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I HAVE formerly had occasion to describe certain very re-
markable phenomena in the development of Cr is ia (6), and I
then ventured to suggest that embryonic fission would be found
to be characteristic of the whole group of Cyclostomatous
Polyzoa. The development of Cris ia being, to the best of my
belief, without an exact parallel in the entire animal kingdom,
it was important to test my former results by the study of some
other Cyclostome. A chance discovery of large numbers of the
colonies of L ichenopora ve r ruca r ia , Fabr., in all stages of
development, enabled me not only to confirm the main fact of
the occurrence of embryonic fission, but to discover certain
previously unsuspected phenomena in the life-history of that
species. An abstract of my results has been communicated to
the Royal Society (8).

It would not be easy to find two genera of Cyclostomata
which are more unlike than Cris ia and Lichenopora ;
and the occurrence of a fundamentally similar mode of develop-
ment in the two forms may be taken as giving good reason to
believe that we are really dealing with a normal characteristic
of the group. Cr is ia is an erect, branching form, whose
calcareous branches are interrupted at intervals by chitinous
joints. Development here takes place in the interior of a
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pear-shaped ovicell, which replaces a zocecium at a greater or
smaller distance from a joint, according to the species. Lichen-
opora, on the contrary, is a plano-convex disc, usually
closely attached by its flat surface to some foreign object; its
zocecia project from its upper side, and between them is a
calcareous lamina or " crust," which forms the roof of a large
compound ovicell. The development of this ovicell commences
with the early stages in the growth of the colony. Whilst a
Crisia-colony may produce a profusion of ovicells at the
breeding season, or may be entirely devoid of these structures,
the ovicell of L ichenopora is a single, complicated struc-
ture, whose growth is intimately connected with the develop-
ment of the external features of the colony. In dealing with
this question I am obliged to limit myself to L. ve r ruca r i a ,
the only species of which I have obtained an ample supply of
material. It may, however, be pointed out that, if this species
does not materially differ from other species of the same genus,
it is the character of the ovicell which has been taken as the
distinguishing feature of the genus or even of the family to
which it belongs.

According to Hincks (9, p. 471) the zooecia of the Licheno-
poridae are " disposed in more or less distinct series, which
radiate from a free central area." The area here referred to is,
in L. verrucar ia , the roof of the ovicell, and the definition
applies only to moderately advanced colonies (PI. 7, fig. 7),
in which the ovicell possesses a calcareous roof. But when
development has reached a certain stage, every colony possesses
an ovicell, and this is in marked contrast to most of the
Cyclostomata, in which ovicells are not present in a very large
proportion of the colonies which may be examined.

A still more noteworthy feature remains to be pointed out.
The internal processes which precede the external appearance
of the ovicell commence almost with the beginning of colonial
life. The individual formed by the metamorphosis of the free
larva gives rise, almost at the same time, to two new zocecia.
One of these two commonly becomes fertile, and forms the
starting-point of the series of stages by which the ovicell
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becomes stocked with numerous larvae. The other zooecia of
the colony remain, for the most part, unfertile, although many
of them produce spermatozoa. It is clear that they have the
function, not only of feeding themselves, but also of providing
nutritive material at the expense of which the ovicell and its
brood of larvse may develop. The restriction of the female
reproductive function to a single individual, or at least to a
very small number of individuals of the colony, is by no means
in accordance with what is known of other colonial animals.
The remarkable nature of the phenomenon will be most clearly
realised when it is understood that the fertile zocecium is
usually on© of the two " blastozoites," which are first formed
by budding from the " oozoite." 1

My material was collected in Norway at Lervik, in Stordd,
and at Godosund, off the north coast of Tysnaeso, during the
end of June and the beginning of July. At that time of the
year there is no difficulty in collecting an indefinite number of
colonies from the earliest stages immediately after metamor-
phosis to the fully developed condition. The entire colonies
were preserved for the most part in corrosive sublimate, to
which, in some cases, a few drops of nitric acid and of acetic
acid were added. The internal details were studied prin-
cipally from sections, which were prepared for me by my wife,
but to some extent in entire colonies stained without decal-
cification. The external features were investigated in dry
mounts and in Canada-balsam preparations, whether stained
or unstained.

Owing to its discoidal or flattened form, the colony will
obviously tend to rest on one of its flattened surfaces when it
is mounted. In order to examine certain features which can
only be made out when the colony is looked at edgeways, it is
necessary to make some special arrangement. This has been
successfully accomplished by folding a piece of black paper into

1 These terms, first introduced by Lacaze-Duthiers, have been appro-
priately employed by Prouho (18) in describing the colonies of Polyzoa. The
oozoite is the individual developed from an egg, i. e. the metamorphosed
larva or primary zocecium of the colony. The blastozoite is an individual
which has been formed as a bud.
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a series of ridges whose cross section has the form of MM. The
Lichenopora is then mounted (dry) on the slopes of the
ridges ; and this allows of the examination of one edge of the
colony. An improvement on this method, whereby each
colony could be examined in a series of positions, was effected
by taking a short length (about 18 mm.) of brass tubing,
through the axis of which a long needle was passed, the
interval between the needle and the tubing being then filled
up with sealing-wax. The outer surface of the brass was
covered with black paper, on which numerous colonies were
mounted. The needle, to which a suitable head is attached,
serves as an axis permitting the revolution of the brass cylinder
under the microscope.

The largest colony, among my preparations, has a maximum
diameter of 5*47 mm. The older colonies are invariably
altered in appearance by the occurrence of secondary thicken-
ings of the surface.

Literature.—A large number of descriptions and figures
of the ovicells of Cyclostomata are scattered through the litera-
ture of the Polyzoa, and some of these are alluded to below.
The only paper which needs special notice here is the second
of Smitt's admirable series of memoirs dealing with the Scan-
dinavian Polyzoa (20). Sinitt has thoroughly understood the
general growth of the colony, and to a large extent that of the
ovicell of L, ve r ruca r ia , the particular species we are con-
sidering. But as Smittwas not concerned with the embryonic
development, he paid no attention to the earliest processes in
the formation of the ovicell. As, moreover, I cannot agree
with all the statements of this observer, a complete account of
the development of the entire colony must be given. In further
justification of this course, I may mention that although it is
perfectly obvious to any one who has made an independent
study of L. v e r r u c a r i a that Srnitt had grasped many of the
important facts, the figures which he has given are insufficient
to explain his meaning to anyone who is not well acquainted
with the species.
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Smitt has described correctly the general growth of the
colony, and he has clearly appreciated the arrangement of the
alveoli (see below) or interstitial spaces. He has the merit
of having pointed out that these structures give rise to the
ovicell, and he calls attention to the important fact that they
do not reach the basal lamina of the colony. He has further
stated quite correctly that the central area of the colony, which
is at the same time an important part of the ovicell, owes its
character as a space devoid of zooecia to the fact that the area
originates by the divergence from one another of the most
centrally placed zooecia. Smitt has also given some account
of the secondary thickening of the colony.

The size of the largest colonies (exceeding 8 mm.) recorded
by Smitt is soraewhat greater than that of the largest colonies
I have found. I have not been able to discover any colony in
which the Ovicell had as many trumpet-shaped openings (one to
eight) as are described by Smitt. I do not think that so large a
number would ever occur in a young colony, in which the
number seems to be invariably one or two, and in this respect
I find myself in agreement with Levinsen (12, p. 28) ; but I
think that it is perfectly possible that a larger number of
openings are developed in colonies in which a considerable
number of primary embryos (cf. p. 133) are formed as a second
generation. I have obtained no actual evidence that this is
the case, and I have some reason for believing that the larvse
of the second generation make use of the old apertures of the
ovicells. Ridley has suggested (19, p. 452) that Smitt has
mistaken zooecia in which incomplete transverse septa have
been developed for the apertures of ovicells.

I do not think that Smitt is right when he describes (p. 478)
the secondary thickening by the formation of the so-called
" cancelli" (cf. my figs. 8 and 9) as giving rise to two or three
ovicells, arranged in superposed layers. I do not believe that
there is ever more than a single space which is occupied by
embryos, although that space can fuse with other spaces by the
absorption of the calcareous septa which are at first present.

Smitt describes (p. 476) the first septum formed in the young
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colony at the outset of its growth as bending to the left. He
appears to have missed the curious fact that the growth is
to the left in some colonies, and to the right in others. He has,
I think, not quite appreciated the way in which the proximal
part of the colony becomes covered by the growing edge. His
fig. 7 (pi. x) omits an essential part of the arrangement,—that
is to say, the actual growing edge shown in my own figs. 3—5.

