development, and does not become actually perforated until
the escape of the first larva. I am quite unable to say when
and how the process of fertilisation is effected.
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II. The Male Sexual Elements.

There can, however, be no doubt of the existence of sperma-
tozoa in Cyclostomes, although I am not aware that they
have previously been described.

In Crisia I have usually found them in colonies without
ovicells1 (17, p. 145), although they occur in ovicell-bearing
colonies in Idmonea serpens.

The spermatoblasts occur in masses filling up a large portion
of the body-cavity of sexual individuals. The sperm mother-
cells in both Idmonea and Crisia seem to occur in groups
of four (PI. XXII, fig. 4); and the four flagella when first
developed appear, under insufficient magnification, as if they
belonged to one cell. The mature spermatozoon (fig. 4)
possesses an elongated head (measuring about •0064 mm.), and
a long, active flagellum.

In C. cornuta it was noticed that a delicate, hyaline layer
of endocyst protruded from the aperture of the zooecium,
during the escape of the spermatozoa, in the form of a cone at
the apex of which the spermatozoa escaped.

III. The Origin of the Secondary Embryos.

My observations on this part of the subject have been made
almost entirely by means of sections. The ovicells were pre-
served and decalcified, at one operation, by placing in a mixture
of corrosive sublimate, nitric and acetic acids. The most suc-
cessful staining was obtained with Grenacher's haematoxylin
or with borax-carmine, in the latter case washing with alcohol
containing picric acid.

The free larva of C. eburnea is well figured by Barrois
(1, pi. iii, fig. 22). It is, roughly speaking, cylindrical in
shape, being covered externally by a complete coating of cilia.
At one end of the cylinder is an aperture leading into the
" sucker," by means of which fixation is effected; and, at the
opposite end, is another aperture leading into the so-called

1 In one case, spermatozoa were found in a colony of C. cornuta, which
bore a single very young ovicell.
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" mantle-cavity." I have observed no trace of a " pyriform
organ." Barrois (2, p. 142; 3, p. 43, pi. iii, fig. 31) states,
however, that he has discovered a rudiment of this structure
in the larvse of Discopora.

The internal structure of a young larva may be illustrated
by means of fig. 23, a median longitudinal section. The
sucker is already well developed, having been formed, as in
most other Ectoproct larvae, by a process of ectodermic in-
vagination. Cilia have appeared on the greater part of the
external surface, the non-ciliated part of the ectoderm repre-
senting the portion which will be later invaginated to form the
mantle cavity. The inner layer of cells is still perfectly dis-
tinguishable, forming a thin layer, closely applied to the ecto-
derm, and enclosing a cavity which occupies the whole of the
interior of the embryo.

The earlier stages, which alone concern us at present, may
be realised by assuming that the volume of the embryo shown
in fig. 23 has become largely reduced; and that the sucker
has become flattened out. Slightly anterior to the stage of
figi 22, the sucker is much shallower, and opens by a wide
aperture in the middle of the " oral" surface. Still earlier,
the sucker is a very slight depression of the thickened " oral"
ectoderm. The inner layer is at this stage a layer of great
tenuity, in which a nucleus is thick enough to form a
swelling wherever it occurs. Before this, the embryo is plano-
convex, the position of the future sucker being represented by
its flat side; and, still earlier, it is rounded in section, the
inner layer consisting of a few cells, completely surrounding a
central cavity. Between this stage and that shown in fig. 22,
the inner layer may be separated, in parts or completely, from
the ectoderm; so that it would be impossible to overlook its
presence in any well-preserved section.

At the earliest stage at which the embryo is free in the ovi-
cell, it consists of a small rounded mass (PI. XXIII, fig. 11)
The outer layer is in the form of a continuous mass of proto-
plasm, enclosing one layer of nuclei. The inner layer also
consists of continuous protoplasm, with a very small number
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of nuclei arranged in one row; and it encloses a minute
central cavity.

PI. XXIV, fig. 17, represents a median section, slightly
magnified, of an ovicell of Crisia ramosa. The ovicell con-
tained in all about 115 embryos, which were embedded in a
loose protoplasmic reticulum, filling up most of the cavity of
the ovicell. In the older embryos, the conspicuous sucker or
" internal sac " is clearly seen; and in some of them, a slit-
like space which is the mantle-cavity. The aperture of the
latter to the exterior is not shown in any of these embryos.
To the left of the ovicell is the structure from which all the
embryos have been produced. This structure is labelled
" primary embryo;" the evidence that this name implies its
real nature being given in the sequel. The primary embryo is
produced into several processes; and indications are seen, in at
least one case, that the end of the process is being constricted
off, as a rounded mass of cells, which is equal in size to the
smallest of the embryos found free in the protoplasmic reti-
culum.

Fig. 11 (PI. XXIII) is a longitudinal section of a young
ovicell, at the period when the formation of " secondary"
embryos (i. e. embryos which are developed by budding from
the "primary" embryo) has just commenced. The proto-
plasmic reticulum includes one or two free embryos, the
structure of which has already been described. The most
conspicuous structure in the section is, however, the large
primary embryo, which consists of a dense mass of granular
protoplasm containing numerous nuclei, and having an ex-
tremely embryonic appearance. This structure is in a state
of active growth, as is shown by the occurrence of nuclei with
karyokinetic figures. The proximal end of the primary em-
bryo is compact and rounded, and contains centrally a group
of nuclei which are distinguished by the activity with which
they are undergoing division. The opposite end of the primary
embryo is produced into several irregular processes, which
show constrictions at intervals. Prom the ends of two of
these processes, embryos have just been constricted off, and
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are seen disconnected from the primary embryo. The con-
strictions indicate the limits of as many future embryos.

The "primary embryo" contains, distally, an irregular
cavity. I t is difficult to be sure of the exact arrangement of
the embryogenic processes; but in some cases at least it is
evident that the distal end of the primary embryo has the
form of an irregular cup, the processes forming the wall of the
cup, from which they become free at their ends. The irre-
gular cavity seen in fig. 11 is part of the cavity of the cup.

Towards the ends of the processes an ectodermic layer
becomes clearly differentiated ; while, in the centre of each of
the swellings indicating a future embryo, a small group of
inner-layer cells can, in some cases, be clearly distinguished.
The ectoderm of the processes is continuous with the outer
nucleated layer of the primary embryo, and with the similar
layer immediately lining its distally-placed cavity. The inner-
layer cells of the secondary embryos are continuous with the
inner nuclei of the more solid, proximal half of the primary
embryo. But these nuclei and the protoplasm surrounding
them are not throughout clearly differentiated from the outer
layer of nuclei. I am, however, inclined to suppose that the
somewhat triangular, clear mass of protoplasm at the proximal
end of the primary embryo, containing actively dividing nuclei,
is the region which gives rise to the inner-layer cells. This
region can generally he distinguished with ease in ovicells at
this stage.

The primary embryo consists of a mass of embryonic cells
(or, rather, nuclei embedded in continuous protoplasm) which
are obscurely differentiated into outer and inner cells (or
nuclei). The whole function of this embryo is to act as an
embryogenic organ, or producer of secondary embryos, and it
possesses no structures which can be described as its own
organs.

At its proximal end, the primary embryo is budding off
nuclei which migrate into the protoplasmic reticulum, where
they become indistinguishable from the rest of the nuclei
of that reticulum. I have been unable to make out the
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significance of this phenomenon, which I have frequently
observed.

I am in a position to multiply indefinitely figures showing
the important fact that the young larvae are really produced
as buds from a " primary embryo." I consider that I have the
clearest possible evidence of the following statements :

i. The larvae are produced as buds from an em-
bryonic mass of cells found in the young ovicell.

ii. They a re produced in no other way than tha t
mentioned under i.

The embryogenic organ is invariably present in all ovicells
in which young embryos are found, and in most of the older
embryo-containing ovicells as well. I t is still active, even at
the stage shown in fig. 17. The youngest embryos, free in the
reticulum, are invariably identical in structure with the ends
of the processes of the primary embryo, and there is not the
slightest trace in any of the ovicells, young or old, of the de-
velopment of larvse by the ordinary process of the segmentation
of an egg.

It might, indeed, be supposed that the bi-nucleated cell
shown in the upper part of the reticulum in fig. 11 had the
nature of a dividing egg. This supposition is not confirmed
by an examination of the actual facts. While the evidence in
favour of the origin of the larvse by a process of budding is
unmistakably clear, there are no transitions between such
cells as the large one shown in fig. 11 and the young two-
layered larvae. These large cells, which are normally present
in the ovicells, are probably of the nature of " giant-cells/'
similar to those which are found in developing bone. This
subject will be considered later; but it may be pointed out
that it is possible that the supposed egg-cell figured by Barrois
(1, pi. iii, fig. 1) may have been one of these giant-cells.