Smitt describes the colour of the ovicell as inclining to blue
(" till fargen dragande at blatt " ) . I suspect that this was due
to the use of a glass which was not quite achromatic. The
ovicell is, according to my observations, perfectly white.
Finally, I must call attention to the small, scattered tubes
with an even, round mouth which Smitt describes as some-
times occurring in the colony. These he compares with the
small tubes of D ias topora hya l ina (= D. obelia, Johnst.),
and suggests that they may have something to do with the
production of the male generative organs. This suggestion is
clearly wrong, since the testes are developed inside ordinary
zooecia. I have not observed these small tubes as a part of the
Lichenopora , but I think it possible that Smitt may be
referring to the Infusorian Fo l l i cu l ina , whose tubes are
commonly found growing on the L ichenopora .

External Features of the Colony.—Fig. 7 represents a ma-
ture specimen, with a diameter of l -92 mm., in which secondary
thickenings have hardly commenced. The colony is nearly
circular, and it is surrounded by the delicate calcareous
" basal lamina," which in this particular case is upturned,
although more usually it is closely adnate to the seaweed.
The arrangement of the zooecia may be understood by ima-
gining a number of the quills of quill pens to be arranged
in an obliquely vertical position, radiating from a common
centre. Those near the centre will approach the vertical
position, while those nearer the margin are more nearly
horizontal. I t must further be supposed that the nib of
each pen is uppermost, or nearer the centre, so that the orifice
of the tube is completely concealed when the colony is looked
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at from above, except in those individuals which stand nearly
vertically. The cylindrical zocecium is, in fact, obliquely cut
off in the way which has been indicated by the above com-
parison, and this will be better understood by referring to
fig. 6. The " nib " of the zooecium is commonly in the form
of a single spike, but it may be split, so that two, three, or
even more spikes occur. These are very delicate structures in
young zocecia, but they are readily broken off, or lost in other
ways, in old zooacia. In young colonies the zooecia usually
possess more than one spike each. At the growing margins of
old specimens the occurrence of a single spike is much more
common—if, indeed, it is not the rule.

Between the more centrally placed zocecia stretches a calca-
reous lamina (fig. 7)—the roof of the ovicell. This lamina is
not even, but is obviously composed of a number of convex
portions, separated from one another by shallow grooves. The
ovicell opens to the exterior by means of a trumpet-shaped
aperture, within whose expanded mouth is a straight edge,
turned towards the centre of the colony. The section of the
trumpet is at this level semicircular. The straight edge cor-
responds to the level at which the trumpet springs from the
roof of the ovicell. On the opposite side, however, the wall
of the trumpet is longer, so that it becomes continuous with
the roof of the ovicell at a somewhat lower level. Its passage
into the roof is at the same time more gradual and less angular
than on the side which faces the centre of the colony.

This arrangement of the aperture of the ovicell may be
regarded as characteristic of L. ver rucar ia . The straight
edge may correspond with the valve which I have described
(5) in the ovicell of Cris ia3 and its function may be to restrain
the too rapid birth of the larvae.

The early stages in the growth of a Cyclostome colony have
been well described by Barrois (2 and 3), and my results agree
with his so far as the general character of the growth is con-
cerned. It has not, however, been previously noticed that the
study of the earliest stages of the colony is essential for the
proper understanding of the ovicell of L ichenopora .
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Fig. 1 (PL 7) gives two views of an extremely young
colony of L. ver rucar ia . The colony is attached by means
of a circular disc, whose diameter is "16 mm. The disc is
formed, as Barrois has shown, by the calcification of the body-
wall of the fixed larva. It gives off a calcareous tube which
lies nearly horizontally, and ends in an open 1 mouth, whose
diameter is *18 mm. On looking down into this mouth (Fig. 1, B),
it is seen that the cavity is divided by a septum which appears
triradiate in end view. The septum does not in any part
reach the margin of the aperture of the tube, while proximally
it passes into the lower wall of the tube in such a way that the
cavity of the disc is continuous with the part marked 1, and is
entirely cut off from 2 and 3.

A curious point may now be noticed. About half the
colonies of L. verrucar ia may be described as "r ight-
handed," and about half as "left-handed," and this will
become intelligible from a consideration of the woodcut (Fig. 1).

pIG_ i . Liohenopora verrucar ia ; diagram to explain the difference
between " right-handed " and " left-handed " colonies. The growing
margin of the colonies is omitted. I, II, and III are supposed to be
seen from above, as in PI. 7, fig. 2. (For explanation, see text.)

1 The mouth appears open (as in later stages) because it is uncalcified.
The delicate layer of cells which stretches across it, and can readily be
demonstrated in sections, disappears in the dried colony.
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I shows the end view of a young colony, similar to fig. 1,
Plate 7. The space or zocecium A is uppermost, while B
and c are nearer to the seaweed. Assuming it to be possible
for the whole tube shown in I to roll over,it is obvious that it
can do so in the direction shown by either of the two arrows.
Should it roll to the left, we shall have the condition shown in
I I , where A and c have come to the upper surface, while B alone
is left in contact with the seaweed. I l l shows the result of
the rotation of I to the right.

Returning to PI. 7, fig. 1, it will be understood that the
young colony is attached by the flat surface of its plano-convex
disc, as well as by the flattened wall of the zooecia 2 and 3.
This precludes any actual rotation of the parts already deve-
loped, but it does not preclude an alteration in the relative
position of 1, 2, and 3, as the colony increases in length. This
it does in such a way as to assume the position which would
be arrived at if it at first grew quite symmetrically, but subse-
quently experienced a rotation of the common mouth of the
tube, while leaving its proximal end unaltered. In other
words, the zooecium 1 may either grow to the right or to the
left, as shown in IV and V of the woodcut, the other two
zooecia experiencing a corresponding change of position. A
colony in which 1, as seen under the compound microscope,
has grown to the right, will be described as " right-handed "
(IV), while a " left-handed " colony has the appearance of V
in the woodcut.

It is obvious that a cross-section of either IV or V, imme-
diately above the constriction which marks the passage of 1
into the disc, will have the appearance of I ; while a section
taken more distally will show the first zocecium (1) in the
position of A in I I or I I I , according as we are dealing with a
" right-handed " or a " left-handed " colony. It is clear that
the zocecium 3 in IV corresponds with B in I I ; while 3 in V
corresponds with c in I I I ; and the object of giving different
symbols to these zocecia in IV and V is to call attention to the
fact that the individual properties of the zocecia in the older
colony depend on the direction in which the primary zccecium
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grows at the commencement of the formation of the colony.
The whole colony acquires a certain symmetry with regard to
3, the axial zocecium, and in studying the characteristics of 2
and 3 it matters not which of these corresponds with B and
which with c in I of the diagram. The necessity for a close
attention to these zocecia will become apparent later.

The distinction between right- and left-handed colonies per-
sists throughout life, although it ceases to be obvious in colo-
nies of more than a certain age, when looked at in the usual
position, from above. The difference can readily be appreciated
in young colonies, in which the early stages of the embryonic
development are taking place. This will be seen by comparing
fig. 3 (left-handed) with fig. 4 (right-handed).

The two kinds of colonies seem to occur in about equal
numbers. Of sixteen chosen at random as a test case, eight
were right-handed and eight were left-handed ; and this result
agrees with the other observations I have made on this point.

The actual position of the three zocecia can be seen from
fig. 2, which is an end view of a young colony which was
proved to be left-handed by examining it in another position.
1 is the primary zocecium, which in future will be designated
by the symbol z1, the symbols z2 and z3 being employed for
the zocecia 2 and 3 respectively in either IV or V of the wood-
cut (p. 78). The tubular end of z3 has in fig. 2 reached a
higher stage of development than that of z1. z3 is in contact
with the surface of attachment, while z1 and z2 are on the
free surface of the colony. The position of these three zooscia
is also shown in fig. 3, a somewhat later stage seen from above.
The colony may be described as having the form of a flattened
funnel, whose narrow end originates in the disc. The funnel
is attached by one of its flattened sides ; and its lip, which is
closely attached to the seaweed on this side, here projects
considerably further than on the opposite side. The wide end
of the funnel is, in fact, obliquely truncated.

z3 has acquired an axial position, which it retains through-
out the later development, z1 and z2 are, at their upper ends,
arranged symmetrically with regard to z8, although the wood-
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cut on p. 78 (IV and V) shows that z2 and z8 are at their
bases symmetrical with regard to z1, and are clearly a pair of
sister zocecia produced by the primary zocecium of the colony.

Figs. 2 and 14 illustrate further the manner in which the
number of zocecia becomes increased. This happens by the
forking of a pre-existing septum ; and the zoceeia are at first
bounded externally by the common growing rim of the colony.
The way in which the zocecium is completed externally is shown
in fig. 14, which represents a part of the growing margin of an
old Lichenopora . No sooner is the outer wall completed
than the zooecium commences to grow upwards as a free tube,
although its inner side has before then commenced its upward
growth. The obliquely truncated character of the adult orifice
is thus a marked feature even at the first formation of a
zooecium.

Fig. 14 shows that the septa do not reach the actual rim of
the colony, and that the outer wall of the zooecium always
grows up from within the edge. Since this happens in the
entire circuit of the mouth of the funnel-shaped colony, part
of the rim capable of forming new zocecia is left all round, and
this is the proximate cause of the assumption of the completely
discoidal shape which is so characteristic of the genus Lichen-
opora. The growing edge is well seen in figs. 3 and 4, from
which it is evident that that part of the rim which is situated
on the proximal side of the first three zocecia grows at first
much less energetically than the opposite part.

We may here notice an important generic difference between
Lichenopora and such a genus as Tubu l ipo ra . In the
latter, z1 and z2 are formed in such a way that the proximal
part of the rim of the young funnel-shaped colony is used up
in forming their outer walls. There is thus no edge capable
of giving rise to new zocecia between z1 and z2 on the one
hand and the disc of fixation on the other hand. The colony
thus assumes a fan-like shape instead of the discoidal form
which is assumed by L ichenopora . This distinction has
already been pointed out by Smitt (20, p. 476).

Fig. 4 represents a right-handed colony of L ichenopora
VOL. 3 9 , PAET 1. NEW SER. F
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which has a maximum diameter of *59 mm. The number of
zooecia has increased, and it will be noticed that the zooecium
which we have called z3 still maintains its axial position in
the colony. The zocecium between zs and z1 may be termed
z4, while that between zs and z2 will be called zB. It will be
unnecessary to give special symbols to the other zooecia.

Growth has, so far, proceeded almost exclusively on the
distal side of the first three zooecia; but the characteristic
features of the adult Lichenopora are soon acquired by the
growth of that part of the margin of the colony which inter-
venes between them and the disc. In fig. 2 the diverging
zooecia za and z2 are separated by a quadrangular area which
is the outer wall of a pyramidal space situated between z1,
zs, zs, and the outer wall of the funnel-shaped colony. In
fig. 4 this space has become divided into two, and at a later
stage two or three zooecia will be found between the distal
ends of z1 and z3, and directed in such a way that they radiate
from z3 towards the disc of attachment. The position of these
zooecia is shown in figs. 5 and 12. Their development has
taken place simultaneously with the extension of the proximal
part of the rim of the funnel, which grows in such a way
as to cover that part of the funnel which intervenes between
the disc and the open mouth. The rim or basal lamina here
grows horizontally, keeping in close contact with the wall of
the funnel, and finally covering it and the disc completely.
Having done this, it comes in contact with the seaweed on
the proximal side of the disc of attachment j and the latter is
thus completely covered. Growth has not, however, been
confined to this region. The colony has been increasing hori-
zontally in every direction, zs forming a centre approximately
equidistant from all parts of the margin.

The general nature of these processes will be understood
by comparing figs. 5 and 7. In the fully formed discoidal
Lrchenopora no trace can be seen from the upper side of the
proximal part of the funnel; but it is merely necessary to turn
the colony over to find that that part persists throughout life,
without any increase of size, A back view of the adult colony,
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showing the disc and the proximal part of the funnel, has been
well figured by Smitt (20, pi. xi, fig. 6). It is obvious that
the increase of the diameter of the colony is accompanied by
an increase in the number of zooecia which are present.

The divergence of the zooecia from the centre of the discoidal
colony results in the occurrence of a central space, round which
the zooecia are arranged; and this space is the commencement
of the ovicell. Two points must be here expressly noticed :
firstly, that the ovicell is not restricted to certain colonies, but
is developed in all colonies which reach the proper stage of
growth; and secondly, that the description of the young ovicell
must be given with a word of warning. The account of the
growth of the colony has been taken from entire specimens,
and largely from dried specimens. In the latter at least, we
should not expect to find much trace of any structures which
are not calcareous; and even in dealing with Canada-balsam
preparations of entire colonies, it is extremely difficult to see
much of the delicate, uncalcified membranes which really
exist. But it must here be noticed that the study of sections
shows emphatically that the various spaces of the colony are
roofed in by living membranes. Thus the spaces at the growing
edge shown in fig. 14 are really closed, and the same is true
of the interzocecial spaces which give rise to the ovicell. Even
the orificesof the zocecia are not widely-open tubes,but are closed
during life by a membranous diaphragm, which can be widened
to allow of the protrusion of the tentacles. Of all this, nothing
appears in the dried colony ; but it must be clearly understood
that the cavity of a young ovicell is morphologically a body-
cavity, and is not an external space converted into an ovicell
by the formation of a calcareous roof.

The development of the ovicell can be most easily described
after the structure of the complete ovicell is understood.
Fig. 6 represents a thick free-hand section showing the whole
length of a single radius of a colony which has not been decal-
cified. The zooecia diverge from the centre of the colony.
Each zocecium reaches the attached basal lamina, a short part
of which it forms. The older zocecia are very much longer
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than the younger ones. The roof of the ovicell connects the
diverging zocecia, aud the cavity of the ovicell is clearly, in the
central part of the colony, a space which completely surrounds
a part of the zocecia. The roof of the ovicell 13 not perfectly
even, hut is formed of convex portions, shown in surface view
in fig. 7.

The ovicell increases in size during the growth of the colony ;
and the nature of this increase may be understood from fig. 14.
The marginal spaces, marked out by the vertical septa which
start from the basal lamina, are all destined to give rise to
zocecia, which are the only spaces which extend down to the
base. The zocecium is first clearly indicated by the appearance
of one or more of the spikes which occur on the upper margin
of the orifice of all the zocecia. At about this stage (fig. 14, A),
one of the septa forming the side walls of the zooecium gives
off a branch which runs more or less transversely. The cavity
of the young zooecium is in this way cut off from the cavity on
the distal side of it. Up to this time the zooecium has been
a short horizontally-placed tube, whose lower wall is part of
the basal lamina, and whose free upper wall is parallel to the
base. No sooner is the cavity of the zooecium completed on its
distal side than it begins to alter its direction of growth. The
woodcut Fig. 2 is a diagrammatic representation of the margin
of a colony. The thick lines represent two young zooecia and

B' B H F C A
FIG. 2.—Diagram of the growth of the margin of the colony ofLicheno-

poraverrucaria. (For explanation, see text.)

part of the basal lamina as they would be seen in a radial
section, and the dotted lines represent the condition of the
corresponding parts after a certain amount of growth has taken
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place ; A C H B is the basal lamina. The zocecium whose point
is marked D has its upper end free, even in the earlier con-
dition, while that marked E is still incomplete on its distal
side (cf. fig. 14). It is soon completed on that side by an
obliquely vertical septum, which starts at r ; and the pro-
longation of this septum forms the lower wall of the zocecium.
By the time that the margin of the colony has extended to B1,
the two radial septa, which at first formed the lateral parts of
the zocecium E, have grown in length and in height; and they
are supposed to have meanwhile given rise to the beginning of
a new zooecium, G, which has reached the condition of E in
the earlier phase.

In examining the woodcut in the condition indicated by the
dotted lines, it is clear that a space occurs between the two
older zooecia, and a much younger one between the two younger
zooecia. Smitt (20) alludes to a space of this nature as an
" interstitialrum ; " but it will be convenient to substitute the
term " alveolus."

The zocecia may be arranged in radial series, as shown in
the woodcut; or their position may be for the most part
alternate, as in fig. 14. The upper sides of the zocecia are
marked with longitudinal ridges, which have been omitted
from most of the figures for the sake of simplicity, but are
shown in figs. 8 and 9. The projecting spikes of the zooecia
are commonly continuous with these ridges, some of which
become exaggerated at their lower ends to form lateral walls
for the alveoli. These are thus pyramidal spaces, pointed at
their lower ends, and at first only closed by membrane above.
They increase in length by the growth of the zocecia, and by
the extension of the vertical septa on sides where they are not
bounded by zooecia. The septa do not, however, grow so high as
the zocecia; but after they have reached a certain height, each
alveolus commences to become roofed by the calcification of the
membrane which is already present in that situation. The
calcification of the roof of each alveolus begins at the margin
and gradually advances to the centre, in the same way that an
opening is gradually closed by the contraction of a sphincter
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muscle. An alveolus which is incompletely roofed in is
shown in fig. 6.

The original extent of the alveoli is indicated by the grooves,
which correspond with the original septa, on the surface of the
ovicell (c/. figs. 7 and 14). It is obvious that the ovicell is
gradually increased in size by the addition of fresh alveoli all
round its margin. The vertical septa are absorbed after the
alveolus has become part of the ovicell, and a continuous space
thus results, through which the more centrally placed zocecia
pass as free pillars. Fig. 6 illustrates this point, and the con-
formation of that part of the roof of the ovicell which lies to
the left of the right-hand zooecium indicates the loss of the
vertical septa which were at first present.