IV. The Development of the Primary Embryo.
Fig. 15 (PI. XXIV) is a decalcified internode of C. eburnea,

possessing a very young ovicell. The internode consists of
one complete zooscium, which bears the beginning of a-lateral
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branch; of a second zooecium, which is very nearly mature;
of the ovicell as the third member of the internode; and of
the real growing-point, which contains a young polypide-bud;
although the corresponding zooecium is not yet separated off
from the growing-point by a septum.

The ovicell contains a structure which is the exact equivalent
of an ordinary polypide-bud. This consists of (1) a thick
(proximal) mass of cells, which in a zooecium would give rise
to alimentary canal and tentacles; (2) a thin-walled portion,
next to the above, and corresponding to the tentacle-sheath; and
(3) a distal portion, indicated by two parallel lines in the sketch,
and which is really an invagination of the distal body-wall of
the ovicell; This is formed in a precisely similar manner in
any young zooecium, where it develops into the aperture.

Fig. 1 (PI. XXII) is a nearly median longitudinal section
of an ovicell at nearly the same stage as fig. 15. The body-
cavity is, as in ordinary zooecia, largely filled up by funicular
tissue, but contains an obvious polypide-bud, the distal portion
of which can be clearly distinguished as a tentacle-sheath,
similar in all respects to the same structure in an ordinary
polypide-bud. The one fact, indeed, which enables this member
of the colony to be distinguished as an ovicell is the presence
of a relatively large cell, which is closely applied to one wall
of the polypide-bud. The latter shows some tendency to give
off cells which are growing round the large cell. This has a
diameter of about "0176 mm., and it has a large clear nucleus
with one or two nucleoli. Its structure, in fact, reminds one
irresistibly of that of an egg ; and I believe this cell to be the
source from which all the larvae produced in the ovicell are
developed.

"Eggs" of this kind are found in various positions in some
of the growing-points. Thus in the particular individual in
question there is a second, smaller egg1 in the same ovicell;
and in the next zooecium there are two eggs1, one of which is
at the apex of the polypide-bud. The fact that these eggs are
commonly found in the growing-points leads me to suppose

1 Not visible in the particular section figured.
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that several are produced in each fertile internode, apparently
by a modification of cells of the funicular tissue, and that their
further development depends on their entering into definite
relation with a polypide-bnd. If this association is brought
about, it may be assumed that what might at first have de-
veloped into a zocecium becomes an ovicell. In abnormal
cases, where several polypide-buds enter into relation with
ova, two or more ovicells may be produced in the same inter-
node (17, p. 166; pi. xii, fig. 13). It may further be sup-
posed that the failure to bring about the association between
the egg and the polypide-bud results in such abnormalities as
that shown in fig. 12 of my former paper, and that this or some
other cause, such as the failure to get fertilised, results in the
development of the empty ovicells which are so frequently
observed.

On decalcifying a number of ovicells, it is soon noticed that
many ovicells are either completely empty or are abnormally
developed. An ovicell, with complete tubular aperture, may
be absolutely devoid of any trace of primary or secondary
embryos. In some cases, these empty ovicells are probably
the result of degeneration which has set in after the comple-
tion of the process of development of free larvae. After the
escape of the last larvae, the remaining tissues of the ovicells
degenerate, and are gradually absorbed. Many of my sections
bear out this assertion.

In other cases, however, the degeneration takes place in
ovicells which have produced no larvse. Empty ovicells which
are near the growing-points are, probably, generally of this
character. It is easy to obtain evidence of the fact that, in
such cases, degeneration may set in at various periods—some-
times after the egg has developed to a considerable extent.
In some cases, this may be the result of the absence of fertili-
sation—a process of which I have vainly endeavoured to prove
the existence. That fertilisation does actually occur at some
period can hardly be doubted, considering the fact that normal
spermatozoa are developed in some colonies. In other cases,
the degeneration is probably due to the atrophy of the poly-
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pides in the zocecia contiguous to the ovicell. It is well
known that the thick calcareous ectocyst of the Cyclostomata
is perforated by pores. On decalcifying a colony, and stain-
ing what is left, it can be easily shown that all the zooecia are
in organic connection by means of the funicular tissue, which
passes through the pores from one zocecium to another, and
from the zooecia to the ovicell. It can hardly be doubted that
the nutriment at the expense of which the larvae develop is
provided by means of the protoplasmic network which thus
connects all the individuals of a colony. The ovum is ex-
tremely minute, although it gives rise to a massive primary
embryo; and this to numerous free larvae, each of which is
very many times larger than the original ovum. This rapid
growth—to say nothing of the development of an extensive
reticulum of funicular tissue in the ovicell itself—can only
depend on the existence of pores by which the ovicell is con-
nected with zocecia which possess functional polypides.

In fig. 2 the ovum is completely surrounded by the polypide-
budj whose tentacle-sheath has considerably increased in size ;
while in fig. 3 further alterations of importance have taken
place. The tentacle-sheath has grown very much larger; but,
so far as this structure and the invagination which forms the
aperture are concerned, the ovicell still resembles an ordinary
zooecium. The proximal part of the polypide-bud, which in
the younger ovicell was practically indistinguishable from
the corresponding structure in an ordinary ovicell, has now
become much modified. The egg is now completely sur-
rounded by i t ; and the polypide-bud has in fact transformed
itself into a round mass of cells which may be termed the
" follicle." The ovum lies partly surrounded by a cavity in
this follicle.

The fact that the distal endocyst is not in contact with the
ectocyst is probably due to shrinkage brought about during
decalcification. The side-walls of the zocecium are of course
calcified (c/. fig. 19), while the distal ectocyst forms an uncal-
cified membrane stretching across the mouth of the funnel
formed by the ovicell.

VOL. XXXIV, PAET III.—NEW SEE. P
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It is presumably at this stage that fertilisation takes place;
but I have in vain looked for any evidence of perforation in
the terminal membrane of the ovicell, or for traces of sperma-
tozoa inside the tentacle-sheath. This fact is not really sur-
prising when it is remembered that the finer details of the
highly calcined ovicell of Crisia can hardly be examined
except by means of sections; and that the spermatozoa are
very minute.

In fig. 5 the whole ovicell has considerably increased in
length. Its irregular form is of course due to shrinkage
caused by the action of reagents. The ectocyst is not repre-
sented in the figure. The ovicell was probably at about the
stage represented in fig. 21.

The valve (c/. pi. xii, fig. 10, of my former paper) is now
developed as a fold of the ectoderm on the back wall of the
ovicell. The aperture has no longer any obvious opening to
the exterior; and the tentacle-sheath has increased in size, its
walls having become very thin, except at its distal end, which
is considerably thickened.

The follicle is slightly larger than before, and its nuclei have
obviously increased in number. In place of the egg found in
the preceding stage, there are now three egg-like cells, which
are not in contact with one another; and which I regard as
blastomeres. Remains of the follicle-cavity are still present.

Although I have no direct evidence that the " blastomeres "
are really derived from the egg, their subsequent history leaves
room for little doubt on this point. The details of the forma-
tion of the primary embryo in Cris ia remind one strangely
of the early development of Salpa, as described by Salensky
(28). This is true not merely of the segmentation of the
ovum, but also of the later relations of the embryo to its
follicle. Salensky states, for instance, that the blastomeres of
Salpa may at first be entirely disconnected from one another
(I. c. pi. x, fig. 10; pi. xxii, figs. 3, 4).

In the next stages, of which I have numerous preparations,
but which I have not figured, the number of blastomeres gra-
dually increases. I have been unable to make out any regu-
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larity in the succession of the blastomeres, which are, in fact,
inextricably entangled among the follicle-cells. They are not
necessarily in contact with one another, but may be separated
from one another by ingrowths of the follicle-cells, so that in
most preparations it is almost impossible to count the number
of the blastomeres, or to distinguish all of them from the fol-
licle-cells. An excellent idea of the general relation of the
blastomeres to the follicle-cells (or nuclei) may be obtained by
referring to some of Salensky's figures of Sal pa, as his pi. x,
figs. 12, 13. The only difference that I can point out between
Crisia and Salpa, as regards the relation of the blastomeres
to the follicle-cells, is that in Crisia the follicle ia somewhat
larger relatively than in Salpa, and that the blastomeres
occupy only the central region of the follicle instead of filling
up most of that structure, as in Salpa. Remains of the
follicle-cavity may still be detected in some of these stages.

In fig. 6 (which is connected with fig. 5 by numerous pre-
parations, forming a perfectly continuous series, in my pos-
session) the tentacle-sheath has increased in size so much as
to fill up nearly the whole of the ovicell. The follicle has
largely increased in size, and now forms a sub-spherical knob,
projecting freely into the cavity of the tentacle-sheath. This
stage is a perfectly constant and easily recognised one.

The scattered blastomeres have at last come together to form
a small but compact embryo, in some of the nuclei of which
karyokinetic figures are discernible. There is no trace of the
differentiation of germ-layers in the embryo, which consists
simply of a small rounded mass of undifferentiated embryonic
cells, or rather of a continuous mass of protoplasm, containing
nuclei scattered through it without any attempt to arrange
themselves in definite layers.

At the distal end of the embryo is a clear part of the follicle
which contains small nuclei. This is apparently a constant
feature of the stages near this one; but I have not been able
to make out its significance.

Fig. 7 is not cut quite medianly, so that it does not show
that the attachment of the follicle to the tentacle-sheath is
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much the same as in the former figure. The tentacle-sheath
is, however, now becoming less definite. To the left of the
figure it is hardly distinguishable from the folliclej with which
it probably fuses.

The embryo is practically unaltered, except that it has come
to the surface of the follicle; but the principal difference
between this and the earlier stage concerns the follicle itself.
This structure no longer forms a compact mass of granular,
nucleated protoplasm, as in fig. 6; but it has become distinctly
vacuolated. This vacuolation is the beginning of the process
by which the follicle of earlier stages is transformed into the
protoplasmic reticulum of later stages.

Fig. 9 (PI. XXIII) well illustrates the manner in which this
transformation is effected. The tentacle-sheath is not so clear
as in the former stage, and can, indeed, hardly be distinguished
except at its upper end. "Whilst in earlier stages it filled up
most of the ovicell, it has now collapsed to a large extent.

The proximal portion of the follicle is in this ovicell still
solid, and is perfectly similar in structure to the solid follicle
of fig. 6. Distally the follicle is almost unrecognisable, having
become separated by enormous vacuoles into strands of anas-
tomosing, nucleated protoplasm. These strands are, however,
most unmistakably continuous with the proximal, solid portion
of the follicle. The embryo is practically unaltered, still
forming a small rounded mass of undifferentiated embryonic
tissue lying in a part of the reticulum.

The great increase in the size of the follicle and in the
number of its nuclei up to the stage shown in fig. 11 is pro-
bably connected with the development of a nutritive arrange-
ment for the young larvse. The minute egg-cell of fig. 1 gives
rise, as I believe, to the embryogenic organ of fig. 11, and this
to the numerous young larva? with which the mature ovicell is
crowded. These larvae lie in the meshes of the protoplasmic
reticulum, from which they are probably supplied with nutri-
tive material.

In figs. 6 and 9 the base of the ovicell has a very characteristic
structure, always noticed in young ovicells at certain stages,
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Next to the ectocyst comes a very definite nucleated layer,
which encloses a network of cells separated by smallish
vacuoles.

In later stages the outer definite layer of nuclei disappears,
and the network becomes continuous with the reticulum
formed by the modification of the follicle (fig. 11). The basal
network of cells is obviously part of the ordinary funicular
tissue, which, as has already been pointed out, forms a con-
tinuous connection from zooecium to zocecium, or from zocecium
to ovicell, through the pores in the calcareous septa between
neighbouring individuals. I t can hardly be doubted that the
rich protoplasmic reticulum in which the young larvae lie is
the means by which nutriment is conveyed to the developing
larvse.

Pig. 10 is a stage of which I obtained only one example,
and I cannot be sure that what is there represented is really a
normal process. This preparation indicates that a kind of
invagination takes places in the embryo at this stage (which is
certainly very near that shown in fig. 9). If this is really
correct, the inner layer of the primary embryo may possibly
be formed by a process of invagination, and the inner layer of
the secondary embryos is then probably derived from this
invaginated layer; but I make these suggestions with all
reserve.

Pig. 8 is interesting partly because it supports the view
advanced in my former paper (17) that the species there
described as C. ramosa is not identical with C. eburnea .
The figure is a longitudinal section of an ovicell of C.
eburuea ; and so far as the general development of the ovicell
goes, the age corresponds with the stage shown, for C.
ramosa, in fig. 6.

The tentacle-sheath is at its period of maximum develop-
ment ; but the relative sizes of follicle and embryo are widely
different from their relative sizes in C. ramosa. This
appears to be a constant difference between the two species.
In C. eburnea, the follicle is reduced to a minimum, and the
quantity of the protoplasmic reticulum of mature ovicells is,
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consequently, appreciably smaller than that in C. ramosa,
although in old ovicells of the latter species even, the quantity
of the protoplasmic reticulum may be considerably reduced,
by the development of the larvae at its expense. The primary
embryo, on the contrary, is relatively very large. It has
differentiated a distinct external layer of nuclei, which will
give rise to the external layer of the secondary embryos.
Throughout the development, the budding secondary embryo
of C. eburnea differs considerably from that of C. ramosa;
although the fundamental facts are the same in both species.

I have, unfortunately, no satisfactory sections of the ovicells
of other .species, which I found more difficult to obtain than
the two former species. It is necessary to have a large stock
of material in order to study the development; as it usually
happens that a very small proportion of the colonies found are
provided with ovicells.

The stages intermediate between figs. 9 and 11 have not
been figured ; but it is easy to describe their general develop-
ment. After the stage shown in fig. 9 (but not until then) the
embryo increases in size, and rapidly transforms itself into the
characteristic mass of embryonic cells from which the young
larvse are budded off.

The history of the ape r tu re of the ovicell has, so far, not
been considered in sufficient detail. Its commencement as an
invagination of the endocyst has been seen in fig. 3. When
the egg has begun to segment (fig. 5), the opening of the
invagination has closed. The distal end of the tentacle-sheath
is, however, now thickened; and the valve is commencing to
develop.

In fig. 8 (C. eburnea) , the valve is practically complete;
the distal thickening of the tentacle-sheath has increased, but
the invagination constituting the primary aperture has not
materially altered. The ovicell is completely calcified except
in the region of its aperture, which is beginning to grow out
into its tubular form. This part is covered merely by uncal-
cified ectocyst.

Fig. 12 represents a slightly earlier stage in C. ramosa.
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The primary aperture is still present; the distal thickening of
the tentacle-sheath being already distinct, and showing a dif-
ferentiation of an external epithelial layer, and a more inter-
nally placed mass of nucleated protoplasm.

It is very difficult to make out with certainty the later
history of the aperture. In stages previous to that at which
the solid follicle has its maximum size, the connection of the
primary aperture with the distal wall of the ovicell seems to
be completely lost in many cases. I t is perhaps the case that
the original invagination remains connected with the distal
wall of the ovicell by a thin cord of cells which is not easily
seen in sections—accounting for the apparent discontinuity
between endocyst and apertural invagination which is fre-
quently remarked ; and that, later, this cord shortens, bring-
ing the invagination once more nearer to the distal wall of the
ovicell, where its aperture once more opens out widely.

In fig. 13, representing the aperture of an ovicell in which
traces of vacuolation are beginning to appear in the follicle,
the primary aperture still opens to the exterior; although, in
accordance with what has just been said, its opening would
probably not have been discernible at a somewhat earlier
stage. The formation of the tubular definitive aperture has
progressed, and the valve is complete. The differentiation of
the thickened part of the tentacle-sheath into two kinds of
cells, alluded to in the description of the last figure, has
advanced a stage.

In fig. 9 the tubular aperture is practically complete. At its
end is seen an invagination which I regard as the remains of
the primary aperture, but which has now become disconnected
from the thickened part of the tentacle-sheath.

The history of the aperture is thus, according to what I
believe I have made out, as follows :—During the calcification
of the distal end of the ovicell, the primary aperture, which at
first opened in the middle of the mouth of the funnel, becomes
shifted nearer the " back " wall of the ovicell, into the position
where the tube of the ovicell is to be formed. The aperture is
thus not closed by the calcification of the ovicell, but finally
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disappears in the region of the permanently uncalcified part of
the ovicell; i.e. of the definitive aperture.