We have still to consider the earliest development of the
ovicell, which, to the best of my belief, has not been studied in
detail by any previous observer. Fig. 12, though by no means
an early stage, will serve to introduce us to a phenomenon
which is of the highest importance for the understanding of
the history of the colony. This phenomenon may be spoken
of as the occlusion of the fertile zocecium.

In fig. 12, all parts of the ovicell which have received a
complete roof are shaded. The preparation is a transparent
one, made in Canada balsam, so that the walls of the zocecia
can be seen through the roof of the ovicell. Parts which are
seen through some other part of the colony are indicated in
dotted lines. The colony is left-handed—z1 and z3 project in
the ordinary way beyond the roof of the ovicell, while z2, the
occluded zooscium, is completely closed by the roof, and would
probably not have been visible at all in a dried, opaque pre-
paration. In the immediate neighbourhood of the occluded
zooecium arises the trumpet-shaped aperture of the ovicell. The
study of decalcified sections is necessary in order to understand
the significance of these facts, but it must for the present be
assumed that we are justified in alluding to z2 in this colony as
the "fer t i le" zooecium—i.e. as the zocecium in which the
embryo is first developed.

The roofing in of the ovicel l commences wi th the
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occlusion of the fer t i le zooecium. This process is not
easy to see in a colony which is resting in its position of most
stable equilibrium on its flat surface; but it can be seen
without difficulty in a colony of suitable age which has been
mounted on a rotating cylinder in the manner described on
p. 74. No general rule can be laid down with regard to the
size of the entire colony in its relation to the closure of the
ovicell. The smallest colony in which I have found this
process actually beginning measured '77 mm. in diameter,
while the largest colony in the same condition as regards its
ovicell was 1*13 mm. across. In nearly all the cases I have
actually observed at this stage, z3 was the fertile zooecium,
although this rule is by no means invariable. A reference to
the woodcut on p. 78 will show that the orifice of za may be
described as having an axial and an abaxial side. The occlu-
sion of the zocecium commences with the formation of a calca-
reous film, starting from the abaxial edge of the zocecium.
This film grows inwards as a cap to the zocecium (fig. 13);
but while it is closely fitted on to, and indeed arises from the
abaxial edge of the orifice, it grows over the axial side of the
edge as an arch which does not fuse with the edge. The film
is the beginning of the roof of the ovicell; and it is clear
from fig. 13 that a passage leading from z2 into the cavity of
the ovicell is left between the calcareous film and the axial
side of the edge of the orifice of zs. T h r o u g h th is passage
the embryo passes from the fer t i le zooecium into
the ovicel l . It should perhaps be pointed out that this
statement is to some extent a matter of inference. I cannot
claim to have first found this passage in a particular colony,
and then to have observed the embryo on its way through the
passage. But I have been able to show that the embryo
actually passes from the fertile zooscium into the ovicell
through an aperture close below the roof of the latter; and it
may fairly be concluded that the passage whose formation we
have just considered is really formed for this purpose.

No sooner has the fertile zooecium been occluded than the
formation of the orifice of the ovicell is commenced. This is
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seen in an early stage in fig. 5, where the trumpet-shaped
mouth is not yet formed. Transparent preparations (fig. 12)
show that the trumpet is developed in the immediate neigh-
bourhood of the occluded zocecium. The appearance of the
fully formed trumpet is shown in fig. 7.

The occlusion of a fertile zocecium may or may not result in
the obliteration of all signs of its presence. In fig. 13 the
principal spike of z2 is still visible externally, in spite of the
occlusion of that part of the orifice. In other cases, a careful
examination of a colony may result in the detection of the
ends of two or three spikes in the immediate neighbourhood
of the aperture of the ovicell, which clearly belong to a zocecium,
and from their relation to the trumpet must have belonged to
the occluded fertile zocecium. What is probably part of the
orifice of z2 is seen as a zigzag line below the aperture of
the ovicell in fig. 7.

The study of sections shows certainly that z2 is not neces-
sarily the fertile zocecium, although the cases in which either
this or z8 is fertile very largely preponderate over all other
cases put together. The study of entire colonies amply con-
firms this, if we may for the present assume that the conjunc-
tion of an occluded zocecium with a trumpet-shaped aperture
belonging to the ovicell is a strong reason for believing the
zocecium to have been fertile. In many cases where the open-
ing of the ovicell is formed in connection with z3, it occupies a
very characteristic position with regard to that zocecium, being
placed immediately on the distal side of the original orifice of
z3, and with its trumpet-like mouth directed towards the disc
from which the colony started its growth. The opening of
the ovicell less commonly has a similar relation to z2.

It will be remembered that some few of the oldest zocecia of
each colony form a group which diverge from the centre of
the discoidal colony. These zocecia are connected with one
another by vertical septa which do not necessarily reach the
roof of the ovicell. In other words, a part of the roof which
starts at one vertical septum does not always become connected
with the adjacent septum, but may form an arch extending
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completely above that septum to one beyond it. In this way
is formed what may be called a compound alveolus; i. e. an
alveolus which at its formation is partially subdivided by one
or more vertical septa which do not reach the roof of the ovi-
cell. The closure of the central part of the ovicell commonly
and probably usually takes place by the formation of one or
more compound alveoli, whereas the extension of the ovicell
in a mature colony appears to take place for the most part by
the formation of simple alveoli.

The extent of the central area of the colony, devoid of
zooecia, depends in the first instance on the extent to which
the older zocecia diverge from one another; but it may be in-
creased by the occlusion of zocecia. This piocess, which can
be best made out in transparent preparations, has nothing to
do with the occlusion of the fertile zocecium. It is highly
probable that the occlusion follows the loss of the polypide.1

The process does not appear to take place to any great extent
in young and healthy colonies of L. ve r ruca r i a , but in old
colonies a considerable number of the more centrally placed
zocecia may be occluded. A calcareous lid may in these cases
be added in the position of the original orifice (PI. 7, fig. 9),
and it may or may not be formed in an, oblique position corre-
sponding with the original condition of the orifice. This is
very different from the state of an occluded fertile zooecium, in
which the closure takes place at the level of the roof of the
ovicell.

All the older colonies of Lichenopora differ from those
which have so far been described by the occurrence of a very
striking process of secondary thickening of the surface. Since
old colonies are further remarkable for producing new broods
of embryos (cf. p. 132), which are developed in a different way
from the first brood, the idea suggests itself that the second-
arily thickened colonies are the result of a second year's
growth. I have no actual evidence in favour of this sugges-
tion, but the fact that secondary broods of larvae are produced

1 Cf. my former paper on Crisia (5, p. 142).
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in old colonies at the same time of year as primary broods from
young colonies is in favour of that view.

In fig. 14 places will be noticed, as at B, where the neigh-
bouring alveoli do not meet accurately. These places are the
" cancelli" which are so commonly met with in accounts of
the genus Lichenopora. The cancelli do not at first develop
to any great extent; but this condition is altered in the old
colonies (figs. 8, 9).

Fig. 9 shows three zooecia of an old colony. One of these
zooecia has been occluded by a calcareous cap at a considerable
height above the level of the ovicell. This is quite similar to
the structures which are well known to occur in profusion
over the more centrally placed zooecia of certain species of
Diastopora .

The alveoli which are shown in fig. 9 are separated from
one another by shallow grooves. At these regions, and at the
junction of a zocecium with the roof of the ovicell, vertical
septa are rising up. Fig. 8 shows the appearance of a colony
after this secondary thickening has been proceeding for a longer
period. The system of vertical septa, which in the earlier
stage started only at the intersection of the alveoli with one
another or with the zooecia, has now extended so as to cover
the entire surface of the ovicell. The porous roof of the latter
can be seen at the bottom of the open cancelli, which have
for the most part no calcareous roof. The base of the right-
hand zooecium is surrounded by very large cancelli, the walls
of which (as in fig. 9) are continuous with the longitudinal
ridges of the outside of the zocecium. These cancelli are
obviously encroaching on the base of the zooecium, which can
be seen at the bottom of the spaces. Those marked "cancelli"
are beginning to acquire a calcareous roof. The process of
roofing in is much further advanced at the base of the left-hand
zocecium, where one of the cancelli is completely closed. In
this way the bases of the zooecia of old colonies commonly
become surrounded by a set of blister-like swellings, which
have been formed above the original roof of the ovicell. These
are presumably the structures which Smitt regards as forming
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a new ovicell superposed on the old one (cf. p. 75). Judging
by the analogy of the walls of the alveoli, I think it possible
that the floor of these blister-like spaces may ultimately be
absorbed, and the ovicell thereby enlarged.