Pig. 14 illustrates a condition of the tube of the ovicell
which I have observed in one or two cases. The ectocyst is
drawn out into a long narrow tube, which was probably un-
calcified and which opens to the exterior. This recalls the
condition described in the zooecia of certain Cyclostomata, in
which the zooecium is closed by a (calcareous) lid, perforated
by a small central aperture.1 I am not prepared to state
whether or not this is a normal character of ovicells at any
particular stage, nor can I suggest any satisfactory explanation
of the meaning of the phenomenon.

The central mass of cells differentiated from the thickened
part of the tentacle-sheath in fig. 12 is destined to undergo
certain very important modifications. In fig. 16 (more highly
magnified than the previous figures, and belonging to the same
ovicell from which fig. 6 was drawn) some of the nuclei of the
central mass are growing larger. This is especially the case
in the neighbourhood of the lumen of the tentacle-sheath,
where there is a tendency for the nuclei to group themselves
in small numbers. In fig. 9 some of these multinucleated
masses of protoplasm are breaking off into the lumen of the
tentacle-sheath.

From this stage onwards the characteristic multinucleated
cells, which have been formed from the thickened distal part
of the tentacle-sheath, are a normal feature of the ovicell, being
found in the vacuoles of the protoplasmic reticulum in which
the young larvae lie. One of them is seen in fig. 11, and
others are shown, more highly magnified, in fig. 18 (PL XXIV).
In the latter figure the multinucleated cells contain nuclear
and other structures which are obviously degenerating; and
they are clearly not unlike the " giant-cells " which are known
to occur in certain tissues in Vertebrates.

The giant-cells make their appearance at just that stage
1 Cf. Mesentipora meandrina (Busk, No. 8, pi. xvii, fig. 2); Retiou-

lipora dorsalis (Waters, No. 36, pi. xvii, fig. 4); and other oases referred
to bj Waters.
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when the vacuolation of the follicle is commencing; and they
appear to be closely connected with the carrying out of this
process of vacuolatiou, although it is clear that the first small
vacuoles (cf. fig. 7) make their appearance independently of
the giant-cells.

At later stages each giant-cell is usually seen to lie in a
large, sharply-marked vacuole of the protoplasmic reticulum.
The cell may be apposed to one wall of the vacuole; or may,
apparently, lie quite freely within it. There is good reason to
believe that the vacuoles which are at first occupied by giant-
cells are later occupied by the young larva. Each embryo,
soon after its formation, comes to lie in a sharply-marked
vacuole in the protoplasmic reticulum. Taking into consider-
ation the facts (1) that the giant-cells are formed simul-
taneously with the appearance of large vacuoles in the follicle,
and (2) that they contain fragments of degenerating cells or
nuclei, it may be concluded that one of the functions of the
giant-cells is to excavate spaces in the follicle in which the
larvae can develop. These spaces are probably filled with some
albuminoid fluid, at the expense of which the embryos develop
—probably by diffusion through their tissues, as they have no
recognisable means of absorbing nutriment.

The function of the giant-cells would thus be closely similar
to that of the osteoclasts or myeloplaxes of bone " which ex-
cavate small shallow pits . . . . in the part which is under-
going absorption" (27, p. 104). Their structure, too, is in
accordance with the descriptions of various observers of the
multinucleated giant-cells, in Vertebrates.

In the mature ovicell the remains of the distal thickening
of the tentacle-sheath are always found as a dense mass of
nucleated protoplasm which is attached to the ectocyst, not in
the tubular aperture of the ovicell, but invariably at its base,
on the side which is further from the back of the ovicell (figs.
9 and 16). The valve constantly projects from the back of the
ovicell into the proximal part of this mass of cells in the
manner shown in figs. 9 and 16. It appears to me probable
that the function of the valve is to offer an obstacle to the
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escape of the immature larvae. Wheu mature, the larvae force
their way one by one through the solid mass of protoplasm
into the tubular aperture, and so escape to the exterior.

The tentacle-sheath is no longer easily distinguishable in
the mature ovicell. With the commencement of the vacuola-
tion of the follicle its distinctness vanishes, and it becomes
confounded with the vacuolated follicle. The relations shown
in figs. 9 and 17 probably indicate that the follicle ultimately
fills up the whole of the original tentacle-sheath, and that that
part of the ovicell which is not occupied by the protoplasmic
reticulum and its contents is the original body-cavity of the
ovicell.

The ovicells which are at their period of greatest activity can
readily be recognised in the liviDg condition by the pronounced
yellow colour of their contents. This is sufficiently distinct
to show clearly through the calcified wall of the ovicell.
Although the embryos and larvae are pale yellow, the colour
of the ovicell depends mainly on the pigment in the reticulum
which supports the embryos. In C. cornuta this is bright red-
orange in colour, while in C. ramosa the orange colour is not
quite so bright.

The oldest larvae, which are almost ready to escape, lie each
enclosed in a distinct vacuole of the reticulum, in close contact
with the thick mass of protoplasm which fills up the aperture
of the valve.

The production of embryos continues up to a very late stage,
but embryos are always developed only from the budding mass
of embryonic cells (primary embryo). The budding organ has,
however, a somewhat different appearance in old ovicells
from that which it first had, both the secondary embryos and
their nuclei being markedly smaller than in the younger
ovicells.

So far as my observations go, the whole of the budding
organ is ultimately used up in the production of embryos. In
ovicells which are nearly exhausted the embryos are few in
number, and the budding organ has been reduced to small
dimensions. Finally, the ovicell is found to consist merely of
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a protoplasmic reticulum, which may be richly developed, and
which no longer contains any embryos or larvae.

It must not, however, be assumed that all ovicells in this
condition have passed through an embryo-producing stage. I
have repeatedly obtained evidence to show that degeneration
of the ovicell may start at almost any stage in its development.
The external form of the ovicell may develop completely, even
if the embryo and its follicle are degenerating. It is common
to find an ovicell which, from its proximity to the growing-
point, should be a young one, but which appears completely
empty in sections. I can only assume in these cases that the
protoplasmic structures which the ovicell at first possessed have
been absorbed through the pores into the neighbouring zooecia.
In other cases the ovicell may contain remains of a degene-
rating follicle, the degeneration having clearly commenced
before the follicle became vacuolated. One may, therefore,
distinguish between a " primary" degeneration of the ovicell
occurring before any larvae have been produced, and a " secon-
dary" degeneration, which has taken place after the escape of
the last larva. It is sometimes possible to distinguish between
these two conditions by reason of the fact that the base of the
young ovicell is limited by a marked epithelial arrangement
of its enddcyst (cf. figs. 6 and 9).

I have so far avoided the use of the term " endoderm" as an
equivalent for the inner layer of cells of the secondary em-
bryos. This layer is excessively distinct in the embryos soon
after their liberation from the embryogenic mass of cells. It
then forms an epithelium, lying more or less close to the inner
surface of the ectoderm-cells, and completely surrounding the
whole internal cavity of the embryo (fig. 22).

In later stages the distinctness of the cavity becomes lost,
and its lining cells send off processes which grow across the
cavity and convert it into an irregular set of spaces. At the
sides of the sucker these spaces disappear altogether, while
between the sucker and the middle of the aboral pole the
cavity remains distinct for a time longer. Its cells become,
however, almost indistinguishable from the epithelium of the
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sucker on the one hand, and from the epithelium lining the
mantle-cavity on the other.

I formerly assumed (15, p. 455), on the authority of Ostrou-
moff's statements (25, pi. vi, fig. 1), that the cavity lined by
the inner cells represented the alimentary canal of the larva.
But, taking into account the manner in which the larvee are
developed, it appears to me doubtful whether any representa-
tive of the endoderm occurs in them. It appears to me to be
satisfactorily established that a young polypide-bud in any
Polyzoon is developed at the expense of two layers, viz. the
ectoderm and a layer of funicular tissue which may be re-
garded as mesoderm.1 The metamorphosis of the larva of
Cyclostomata has been described by Barrois (3) and by Ostrou-
moff (25). The observations of Barrois show that the pro-
cesses of fixation and of metamorphosis take place essentially
as in other Gymnolsemata. The larva fixes by the eversion of
its sucker, its mantle being rolled downwards so as to come into
contact with the flattened plate formed by the eversion of the
sucker, and the greater part of the larval tissues undergo a
process of histolysis. The larva thus enters into the condition
of a zooecium containing a " brown body," and the young poly-
pide is produced by an invagination of the body-wall from the
centre of the surface opposite to the basal surface. While the
inner layer of the bud is formed by an invagination of the
ectoderm, Barrois was unfortunately unable to trace the history
of its outer layer.

Ostroumoff is but little more definite on this point. The
inner layer of the bud is formed, according to this observer,
not as an invagination, but as a plate of cells split off from the
aboral ectoderm. The edges of this plate curve round, so as
to transform the plate iuto a sac, to the outer side of which
" mesenchym-cells " apply themselves, and form the outer
layer of the bud. The origin of these " mesenchym-cells " is
not traced. It is recognised that the " alimentary canal" of
the earlier stage disappears, but there is nothing to show how
its cells are related to the "mesenchym-cells" shown in

1 Cf. especially Seeliger, Nos. 32 and 33.
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OstroumofPs pi. vi, fig. 2, which, by the way, are unlike any
cells which I have ever seen in a Cyclostome larva.

Whatever be the origin of the outer layer of the bud which
which forms the primary polypide, it is quite clear that that
polypide is formed in fundamentally the same way as any other
polypide in the future colony. There can be no question of
the "alimentary canal" of the embryo passing over directly
into that of the primary zooecium.

In default of sufficient evidence on this point I am inclined
to regard the inner layer of the Cyclostome embryo as meso-
dermic rather than endodermic, and this principally on the
following grounds:

1. The alimentary canal is an excessively rudimentary struc-
ture in the great majority of known Ectoproct larvae.

2. The peculiar character of the early development of
Crisia suggests that a representative of this rudimentary
structure is likely to be found in the primary embryo only,
and that the secondary embryos, formed by budding from the
primary one, are no more likely to possess an alimentary canal
than is a young zooecium formed at the growing-point of an
old colony.

3. The analogy of other Ectoprocta is in favour of this hypo-
thesis.1

Prouho (26), for instance, has given an account (which I
cau confirm in the main from my own observations) of the
metamorphosis of P lus t r e l l a . Even before the end of larval
life, a distinct aboral mesodermic layer is present, from which
the outer layer of the bud is directly developed.

In the course of the budding of an ordinary Ectoproct
colony the polypide buds are formed from two distinct layers.
The inner layer of the bud is developed at the expense of the
ectoderm; the outer layer, either from an already definite
layer of mesoderm (Phylactolsemata), or from mesoderm-cells
of the funicular tissue which arrange themselves as an epithe-
lium round the outside of the ectodermic portion of the bud

1 'Cf. particularly the larva of the Phylactoleetnata, as described by Braem
,(5) and by Davenport (8A).
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(most Gymnolsemata; cf. especially Seeliger, No. 33). There
is no sufficient reason for supposing that a young zooecium
consists of anything but ectoderm and mesoderm. The Ecto-
proct larva may be considered morphologically as a young
zocecium containing a potential "brown body" (the remains
of the purely larval organs), and it is not unreasonable to
suppose that the structures found in the larva of the Cyclo-
stomata, developed as it is by a process of budding, are com-
parable with those which are found in a zooecium.

We arrive, therefore, at the provisional conclusion that the
inner layer of the Cyclostome embryo is more likely to repre-
sent the mesoderm than the endoderm of the larva.

There can be no doubt that, on the assumption that my
account of this process is in the main correct, the development
of Crisia takes place in a manner to which there are few
known parallels.

The most frequently quoted case of embryonic fission is that
of Lumbr icus trapezoides, in which, according to the
statements of Kleinenberg (20), the embryo normally divides
into two complete embryos at the gastrula-stage. In some
abnormal cases, however (1. c , p. 217), a single embryo is first
formed; and this gives rise to one or more embryos produced
as buds on the margin of its mouth. The segmentation of the
egg is described as being much less regular than in other species
of Lumbr icus , in which no embryonic fission takes place.

An equally striking case of the same kind had previously
been described by Busch (7), in Chrysaora . In only a few
cases does an egg develop into a single embryo. In the other
cases, the embryo gives rise to one or two buds, apparently at
the gastrula-stage; the buds becoming free larvse, and deve-
loping fresh buds. Not only does Busch claim to have
followed the whole process in an isolated individual, but he
states that each time that the water in which the young larvae
were kept was changed, two thirds or so of the embryos were
thrown away, and that this loss in number was compensated
for, by the next day, by the gemmiparous habit of the larvse
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(]. c , p. 28). This account is confirmed by Haeckel (14), who
observed the production, in three weeks, of 60—80 buds, from
ten isolated gastrulae of Chrysaora.

The process of larval fission or gemmation is known to be
even more remarkable in Aurel ia (Haeckel, 1. c ) . Not only
do the gastrulse multiply, in some cases, by budding or by
fission, but the same processes are known to occur in the
Scyphostoma stage; while numerous variations are recorded
in the character of the strobilation, in the multiplication of
the tentacles by incomplete fission or budding, and even in the
number of the highly characteristic tseniolse and in that of the
Ephyra-lobes.

The property of giving rise to fresh individuals, whether by
budding or by fission, has, in this case, become a normal
feature of the species j and the process takes place even at
very early periods of the development, just as is the case in
Crisia. The striking variability in the number of the radii
of the immature stages in Aurel ia may possibly be con-
nected with something in the constitution of the egg which
predisposes it to develop in an unusual way.

For since the cells which are destined to give rise to a single
individual are not normally separated off until a late stage,
which varies in different individuals, the existence of a ten-
dency to vary in the number of individuals produced from an
egg might also, in all probability, make itself felt in variations
in a different direction. If the gastrula contains in itself the
power to develop into several individuals, it is hardly surpris-
ing that it should in some cases develop an abnormal number
of radii.

Similar cases of larval budding have been recorded in other
Scyphomedusae. Thus G-oette (12), confirming an older ob-
servation of Sars (1841), shows that the formation of a stolon
may take place (presumably in Coty lorh iza tuberculata)
in the larva which has just fixed, but which is still without
tentacles. Ciliated buds are also given off from the Scypho-
stoma of Cotylorhiza , the buds fixing? and developing a
mouth after fixation.
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A method of reproduction similar to the last is recorded by
Bigelow (4) in Cassiopea xamachana .

In Oceania armata , Metschnikoff (24) characterises the
process of segmentation as a regular " Blastomerenanarchie "
(p. 38). The first two blastomeres almost separate from one
another; while, in some cases, when the very slight connection
which normally exists between them becomes ruptured, the
separated blastomeres atrophy. Oceania further distin-
guishes itself, at the eight-cell stage also/from other Medusae
investigated by Metschnikoff; the blastomeres, instead of
being arranged in an orderly manner, lying together " ganz
unregelmassig." This extraordinary irregularity (see Metsch-
nikoff's pi. ij figs. 33—35) is equally remarkable at later
stages, and ultimately gives rise to irregularly shaped masses
of cells ; the embryos often assuming a quite " abenteuerliche
Gestalt," due to the fact tha t they mul t ip ly by divi-
sion. Those embryos which do not divide form much larger
larvae than the others.

As a converse to this may be mentioned some most interest-
ing results arrived at by Driesch (9) and by Fiedler (10).
Driesch showed that by violent shaking of the water contain-
ing Echinus-eggs which had divided into two blastomeres,
or in other ways, the two cells could be isolated from one
another. Each segmented in the same way that it would have
followed if it had remained connected with its fellow, i. e it
developed into a half-embryo, right or left as the case might
be. The segmentation cavity, at first widely open, closed up
in course of time so as to form a blastophere, consisting (as
appeared from measuring the cells) of half the normal number
of cells, and be ing half the normal size. Three of these
embryos developed into complete Plutei, which differed from
normal ones only in size. In cases where the two original
blastomeres had been only partially separated, seventeen cases
were recorded in which the embryo distinctly consisted, at the
end of the first day, of two halves. In several cases each of
these embryos divided into two complete embryos, some of
which were shown to develop into small- normal Plutei. In
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another instance an injured two-cell embryo developed
apparently normally up to the end of the blastophere stage,
but finally divided into two; and in another case the injury
to the two-cell stage resulted in the formation of a double
monster.

In Crys ta l lodes (Siphonophora) the remarkable amoeboid
character of the superficial blastomeres suggested to Haeckel
(13) that the embryo, at the end of the second day, could be
compared to a colony of Amoebae, in consequence of the great
individuality of the separate blastomeres; and that, if this
comparison were correct, an isolated portion of the embryo
might be expected to have the power of further development.
The experiments made to test this hypothesis were completely
satisfactory. Embryos artificially divided at this stage de-
veloped into normal individuals of a smaller size than usual.
The cut surface became concave, the edges ultimately joining,
so that the embryo again became spherical, and then proceeded
to develop in its normal manner.