It is hardly possible to examine figs. 8 and 9 without feeling
convinced that there must be a layer of living tissue outside
the roof of the ovicell. Although I have not obtained complete
evidence with regard to the morphological character of this
layer, its presence can be demonstrated in vertical sections of
stained colonies which have not been decalcified. In pre-
parations of this nature a film of stained nucleated tissue can
be seen, passing over the outer side of the calcareous parts of
the upper Surface of the colony, and thus covering the upper
side of the roof of the ovicell, and extending up the outside of
the zooecial tubes to the orifices of the latter, where the tissue
passes round to join the part of the body-wall which is invagi-
nated into the orifice of each zooecium. The ridges on the
outer side of the zooecia are as a matter of fact undeveloped
septa, which can continue their growth under certain circum-
stances. It is thus natural to find that the outer wall as well
as the inner wall of the young and active zooecia should be
covered with living tissue.

Where the protoplasmic layer passes over the convex surface
of an alveolus, or up the uniform surface of a zooecium, it is
usually tightly stretched over the adjacent calcareous matter.
But in places where it crosses a groove between two alveoli,
the layer usually appears as a tangent of the two curved surfaces.
Hence one sees in sections a more or less triangular space,
roofed only by a delicate membrane, at the junction of two
alveoli. It is obvious that this is in accord with the arrange-
ments shown in fig. 9.

The calcareous part of the upper surface of a L ichenopora
is thus not the outermost layer; and it becomes a question
how far it corresponds with the " ectocyst" of some other
Polyzoa. In the Entoprocta, the Phylactolsemata, and the
Ctenostomata, in which calcification does not usually occur,
the outermost layer is a mere cuticle; and it is to this layer
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that Allman (1, pp. 8, 13) gave the name of " ectocyst."
There is, however, a good deal of reason for believing that the
arrangements are not quite so simple in calcareous Polyzoa.
Ostroumoff (14) announced in 1885 that the use of silver
nitrate demonstrated the evidence of an epithelial layer external
to the calcareous skeleton in several genera of calcareous
Polyzoa; and later (15, p. 12) expressed himself to the effect
that in calcareous forms, such as Lepra l ia , the calcareous
matter separated the ectoderm into two layers, one of which is
outside the skeleton. Vigelius (22, sep., pp. 3,4>, pi. vi, fig. 24)
describes and figures an extra-skeletal layer in an encrusting
Cheilostome, and in a later paper (23) states that the skeleton
is probably usually formed inside the ectoderm-cells. Pergens
(17) finds that the skeleton of the calcareous forms examined
by him is overlaid by a cuticle merely.

The relation of the calcareous skeleton to the parts of the
living body-wall appears to need further elucidation ; but the
condition found in L ichenopora makes it probable that, in
that genus at least, there is more than mere ectoderm outside
the calcareous layers of the upper surface of the colony. The
cavities of the cancelli are probably morphologically parts of
the body-cavity; and as such are no doubt surrounded by more
than ectoderm.

It appears to me extremely likely that the relations of the
calcareous septa in L ichenopora may not be very different
from those of the septa of a Zoantharian Coral, as shown by
Koch's well-known researches. The outer wall of the young
funnel-shaped colony (fig. 3) is immediately derived from the
body-wall of the metamorphosed larva; and it is of course a
young condition of the basal lamina. All the septa which
divide the zocecia, the alveoli, and the cancelli from one another
are ultimately derived from the basal lamina; the first forma-
tion of a voung'septum at the growing edge always appearing
as an outgrowth from that layer (fig. 14), and other septa being
always formed from pre-existing septa.

I have obtained no evidence of the existence of soft tissues
on the lower side of the basal lamina, and I do not think it
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likely that any such exist. The view which seems to me to be
suggested by my observations and by those of previous workers
is that the basal lamina is the outermost layer of the body-
wall ; that the body-cavity it encloses has been repeatedly
subdivided by the ingrowth of a series of branching and
anastomosing ridges or septa from the body-wall. The whole
upper surface of a L ichenopora colony thus corresponds with
what would be seen in an end view of a growing point of
Cris ia . But whilst in the latter the growing edge is sub-
divided by a very simple set of septa, which result in the
formation of only two series of zooecia, that of L ichenopora
is divided by an immensely complicated series of septa. The
parallel is not, however, quite accurate; since in Crisia , as in
Tubu l ipo ra (cf. p. 81), the septa reach the growing edge of
the colony, and the mature zooecia are thus completely outside
the " growing-point," because part of the growing edge is used
up in to to in the formation of each zocecium. The morphology
of the L i chenopora colony can be most easily understood by
considering a young colony like fig. 3. It will then be seen
that while the lateral body-wall is complete from the beginning,
the mouth of the expanded funnel is closed by a living body-
wall. While this is constantly encroached on and altered by
the formation of septa, whether those giving rise to new
zooecia or those which form alveoli or cancelli, the body-wall
is never completely calcified in this region. For this uncalcified
body-wall, which closes the mouth of the funnel-shaped colony
of L ichenopora , of the growing points of Crisia , &c , the
name " terminal membrane" may be suggested. It is this
layer which gives rise to the polypide-buds, and is invaginated
into the orifice of every zocecium.

If the septa are really, as there seems every reason to believe,
derivatives of the basal lamina, there is no reason for not re-
garding them as ingrowths of a true calcified ectocyst; and
they may accordingly be compared, in a general way, with the
septa of a Coral (as already pointed out), or with the chiti-
nous ingrowths which form the endoskeleton of a crayfish.
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Internal Structure.—The general appearance of a section
through a colony in which the production of the first brood
of embryos is at its height will be understood from fig. 11,
representing a section, parallel to the flat surface, of a colony
in about the same stage as that shown in fig. 12.1 The section
has a maximum diameter of '80 mm. The ovicell may be ex-
plained by comparing its contents with an Amoeba with a
series of blunt pseudopodia extending in the intervals be-
tween the zooecia. The " pseudopodia" contain a considerable
number of secondary embryos, and the nucleus may be repre-
sented by the " fertile brown body."

This structure, although an inert body which plays no direct
part in the development, is in fact the centre about which all
the most important phenomena in the development of the ovi-
cell take place. The "pseudopodia" form a complex structure
for which the name " embryophore " may be suggested, and
they lie in a cavity which may be regarded as the body-cavity
of the ovicell.

The zooecia can be identified, in a good and well orientated
series of sections, by an examination of the proximal end of
the colony, which, it will be remembered, retains throughout
life the form assumed by the young Lichenopora . Hence
it may be confidently stated that z1 is a section of the pri-
mary individual of the colony, and that z2 and z3 represent
respectively the second and third zocecia, as defined in the
earlier part of this paper.

z1 possesses a polypide, whose tentacles, enclosed in their
tentacle-sheath, are seen in the figure; z2 is quite empty
basally, but contains some embryos distally, as shown by the
figure; zs contains a brown body basally, but it has no polypide,
and it opens at the level of the section into the ovicell. Two
of the zooecia contain brown bodies, that of A not being visible
in the section figured.

The fertile brown body is in the neighbourhood of z2, near
whose upper end is developed the trumpet-shaped aperture of

1 The secondary embryos are more developed in fig. 11 than they would
have been in fig. 12.
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the ovicell (not seen in the section figured). There is no
aperture in connection with z3, or indeed with any of the other
zocecia. The colony has every appearance of being perfectly
healthy. The sections of its basal part show that nearly
every zocscium has a functional polypide. Only one of these
polypides has any trace of a testis, which consists of a small
mass of degenerating spermatozoa.

The occurrence of an ordinary brown body in z3 makes it
improbable, as will be shown later, that this was the fertile
zocscium ; and it is in the highest degree probable that the
primary embryo of this colony was produced by z2. This is
indicated by the position of the apertnre of the ovicell and by
that of the fertile brown body, as well as by the occurrence of
embryos within the cavity of z2. The connexion between z3

and the ovicell probably implies that zs had been occluded
(cf.p. 89).

My preparations include a practically continuous set of stages
between fig. 11 and the commencement of the development;
and my results are based on the examination of complete
series of sections through some three hundred colonies, in
eighty-nine of which no embryos can be detected, while in
seven more, degeneration had set in after the commencement
of the development. The large number of fertile colonies
examined enables me, to a large extent, to eliminate abnorma-
lities in the development.

An examination of the cases in which normal embryonic
development was not found will give some useful information.
The negative result in at least twenty cases was probably due
to the fact that the colonies were too young. A careful com-
parison of my measurements of entire colonies and of sections
shows that the commencement of the embryonic development
is to be looked for in colonies which measure about '40—
•43 mm. in total length, and about "25 mm. in transverse
diameter, i. e. in colonies which are at about the stage of
fig. 2.

In the next place I am able to confirm the suggestion I
formerly made (6, p. 212) to the effect that the normal develop-
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ment of the ovicell is dependent on the activity of the poly-
pides. On decalcifying a number of colonies of Lichenopora,
a considerable number of all ages and sizes will be found to
be practically empty. In studying the embryonic development,
time is simply wasted if preparations are made of colonies in
which the polypides are not for the most part fully active and
functional, or at least in which the polypides have not recently
been functional. A recently degenerated polypide may be
difficult to distinguish, in a preparation of an entire colony,
from a functional polypide; whereas it is quite easy to recog-
nise the small, compact, brown body which indicates that
the histolysis of the polypide took place at some more distant
period.

The conditions under which the embryos are nourished
appear to be very different in different Cyclostomes. In
Cr i s i a ramosa I have shown that the embryos are contained
in a highly protoplasmic reticulum, which, it can hardly be
doubted, serves for the transference of nutriment to the de-
veloping larvse. In C. eburnea the reticulum is reduced to
a minimum, and the path of the nutrient substances is pro-
bably somewhat different from that inC. ramosa. Analogous
phenomena probably occur in the genus L i c h e n o p o r a ; and
L. ver rucar ia may be compared with C. ebu rnea , in which
the reticulum is but slightly developed. Although I have not
yet been able to obtain a supply of material for the proper
examination of other species of L ichenopora , I have obtained
a series of sections through a single fertile colony of L. h ispida ,
Fletn. The ovicell contains a comparatively small number
of young secondary embryos, which are embedded in a large
solid nucleated mass which probably corresponds, in func-
tion at least, with the "foll icle" of C. ramosa (cf. 6, PI.
xxii, fig. 6).

My examination of this single series of sections of L.
hispida enables me to state that the embryonic development
of that species probably differs to a very considerable extent
from that of L. ve r ruca r i a . Another curious difference
between the two species may here be pointed out. While in
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L. ver rucar ia the brown bodies formed by the degeneration
of the polypides are absorbed from time to time, so that a
zocecium hardly ever contains moi'e than one or at most two
brown bodies, those of L. h i sp ida (again judging from my
single series of sections) accumulate at the basal end of the
zooecium, a considerable part of which is tightly packed by a
mass of brown bodies.

It seems clear that considerable differences in detail occur in
the embryonic development of different Cyclostomes; but I
believe that it will be found that the phenomena are funda-
mentally the same throughout the group.

Whatever may be the character of the arrangement by which
the embryos are directly nourished, there can be no doubt that
it is the polypides which ultimately supply the material at the
expense of which they grow. In a very large proportion of
the cases in which no embryo could be discovered, the poly-
pides were not functional in all or some of the zocecia. A
similar result is obtained by the examination of the degenera-
tion of the embryo in fertile colonies. Leaving out of account
doubtful cases, I have fifteen colonies in which degeneration of
the embryo has clearly occurred. In eleven of these cases all
the polypides of the colony had degenerated, this being pro-
bably the proximate cause of the degeneration of the embryo.
In some cases new polypide buds were being developed, and
the colony would obviously have survived, and would probably
have developed a new embryo from one of the younger poly-
pides. One of the other four cases probably points in the
same direction. The fertile zooecium contains two brown
bodies, a polypide, and an embryo which commenced to dege-
nerate in the " suspensor stage " (cf. fig. 24, a normal embryo
at this stage). The remains of the embryo are between the
two brown bodies, and it is highly probable that the distal
brown body represents the polypide which originally supported
the suspensor. The abnormal degeneration of this polypide,
at an earlier period, probably resulted in the degeneration of
the embryo, which is still just recognisable, although a new
polypide has grown up in the fertile zocecium.

VOL. 39, PART 1.—NEW SEE. G
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A much larger number of degenerating embryos might have
been obtained, if the colonies of which sections were to be cut
had been taken at random, instead of having been chosen with
some regard to the condition of their polypides.

I am unable to suggest any definite cause for the degenera-
tion in most cases. A Protozoon, a species of F o l l i c u l i n a ,
is commonly found with the basal end of its tube embedded in
the L ichenopora , its free end projecting from the surface of
the colony. These organisms can often be recognised in the
sections of the colonies, and in many cases they are found in
degenerating specimens. It is quite possible that the Po l l i -
cu l ina may in these cases be the cause of degeneration; but
it is equally possible that it is the effect, and that the Protozoa
settle down in parts of the colony which have lost their zooecia.
They are found, not uncommonly, in parts of the colony in
which their presence does not seem to have had any effect on
the adjacent zooecia.

Degeneration may start at any stage of the embryonic de-
velopment. I have observed it most commonly in colonies in
which the embryo had developed up to the " suspensor stage; "
but I have also found it commencing at later stages, as, for
instance, at the beginning of embryonic fission, or even later.

In describing the development of the structures found within
the ovicell of L ichenopora ver rucar ia , it is desirable to
keep the account of the first brood of larvse entirely separate
from that of later broods. The appearance of an ovicell con-
taining larvse belonging to the first brood has already been
considered (fig. 11); and this is the condition which is usually
found in colonies which have a diameter of 1 mm. or there-
abouts. The or ig in of all t hese compl ica ted s t r u c -
t u r e s is to be looked for in colonies which consis t
of only t h r e e or four zooecia.

For descriptive purposes it will be convenient to classify
the embryos in a certain number of stages; and it will be
seen that the form of the entire colony has a distinct relation
to these stages, although wide variations occur in the period
at which any particular stage of development is passed through.
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The following stages are naturally marked out by the phe-
nomena of the development.

Stage A.—Formation of the definitive egg (figs. 15—18).
The entire colony in which this stage occurs measures about
•45 mm. in length, and about "25 in transverse diameter
(between figs. 2 and 3).

Stage B.—Formation of the follicle and suspensor (figs.
19—22). The colony does not differ materially in size from
those in which Stage A occurs.

S tage C.—"Suspensor s tage" (figs. 10, 23, 24), the
embryo being supported by a functional polypide. Colony in
the condition of figs. 3 and 4 ; usually about "50—"60 mm. long,
and about -35—*55 mm. broad.

Stage D.—The polypide has degenerated, and the embryo
is supported by a brown body found near the distal end of the
fertile zooecium (figs. 27, 28). Colony as in Stage C.

Stage E.—Disappearance of the " suspensor" and enlarge-
ment of the embryo (figs. 29, 30).

S tage F.—Commencement of embryonic fission (figs. 31—
35). Diameter of colony about "60—-80 mm.

S t a g e G.—Fully formed ovicell (figs. 7, 11, 12).
The measurements given here and elsewhere, so far as they

refer to sections, must be taken as approximate. The plane
of the sections may not be such as to permit of a satisfactory
measurement being taken at all, while in the case of an
oblique series the whole length or breadth of a colony may
not be seen in anyone section ; and the necessity of estimating
the length obviously introduce's a source of error. The delicate
calcareous lamina which forms the edge of the entire colony
is usually not distinct in sections. Lastly, there is consider-
able variation in the size of the colony and in the time at
which development commences.

In spite of these drawbacks, I believe that it will be useful
to record the measurements of the colony, wherever possible,
as a guide to future investigators. The measurements given
in the sequel refer in all cases, unless the contrary is stated,
to the sections, and not to the colony before decalcification.
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During my study of the development of L. verrucaria , I
have been much struck with the frequency with which the
zooecia z2 and z3 form the starting point of the ovicell. This
result was first obtained by a study of sections; but, as has
already been pointed out, it was afterwards amply verified by
an investigation of the entire colonies. Some statistics will
bring out the striking nature of this phenomenon. In 108
colonies belonging to Stages B to G, or being fertile colonies
in which degeneration of the embryo was taking place, I have
been able to determine the fertile zooecium. In the cases of
the older colonies (Stages E to G), it is easier to recognise the
fertile zooecium when it happens to be z2 or zs than when it is
a younger zooecium; and the older stages have consequently
been omitted in the second column of the table.

Table showing the Frequency of the Occurrence of
z2 or zs as the Fer t i le Zooecium.

Stages B—G
a d d t i

No. of cases in which za is fertile . .
z3 . .

„ „ z* or z3 „ . .
?z» „ . .
?z3 „ •

„ ,, a younger zooecium is
fertile . . .

„ „ two zooecia are fertile .

„ „ the fertile zooecium could
be determined . .

Total number of colonies investigated . .

As it is by no means easy to determine the fertile zooecium
in unfavorably orientated sections, there is obviously room
for error in the above results ; but as I have only entered
cases in which I have felt confident that I could really deter-
mine which zocecium was fertile, I believe that the table is
substantially accurate. In estimating the bearing of these
numbers it must be noticed that in a considerable proportion
of the cases in which the fertile zooecium is entered as ?za or

generating
colonies.