It is hardly possible to overlook the fact that, in some at
least of the above quoted cases, embryonic fission is specially
connected with deviation from the normal type of segmenta-
tion of the egg. This is most clearly seen in the case of
Oceania, where a superficial glance at Metschuikoff's figures is
sufficient to convince one of the extraordinarily abnormal cha-
racter of the segmentation. The same fact is, however, to
some extent true of Lumbr icus t r apezo ides and of Crys-
ta l lodes , where Kleinenberg and Haeckel respectively call
attention to remarkable features in the segmentation.

The segmentation of the egg of Cris ia obviously belongs to
an Unusual type, and, as has already been pointed out, it finds
its closest parallel in S alp a, an animal which is remarkable
for the great extent to which asexual reproduction is carried
out.

Dol iolum, whose life-history agrees with that of Sal pa in
including two remarkably different generations, offers a further
analogy to Cr is ia in the character of its asexual reproduction.
The stolon of the asexual generation segments off, according to

VOL. XXXIV, PAUT III.—NEW SEE. Q
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the description of Uljanin (35), a series of buds in which
there is a very small amount of differentiation. These " Ur-
knospen " consist of a layer of ectoderm surrounding a mass of
embryonic cells which are but slightly differentiated (1. c , pi.
x, fig. 3). These buds divide up into numerous similarly-
constituted buds, so that the sexual individual of Doliolum
takes its origin from a group of cells which is very similar to
the young " secondary embryos " of Crisia.

The same method of reproduction characterises the remark-
able Dolchinia, recently described by Korotneff (22). This
animal is closely allied to Doliolum, if, indeed, it should not
be placed in that genus. The only phase in its life-history
which is so far known is a gelatinous axis, bearing very nume-
rous Doliolum-like zooids, and which probably corresponds
to the dorsal process of Doliolum. The axis bears numerous
buds, wandering about on its surface by means of pseudo-
podia. The buds have probably been derived from the seg-
mentation of the ventral stolon of an asexual form. They
increase in number by division. Should one of the daughter-
buds fix itself on the base of a young zooid, it becomes a
bean-shaped body, which gives rise to a large number (as
many as forty^ of new buds. The young buds, at the stage at
which they become free, consist of a solid mass of cells in
which a very small amount of differentiation has taken place.

The formation of the secondary buds, as shown in Korot-
neff's pi. xiiij figs. 14, 15, has thus a striking resemblance to
the mode of development of the secondary embryos in Crisia;
neglecting the not unimportant difference that in the former
case the budding organ is itself a bud, and in the latter case
an embryo.

A similar process probably takes place in Anchinia (21);
and Uljanin (1. c , pp. 106—117) brings forward evidence to
show that the same is true of some of the compound Asci-
dians. The larva of Dis tap l ia magnilarva, for instance,
gives rise to structures comparable with the " Urknospen" of
Doliolum. Uljanin comes to the conclusion that the bud-
ding of adult Tunicates is derivable from a division of " very
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young developmental stages." A similar suggestion with
regard to the origin of alternation of generations among the
Hydromedusae has also been elaborated by Brooks (6), who
supposes that the hydroid stage has been evolved by the ac-
quirement of the power of budding by the fixed larval stage.

A slight modification of the " primary embryo " of Cr is ia
would suffice to make it necessary to consider the life-history
of that animal as a case of alternation of generations. But
since, as I believe, the budding structure consists of a mass of
embryonic cells, which ultimately becomes completely con-
verted into " secondary embryos," leaving nothing behind, I
have preferred not to describe it as a separate generation.

Enough has been said to show that in the Tunicata at least,
and to a less extent in the Coelenterata,1 there are remarkable
cases of the formation of buds from slightly differentiated
masses of cells. These two groups, with the Polyzoa, are
certainly the groups of animals in which budding in the adult
condition is a more normal event than in other groups of
animals.

It may thus be asserted that in the Polyzoa, the Tunicata,
and the Ccelenterata the asexual reproduction of certain forms
takes place at a stage before the individual which is reproduc-
ing asexually has had time to undergo more than the earliest
steps in its development. A similar precocious formation of
fresh individuals is well known in the reproduction of
Trematoda.2

The investigations of Driesch (9) and of Haeckel (13) have
shown that blastomeres which have been artificially separated
from the embryo are able, in some cases, to give rise to com-
plete larvae. The question suggests itself: Has the gemmi-

1 The case of Cunina, as described by Uljanin, Scbulze, Metschnikoff, and
Brooks, and more recently by 0. Maas ('Zoolog. Jahrbiicher,' "Abtli. f.
Anat. u. Ontog.," Bd. v, Heft 2,1892), is another remarkable instance of the
same kind.
, 2 Compare particularly the remarkable account given by Heckert (18) of

the life-history of Distoma macrostomum, and particularly the state-
ments referring to its remarkable branched sporocyst, known as Leuco-
chloridiuin paradoxuin.
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parous method of reproduction in the adults of the above-
mentioned groups been preceded by larval fission, possibly
induced by the separation from the embryo of individualised
blastomeres or groups of blastomeres, or is the embryonic
fission the result of the precocious acquirement of the budding
habit which characterises the adult? Now in the Polyzoa,
embryonic fission is by no means a common phenomenon,
although the adult3 of all known Polyzoa possess the power of
budding; and although it is probable that the method of re-
production above described in Crisia will be found to be
characteristic of all Cyclostomes. I have no sufficient evidence
on this point at present, but it may be pointed out that the
ovicells of Cyclostomatous Polyzoa invariably (so far as I know)
contain a large number of embryos. My own observations
enable me to state further that the general structure of the
ovicell in Idmonea serpens and in Diastopora pa t ina
agrees with that in Cr is ia ; and I have little doubt that I
shall be able to show that embryonic fission is characteristic of
Cyclostomes in general. The development of thePhylactolsemata
possibly offers some analogies to this process. The structure of
the larva is somewhat similar to that of Cyclostomes, and
the early development, according to the account given by
Jullien (19), is not unlike that of Crisia. Braem (5) has also
given an incomplete account of the development of Pluma-
tella, which suggests further resemblances to the Cyclosto-
mata. The two layers which form the wall of the embryo, and
which are considered by Braem to represent ectoderm and
body-cavity epithelium respectively,1 are obviously comparable
with the two layers shown in PI. XXIV, figs. 22 and 23, of
Crisia. The manner in which (in P lumate l la ) a rudi-
mentary bud encloses the egg, forming the " ocecium," is again
strikingly suggestive of Crisia.2 The first stage in which the

1 The same conclusion is arrived at by Davenport (8A), whose valuable
paper should be consulted for a comparison of the larva of Phylactolsemata
with that of Gymnolsmata.

* Compare in particular the woodcut given by Braem in his explanation to
fig. 171.
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egg is completely enclosed is shown in Braem's pi. xv, fig. 171,
while in fig. 172 the "ocecium" has differentiated off a distal
portion which may be the exact equivalent of the " tentacle-
sheath " shown in my own fig. 3 for Crisia . The tendency
to precocious fission shows itself in Phylactolremata, how-
ever, in the precocious formation of a considerable number
of polypides, particularly in Cr i s t a te l l a ;—a process which
is of course very different from the embryonic fission of
Crisia.

The ovicells of the Cheilostomata are probably not homo-
logous with those of Cyclostomata. They are probably not to
be regarded as modified zooecia, since the ovicell is an appen-
dage of a fertile zooecium, and ordinarily contains a single
embryo.

Similarly in the other groups which have been mentioned
precocious fission is not characteristic of the whole group, but
occurs sporadically ;—in Ccelenterata, in Oceania, Cunina,
&c.; in Trematoda, in the Distomese; and in Tunicata in the
Thaliacea, and in some Synascidians.

Although I must regard the question as a very open one,
the conclusion which appears to me to be suggested by the above
facts is that one is not justified in assuming that the budding
of the Polyzoa, for instance, commenced with the acquirement
of a habit of embryonic fission like that found in Crisia, but
that the embryonic fission may be the consequence of the pre-
viously acquired power of adult budding. It may be pointed
out that the embryonic fission of Crisia gives rise to numerous
larvae, each of which may form the starting-point of a new
colony. In the case of adult Polyzoa, the result of budding
is tiaerely to increase the number of individuals in a colony,
with the exception of Loxosoma (in which the bud normally
becomes free) and of certain dendritic forms of colony, in
which the decay of the proximal part of the colony leads to
the separation as distinct colonies of what were at first merely
branches, or of cases like that of Crisia itself, where new
colonies are formed by the upgrowth of new stems from a
creeping rootlet, which acts as a stolon for the production of
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new colonies.1 It should be further noted that the production
of new polypides in old zooecia is one of the most characteristic
ways in which the property of budding manifests itself in
Ectoprocta, and that this process is most easily interpreted as
a process of regeneration of lost parts.