44
21

8
15
8

6
6

108
175

Stages B—D.

29
15
5

12
6

5
3

75
95
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? z3, the doubt usually arises in consequence of the difficulty of
distinguishing between z2 and z3 in the sections. Thus in
most cases where a fertile zooecium was marked ?z2, it was
certainly z3 if it was not z2.

Another line in the table refers to cases in which the fertile
zooecium was either z2 or z3, but it was not certain which of
these two was fertile.

We thus obtain the result that in the colonies of all ages
up to Stage G the fertile zocecium was either z2 or z8 in
96 cases, while a younger zooecium was fertile in only 6
cases in which a single embryo was present. The correspond-
ing numbers for Stages B to D only are 67 and 5.

Even if a liberal deduction is made from the 96 of the first
column or the 67 of the second, on the ground of uncertainty
or possible errors of observation, we are still entitled to con-
sider that the fertile zooecium which produces the first brood
of embryos in L. ve r ruca r i a is normally one of the two zocecia
which are first formed by budding after the larva has meta-
morphosed itself into the primary zocecium of the colony. Two
of the six cases alluded to in the table as colonies in which
two zooecia are fertile, have embryos in both z2 and z3. In two
more cases the fertile zocecia were probably z2 and z3. In the
fifth case z2, and in the sixth case z3 was fertile in addition to
a younger zooecium than either of these two.

The table further brings out the fact that z2 is more often
fertile than z3. An examination of young colonies which have
been stained and mounted whole, without decalcification, shows
that z2 is really older than z3, although there is no evidence of
this in the later stages. Thus a colony #32 mm. long b y
•15 mm. broad had a mature polypide in z\ and a small
polypide-bud in z2. Another, '35 mm. by "24 mm., had poly-
nides in z1 and z"; while a third, "43 mm. by '27 mm., was
developing for the first time a polypide-bud in z3, in addition
to having functional polypides in the older zocecia.

z2 is thus clearly older than z3, and we accordingly have the
following striking result. There is a strong tendency in the
development of L ichenopora ver rucar ia for the ovicell to
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owe its origin to the oldest zooecium which is formed as a bud
and does not result from the metamorphosis of the larva; or,
in other words, the ovicell tends to be formed from the first
blastozoite of the colony. I have found no case in which the
ovicell owes its origin to z1; but it must not therefore be con-
cluded that the primary individual differs from the others in
being devoid of generative organs, z1 commonly has a well-
developed testis, while I have on several occasions observed
structures in z1 which I consider to be egg-cells.

It will be seen from the figures of the entire colonies that the
determination of z2 and z3 is easy enough in sections in many
cases in which the orientation is good. It is more difficult
when, as commonly happens, the disc from which the colony
originates is injured or lost when the L ichenopora is removed
from the seaweed. The determination of the fertile zooecium
is greatly facilitated by noticing the position of the tentacles of
the polypides.

The woodcut on p. 78 shows that z1 may be considered to
have an inner (axial) and an outer side. During the retracted
condition of the polypide the tentacles lie close to the inner
side of the zooecium, while the caecum of the stomach is situated
more externally. The orientation of the polypide of z3 is like
that of the polypide of z1; but the polypide of z2 faces in the
opposite direction, its tentacles lying, like those of z1, close to
the inner border of the zooecium. This appears to be true of
all the polypides developed in any zooecium. After a given
polypide has degenerated into the condition of a brown body,
the newly formed polypide is found to have the same orienta-
tion of its tentacles as its predecessor had. The younger
zooecia have a corresponding arrangement. In any colony the
polypides are normally orientated during retraction in such a
way that the tentacles of a polypide are nearer to the centre of
the circle enclosed by the growing margin of the colony than
is the stomach. This point is, however, not brought out by
any of the figures which illustrate this paper. It may be noted
that the number of the tentacles is constantly eight.

A further point which deserves special notice is the character
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of the "brown bodies." Barrois (2 and 3) has shown that the
brown body formed by the degenerating parts of the larva
during metamorphosis has disappeared completely by the time
that the first polypide is mature. He has not, however, de-
scribed the way in which this disappearance takes place.
Ostroumoff(16, p. 185) states that the caecum of the primary
polypide is formed " at the cost of the brown body;" but he
does not enter into further details.

I can confirm Barrois' statements with regard to the dis-
appearance of the degenerated remains of the larva, since I
have found that the primary zocecium, when very young, pos-
sesses a mature polypide, but has no trace of a brown body.
I have found this condition lasting till the stage is reached
when z3 has a mature polypide, and z3 possesses either a bud or
a more or less mature polypide. At a later stage the primary
zocecium contains a brown body as well as a polypide. The
smallest colonies in which I have found this condition mea-
sured *33 x *16 mm. and "35 x '21 mm. respectively. This
implies that the functional polypide is in these cases not the
original tenant of the zocecium, although in some colonies of
the same or even a larger size I have found no brown body.
The degeneration of a polypide, in fact, results in the forma-
tion of a " brown body," which in the younger stages of the
colony nearly always remains as a distinct structure in the
zocecium. In the older stages, as we shall have occasion to
see, the brown bodies commonly disappear from the zooecia.
When present they are easy to recognise, as they appear as
bright yellow bodies even in sections which have been stained
with Grenacher's hsematoxylin. A part of the csecum of the
stomach has the same colour in sections.

I do not think that the primary polypide of z1 develops a
testis, although that organ is commonly present as an append-
age of the polypide of z1 in cases where the corresponding
zocecium possesses a brown body.
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Stage A.—Formation of the Definitive Egg.

Figs. 17 and 18 have already been described in my pre-
liminary note (8). Fig. 17 represents a colony consisting of
three fully formed zooecia only. The section is parallel to the
surface of attachment, in what may be called a horizontal
plane. The examination of the complete series of sections
showed that both z1 and z2 have a brown body, a polypide, and
a testis. The level of the section figured is not such as to
show the characteristic orientation of z2 (see p. 102); zs has a
brown body, a polypide, and a conspicuous cell (seen more
highly magnified in fig. 18), which obviously resembles an
egg. A few nuclei to the right of the egg probably represent
the commencement of the investments of the embryo. Sper-
matozoa were found floating freely in the body-cavity of z1 and
z3, but none were found in the fertile zooecium in this parti-
cular case.

I have not observed the process of fertilisation with any
degree of certainty, but I believe that it must occur at about
this stage. The fertile zocecium may or may not have a testis,
while testes are commonly present in other zocecia, particularly
during the early stages of embryonic development. In some
cases, and particularly in old colonies in which new broods of
embryos are developing, the testes are enormous, being some-
times as much as -30 mm. long. I t can hardly be doubted
from these facts that fertilisation does occur at some period.
Considerable masses of ripe spermatozoa are found in the body-
cavity of many of the zocecia; and it is probable that they pass
thence, in some way, to the fertile zocecium. The young sper-
matozoa are always in groups of four, as in Cris ia (6).

The correct identification of the large cell shown in fig. 18
is clearly of the first importance, and I have thought it
desirable to figure two other cases of the same kind (figs. 15
and 16).

Fig. 15 shows an egg attached to a polypide-bud. z1, za, and
z3 contained polypides, but none of the other zocecia were old
enough to possess more than buds. The egg seems to belong
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to the primary polypide-bud of a zooecium which is younger
than z2 and z3, since no brown body could be detected in it.
A precisely similar egg occurred in another polypide bud of the
same age in the same colony.

Pig. 16 shows part of the polypide of z3 of a rather long and
narrow colony, measuring '48 mm. in length. The first three
zocecia are fully formed; and each has a brown body, a poly-
pide, and a testis. z1 has either one or two eggs, and z3 has
the two eggs shown in the figure. I have observed in all six
cases in which eggs were developed in z1, and in one of these
the egg was found in the recently formed brown body. It
appears to me that z1 may occasionally give rise to true eggs;
but I have observed no single case in which an embryo is
formed in that zooecium. It is probable that the eggs shown
in fig. 16 would (one or both) have developed, and that the
zooecium (z3) which contains them would have become fertile.

In another case the zocecia of a comparatively old colony
had formerly contained brown bodies and polypides. All the
latter had, however, degenerated (probably simultaneously),
forming a series of recent brown bodies, in which the remains
of testes can be detected. Each zooecium thus contains an old
brown body, and a younger, half-formed brown body; and, as
is commonly noticed in such cases, new polypide-buds have
been developed to take the place of the old polypides. One of
these, already recognisable as a young polypide, was found to
possess an egg similar to that shown in fig. 15. The colony
having undergone a complete process of degeneration, it is not
surprising to find that this egg is developed in a zooecium
which is younger than either z3 or z3.