The provisional conclusion may therefore be stated as
follows:—That the process of embryonic fission, which may
appear abnormally in certain individuals in so many groups of
animals which do not multiply by fission, has in Crisia become
a normal phenomenon of the development; and that this pro-
cess is correlated with the tendency which is so strongly
marked in the Polyzoa to produce buds in the adult condition.

Giard (11) has recently published a note on what he terms
" pcecilogonie," i. e. the phenomenon exhibited by certain ani-
mals of developing in a more or less "condensed" manner, in
correlation with the amount of nutritive reserves in the egg,
or with the conditions under which the parent is living. As
examples of this process are mentioned, i n t e r alia, the follow-
ing cases :—In Leptocl inum lacazii, Gd., the same colony
may produce two sorts of eggs ; of these, one is poor in yolk,
and gives rise to small larvae, whose tail is absorbed early, and
which do not begin to bud even on the third day. The other
kind is rich in yolk, and produces larvae which are still free-
swimming on the fourth day, and which then already contain
a colony of three individuals. Ophio thr ix fragilis, Mull.,
lays eggs which develop, according to the conditions, either
into perfect or into imperfect Plutei, or into embryos incapable
of swimming, and which develop directly. The remarkable
variations in the development of Aurel ia aur i t a and of
Palaemonetesvarians are also included in this category; in
the latter form the size and number of the eggs, as well as the
rapidity of the metamorphoses, varying according as the animal
lives in the brackish waters of the North or in the fresh-water
lakes of the South.

Giard's observations suggest that the acquirement of em-

The statoblasts of the Phylactolffimata are indeed a further exception
since each of these bodies is able to give rise to a new colony.
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bryonic fission in Cyclostomes may have been connected with
the presence of the nutritive conditions which are suited to
induce the precocious formation of buds. Nothing can be
more striking than the obvious continuity of protoplasm
between the several units of the colony in a decalcified branch
ofCrisia. In the individuals which are modified as ovicells
the protoplasmic network is particularly well developed. The
embryo is thus surrounded by a rich nutritive material; and
just as the presence of a nutritive placenta in a Placental
Mammal has resulted in the diminution of the size of the
ovum, and in various abnormalities in its early segmentation,
so in Crisia the size of the egg is reduced to a minimum, the
whole of the nutritive substance being retained in the parental
tissues and handed on to the egg or embryos as required, while
the segmentation is entirely abnormal. Further, while the
Mammalian embryo becomes easily comparable with that of
any other Vertebrate embryo after a certain number of the
early stages have been passed through, so the Crisia larva
becomes, to some extent at least, comparable with the free
larva of any other Polyzoon, although with this difference from
other Polyzoa, viz. that the primary embryo has given rise to
numerous larvae, a process comparable with the. artificial pro-
duction of a complete embryo from a single blastomere of the
two-cell stage in the experiments of Driesch (9) and of Fied-
ler (10).

Attention has already been called to the similarity between
the early stages of the development in Crisia and those in
Salpa. The latter is another example of the modification of
the first processes in the development, associated with the
presence of special maternal nutritive arrangements. The
embryo of Salpa develops, as is well known, in close connec-
tion with a kind of placenta; and its early stages are, compared
with those of most other animals, highly abnormal. The
formation of buds from the individual developed from the egg
does not take place at once, as in Crisia, but is deferred until
the animal is mature, when buds are produced in very large
numbers from the stolon.
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Similarly the egg of Pyrosoma, like that of Salpa, makes
its appearance in the same precocious manner as that of Crisia,
being formed very early from the so-called "genital string" (Sa-
lensky, 29). The early development, which is modified by the
presence of yolk, takes place in the interior of the old colony,
and is very abnormal, the blastomeres being for a time com-
pletely separated from one another (Salensky, p. 443). The
result of the development is the formation of the well-known
" Cyathozooid," with its colony of four " Ascidiozooids," the
formation of which is compared by Salensky (30, p. 92) with
the embryonic fusion of Lumbr icus t rapezoides. The for-
mation of a stolon (represented by the chain of four Ascidio-
zooids) in the Pyrosoma-embryo is further regarded as the
precocious acquirement by the embryo of the power of bud-
ding already possessed by the Synascidians.

Pe r ipa tus 1 is well known to be viviparous, and the extra-
ordinary character of the segmentation of its ovum may have
some relation to the presence of external sources of nutriment.

The cases already quoted may be taken as showing that
some of the abnormalities in the development of Crisia may
be due to the nutritive conditions in which the development
takes place. Just as the presence of food-yolk within the egg
modifies the character of the segmentation and of the forma-
tion of the layers, so the presence of copious stores of nutrient
material in the maternal tissues outside the egg may also affect
the early developmental processes. Thus the large number of
relatively large larvae which develop from the minute egg of a
Crisia could not be produced if the egg were not supplied
with nutriment from outside itself. While some of the irregu-
larity in the segmentation of the egg may be due to this cause,
the extreme independence of the blastomeres at an early stage
may be connected with the acquirement by the embryo of a
habit of forming buds in the embryonic condition.

1 See Sedgwick, No. 31.



EMBRYONIC! FISSION IN CYOLOSTOMATOUS POL^ZOA. 237

REFERENCES.

1. BARROIS, J.—' Eecherches sur l'Embryol. des Brjozoaires,1 Lille, 1877.
2. BARHOIS, J.—"Embryogenie des Bryozoaires, Essaie d'une th6orie

ge'ne'rale du devel.," &c, ' Journ. de l'Anat. et de la Physiol.,' xviii,
1883,140.

3. BARROIS, J.—" Me'm. sur la Metamorphose de quelques Bryozoaires,"
' Ann. Sci. Nat.,' ' Zool.,' 7" se>., i, 1886, Art. No. 1.

4. BIGELOW, R. P.—" On Reproduction by Budding in the Discomedusse,"
• Johns Hopkins Univ. Circulars,' xi, No. 97,1892, 71.

5. BBAEM, F.—" Untersuchungen iib. d. Bryozoen d. siissen Wassers,"
Leuckart and Chun's 'Bibliotheea Zoologica,' Heft 6, 1890.

6. BBOOKS, W. K.—"The Life-History of the Hydromedusae," 'Mem.
Boston Soc. Nat. Hist.,' iii, 1886.

7. BUSCH, W.—'Beob. iiber Anat. u. Entwick. einiger wirbellosen See-
thiere,' Berlin, 1851.

8. BUSK, G.—' Monogr. of the Fossil Polyzoa of the Crag,' Palffiont. Soc,
1859.

8A. DAVENPORT, C. B.—" Obs. on Budding in Paludicella and some other
Bryozoa," 'Bull. Mus. Comp. Zool. Harvard Coll.,' xxii, No. 1, 1891.

9. DRIESCH, H.—"Entwicklungsmechanische Studien," ' Zeits. f. wiss.
Zool.,' liii, 1892,160.

10. FIEDLER, K.—" Entwicklungsmechanische Stud, an Echinodermeneiern,"
'Festschrift zur Feier d. fiinfzigiahrigen Doctor-Jubilaums des . . . .
Dr. K.W. von Niigeli, &c.,' Zurich, 1891.

1%. GIARD, A.—"Sur le bourgeounement des larves d'Astellinm spongi-
forme Gd. et sur la Pcecilogonie chez les Ascidies compos6es,"
'Comptes Rendus,' Fe>., 1891.

18. GOETTE, A.—'Entwickelungsgesch. d. Aurelia aurita u. Cotylorhiza
tuberculata,' Hamburg and Leipzig, 1887.

18. HAECKEL, E.—"Zur Entw. d. Siphonophoren," 'Naturk. Verb.
Utrechtsch Genootschap,' 1869.

14. HAECKEL, E,—' Metagenesis und Hypogenesis von Aurelia aurita,' Jena,
1881.

15. HARMER, S. F.—"Sur I'embryog6nie des Bryozoaires Ectoproctes,"
' Arch. Zool. Exp. et Ge"n.,' 2 s6r., v, 1887, 443.

16. HARMER, S. F.—"On the Origin of the Embryos in the Ovicells of
Cyclostomatous Polyzoa," ' Proc. Cambridge Phil. Soc.,' vii, part 2,
1890, 48.



238 SIDNEY P. HARMER.

17. HABMEB, S. F.—" On the British Species of Crisia," ' Quart. Journ.
Mier. Sei.,' xxxii, 1891, 134, &c.

18. HECKEKT, G. A.—" Unt. iib. d. Entwicklungs- und Lebensgeschiehte d.
Distomum macrostomum," Leuckart and Chun's ' Bibliotheca Zoolo-
gica,' Heft. 4, Cassel, 1889.

19. JULLIEN, J.—" Observations sur la Cristatella mucedo," 'Me"m. Soc. Zool.
Trance,' iii, 1820, 361.

20. KLEINENBEBG, N.—" The Development of the Earthworm, Luinbricus
trapezoides," ' Quart. Jonrn. Micr. Sci..' xix, 1879, 206.

21. KOBOTNEFF, A.—"Die Knospnng d. Ancbinien," 'Zeits. f. wiss. Zool.,'
xl, 1884, 50.

22. KOBOTNEFF, A.—"La Dolchinia mirabilis (nouveanTunicier)," 'Mitt.
Zool. Stat. Neapel.,' x, Heft. 2,1891,187.

23. METSCHNIKOFF, E.—" Vergleichend-embryologische Studien," ' Zeits. f.
wiss. Zool.,' xxxvii, 1882, 286.

24. METSCHNIKOFF, E.—" Embryolog. Stud, au Medusen," Wien, 1886.
25. OSTKODMOFF, 0.—" Zur Entwickelungsgesehichte der cyclostomen See-

bryozoen," ' Mitt. a. d. Zool. Stat. zu Neapel, vii, 1887,177.
26. PEOUHO, H.—" Recherolres sur la Larve de laFlustrella hispida," ' Arch.

Zool. Exp. and Ge"n.,' 2 se"r., viii, 1890, 409.
27. RUFFEK, M. A.—"Immunity against Microbes," 'Quart. Journ. Micr.

Sci.,' xxxii, 1891, 99 and 417.
28. SAXENSKY, W.—" Neue Untersuch. iib. d. embryonale Entwicklung der

Salpen," 'Mitt. Zool. Station zu Neapel,' iv, 1883, 90 and 327.
29. SALENSKY, W.—"Beit, zur Embryonalentwicklung der Pyrosomen,"

1 Zoolog. Jahrbiicher,' ' Abth. f. Anat. u. Ontog.,' iv, 1891, 424.
SO. SALENSKY, W.—Ibid., continued, ' Zoolog. Jahrb.,' ' Abth. f. Anat. u.

Ontog.,' v, Heft. 1,1891, 1.
31. SEDGWICK, A.—"The Development of Peripatus capensis," Parti ,

'Quart. Journ. Micr. Sci.,' xxv, 1885, 449.
32. SEELIGEB, 0.—" Die ungeschlechtl. Vermehrung d. Endoprokten Bryo-

zoen," 'Zeits. f. wiss. Zool.,' xlix, 1889,168.
33. SEELIGEE, 0.—"Bemerkungen zur Knospenentw. d. Bryozoen," ibid., 1,

1890, 562.
34. SMITT, F. A.—" Om Hafs-Bryozoernas utveckl. och fettkroppar," ' Ofvers.

af K. Vet.-Akad. Forhandl.,' 1865, No. 1.

35. ULJANIN, B.—"Die Arten d. Gattung Doliolum, &c," 'Fauna and
Flora G. v. Neapel,' x. Monog., 1884.

36. WATERS, A. W.—"Closure of the Cyclostomatous Bryozoa," 'Linn.
Soc. Journ.,' " Zool.," xvii, 1884, 400.



EMBRYONIC FISSION IN OYOLOSTOMATOCJS POLYZOA. 2 3 9

I t hardly falls within the province of this paper to discuss
the details of the normal budding in Polyzoa. Both Braem
(5) and Davenport (8A) have shown that polypide-buds in
general are derived from a mass of "embryonic" tissue, handed
down from the beginning of the formation of the colony,
Some part of this tissue being left over for the production of
fresh buds on each occasion when a polypide-bud is formed.
Braem's account of the formation of the statoblasts in Phylac-
tolsemata more nearly resembles the development of the
"secondary embryos" in Crisia than any other process as yet
described in Polyzoa. The funiculus is, indeed, not an em-
bryo ; but the young statoblasts are formed from it in much
the same way as that in which the larvse are developed from
the "primary embryo" in Crisia. The funicnlus consists of
a core of ectoderm surrounded by a sheath of mesoderm (both
kinds of cells having an " embryonic" character). The stato-
blasts are formed by a process which is to all intents and
purposes a transverse segmentation of the funiculus.

EXPLANATION OF PLATES XXII, XXIII, & XXIV,

Illustrating Mr. Sidney F. Harmer's paper " On the Occur-
rence of Embryonic Fission in Cyclostomatous Polyzoa."

PLATE XXII.

FIG. 1.—C. eburnea. Median longitudinal section through a young
ovicell, showing the egg, which is already partially surrounded by the polypide-
bud (Zeiss, DD).

FIG. 2.—C. ramosa. Part of a similar section at a more advanced age,
showing the complete inclusion of the ovum (Zeiss, DD).

FIG. 3.—C. ramosa. Similar section at an older stage. The polypide-bud
has become the " follicle." The tentacle-sheath and the aperture are well
developed. Ovicell at the " funnel-stage " (Zeiss, DD).
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FIG. 4.—C. eburnea. Spermatozoa. To the right, three mature sperma-
tozoa, drawn in the living condition (Zeiss, F)'; to the left, three stages in the
development of the spermatozoa, treated with osmic acid and picro-carminc
(Zeiss, F); in the middle, four immature groups consisting of four spermatozoa
each, killed with osmic vapour (Zeiss, -fg immersion, 4 oc).

FIGS. 5—7.—C. ramosa (Zeiss, DD).
Fig. 5. (Combined from several sections of the same ovicell.) The egg

has divided into three blastomeres; the valve is developing, and the
distal end of the tentacle-sheath has become thickened.

Fig. 6. Proximal end of a longitudinal section (more advanced). The
embryo consists of a compact rounded mass lying in a large follicle,
which projects freely into the tentacle-sheath.

Fig. 7. A similar preparation at a stage when the vacuolation of the
follicle is commencing.

PLATE XXIII.

FIG. 8.—C. eburnea. Ovicell at a stage corresponding to Fig. 6 in C.
ramosa. The embryo is larger and the follicle is much smaller than in that
species (Zeiss, DD).

FIGS. 9—14.—C. ramosa (Zeiss, D D).
Fig. 9. The vacuolation of the follicle is nearly complete. The tubular

aperture is formed, and the structures conuected with its base are well

Fig. 10. Invagination (P) in a " primary embryo," at about the same
stage as Fig. 9.

Fig. 11. Considerably later stage. The follicle has become a dense
protoplasmic retieulum.'containing the massive " primary embryo," now
transformed into a budding organ, which is giving rise to numerous
secondary embryos, three of which are seen lying freely in the reticu-
lum. At the upper end a giant-cell, derived from the thickened distal
end of the tentacle-sheath (cf. Figs. 5, 13 and 9).

Figs. 12—14. Illustrating the development of the aperture of the ovi-
cell. In Fig. 12, the primary aperture still remains open, the distal
end of the tentacle-sheath being thickened. In Fig. 13, the tubular
aperture of the adult ovicell is developing; it contains the remains of
the primary aperture. The thickening of the distal end of the tentacle-
sheath has increased in size, and the valve is well developed. In Fig.
14, the tubular aperture is almost complete. The thickening of the
tentacle-sheath still extends into its base. At its distal end a de-
pression occurs, which is possibly the remains of the primary aperture.
The tube ends in a cap prolonged into a narrow tube, of unknown
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PLATE XXIV.

FIG. 15.—C. eburnea. A young internode decalcified, with a developing
ovicell. For explanation of the letters (A, B and c) see p. 005 (Zeiss, A).

PIGS. 16—23.—C. ramosa.
Fig. 16. The aperture of the same ovicell from which Fig. 6 was taken.

The origin of the giant-cells from the thickened distal end of the
tentacle-sheath is shown (Zeiss, F).

Fig. 17. Longitudinal section of an ovicell which is filled with secondary
embryos. To the left, the primary embryo (Zeiss, A).

Fig. 18. Protoplasmic reticulum with giant-cells, from ail ovicell at about
the stage of Fig. 11 (Zeiss, F).

Figs. 19—21. Development of ovicell (Zeiss, A). The ovicell has in each
case been numbered 4, in order to admit of ready comparison between
the three stages.

Fig. 22. Young secondary embryo, in longitudinal section (Zeiss, F).
Fig. 23. Older embryo, in longitudinal section (Zeiss, F).
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