It is obvious from the foregoing statements that the first
appearance of the eggs differs in different cases. Either one
or two eggs may be present, and they may occur with or with-
out a testis. In one case I have found them in all the first
three zocecia. More commonly I have detected a.n egg in only
one zoceciunl in a colony. The diameter of the egg is about
14 /x (average of four measurements). This is not very differ-
ent from the measurement (17-6 ji) which I have recorded (6)
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for the egg of Cr is ia , and the correspondence is even closer
if we take the largest Lichenopora egg (16 yu) of which I have
a record.

In a single case I have found an egg-like cell, 9*6 n in dia-
meter, at the growing margin of a colony. This cell corresponds
closely in appearance and position with the eggs which I have
described in the growing-points of Cris ia . I do not, however,
feel by any means sure that this condition really represents a
normal phase of the development. Some of my other prepara-
tions suggest that the egg is more probably differentiated in
s i tu from the outer layer of a young polypide bud. Moreover
the brown body with which the developing embryo is associ-
ated implies the loss of a polypide in the fertile zooecium. One
might therefore expect, a pr ior i , that the egg would make its
appearance in a bud formed to replace a pre-existing poiypide,
and not in a part of the growing edge where no polypides have
yet become mature.

I have found cells which I regard as eggs in thirty-eight
colonies. In most cases I have been unable to detect more
than a single egg in a colony, although in some cases two or
even three eggs may occur in a single zooecium. The egg-
bearing zocecium is commonly z2 or z3, but in several colonies
the egg occurred in a younger zocecium. In one or two of the
latter cases either z2 or z3 was already preoccupied with an
embryo of its own. The observations I have noted down with
regard to the occurrence of these cells point strongly in the
direction of their being eggs. They do not occur promiscuously
in all the zocecia. Should a colony have been successful in
developing an embryo no further trace is ordinarily seen of eggs.
In young colonies which have no embryo these cells are of
common occurrence, and in very young colonies they are found
in just those zocecia which might be expected to produce them.
At the same time the results are not perfectly consistent, and I
can best interpret them by assuming that there is considerable
variation with regard to the first origin of the eggs. This
appears to me to be particularly the case with young colonies
in which the development has not been quite normal, whether
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in consequence of the degeneration of the polypides or from
other causes.

Stage B.—Formation of the Follicle, &c.
Although the embryo and its investments can he recognised

with certainty at this stage, it is by no means easy to make out
all the details.

Fig. 19 shows a part of the polypide, with the embryo, of a
colony which possessed functional polypides in z1, z2, and zs,
and had two other zocecia which had reached the stage at which
the polypide-bud becomes obvious. The fertile zocecium is
either z3 or z3; it possesses a brown body and a small testis,
neither of which is shown in the section figured. The body-
cavity contains some ripe spermatozoa, some of which are seen
in the immediate neighbourhood of the embryo. The latier
consists of several nuclei embedded in a mass of protoplasm
which lies in a definite cavity. This is bounded by a layer of
cells which may be termed the follicle.

Fig. 22 is from i? in an older colony which had four old and
one half-grown polypide, and two buds. No brown bodies
could be distinguished in this case—a very unusual phenome-
non in colonies of this age, although quite common in older
colonies. The four mature polypides are, however, conspicu-
ously old, and their alimentary canals have solid contents which,
are probably the missing brown bodies. This question will be
considered later. The investments of the embryo are rather
more definite than in fig. 19, and it is more difficult to make
out with certainty the limit between the follicle and the em-
bryo. At least five of the central group of nuclei clearly belong
to the latter.

Fig. 21 shows a transverse section of the follicle and embryo
at a stage between the last two figures. The colony measured
'40 by "21 mm., and possessed three polypides only, of which
either z2 or z3 was fertile. The follicle is somewhat thicker
than in the cases previously considered, and possesses more
than one layer of nuclei. A brown body is present, as usual,
in the fertile zocecium.
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Fig. 20 is from a colony which possessed three polypides only,
each of them being accompanied by a brown body. The fertile
zooecium is almost certainly zz, but if not it is z3. The structures
connected with the embryo show a distinct advance in develop-
ment. The follicle is more fully formed, and there is also pre-
sent an elongated group of nuclei which is easily recognised as
the " suspensor " of the next stage.

My notes show a perfectly consistent result with regard to
the age of the colony at which this stage is passed through.
This is brought out by the following table:

E m b r y o s in S tage B.
No. of colonies

Colonies possessing three polypides only . . . 1 6
„ „ four or five polypides . . . 3

Colony larger, the fertile zooecium being younger than zs or z3 1
Sections not good and result uncertain . . . 5

Total number of colonies examined . . . 25

It is clear that Stage B is most commonly passed through in
colonies which contain three fully developed polypides, with
perhaps one or two young buds in younger zocecia. The mea-
surements of the colonies are remarkably uniform at this
stage, the total length of the colony (in section) ranging from
'40 to -48 mm.

It may be noted that although most of the above colonies
were in the three-polypide stage, it does not follow that any
colony containing that number of polypides will also contain
an embryo in Stage B. We have already seen that a consider-
able number of these colonies contain eggs. In some cases,
moreover, it appears that the polypides may be well formed in
z1—z3 before any of these zooecia undergo a histolysis of their
polypide, or at least before the polypides of z3 and z3 experi-
ence that fate. Now since the occurrence of a brown body is
all but universal in all fertile zocecia, of whatever age, and
probably occurs in all fertile zooecia which are developing
normally, we can hardly expect to find an embryo in any z3 or
z3 in which the first polypide of the zooecium has not had time
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to degenerate and to be replaced by a new one. The brown
body which is found in connection with the developing embryo
is alluded to in this paper as the fer t i le b rown body.

The exact origin of the cells forming the embryonic invest-
ments could not be made out, but I feel confident that they
are not formed as a modification of an ordinary polypide-bud.
They appeat to me to be differentiated in si tu from the cells
of the funicular tissue which surround the egg, aided probably
by the cells which form the capsule of the fertile brown body.
On two occasions I have, however, found young colonies in
which the appearances could be interpreted by supposing that
a polypide-bud was concerned in the production of the struc-
tures connected with the embryo. I have come to the conclu-
sion that such a view would be erroneous; and I regard the
colonies in question as really belonging to Stage D, although
they have reached that stage rather precociously.

Stage C.—"Suspensor Stage," with Brown Body and
Polypide.

I have ventured to call this stage by a name taken from the
development of the embryo in a flowering plant, in conse-
quence of the resemblance of a cord of cells supporting the
embryo to the structure known to botanists as the suspensor.
By this term I refer to the inner cord of cords (figs. 23, 24)
which is contained in an investment continuous with the cells
which immediately surround the embryo. These cells, which
enclose the embryo, may be termed the " follicle " (fig. 24).

The whole set of structures which are developed in imme-
diate relation with the embryo form the " embryophore/' a
structure which has been seen at a later stage of development
in fig. 11 (cf. p. 94).

The general appearance of the embryo, with its embryonic
membraneSj at this stage, may be gathered from fig. 10, repre-
senting part of the fertile polypide in a colony which is about
•67 mm. long. The colony possesses in all about nine brown
bodies, one of which is accompanied by a polypide-bud, and
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the rest are in zocecia which have a functional polypide : that
is, about nine zooecia are fully formed, and of these the third
(probably) is fertile. The fertile polypide, like some of the
others, has a testis, from which the embryophore hangs down
freely into the body-cavity. The fertile brown body occurs in
the immediate neighbourhood of the embryo. This stage is
clearly not very different from fig. 20, which has already been
described.

Fig. 23 is from a somewhat younger colony (measuring *53
by "32 mm.). Five zooecia are here fully formed, with brown
bodies and polypides, and of these z2 is fertile. The outline
of the fertile brown body is projected from other sections on to
the figure. In this case the fertile zooecium has no testis,
although that organ is present in some of the other zocecia.
The suspensor is, as is frequently the case, curved in such
a way as to keep the follicle in close contact with the brown
body; but this curved condition may be merely the position
assumed during the retraction of the polypide. The suspensor
obviously consists of more than a single row of cells. Its
investing cells are intimately connected with a layer which
forms a kind of capsule round the fertile brown body. The
follicle consists of a protoplasmic mass containing two more or
less distinct layers of nuclei, covered externally by a few more
flattened nuclei, which probably belong to an external flat
epithelial layer.

Fig. 24 (from a colony -48 by '45 mm.) shows the embryo
and its accessories with unusual clearness. The fertile zocecium
is zs. The section suggests that the suspensor is really a tube,
and that the two rows of nuclei are on opposite walls of its
lumen. This is borne out by other sections, and particularly
by transverse sections. The lumen can sometimes be made
out; but it probably does not always exist as anything more
than the finest passage.

Fig. 25 represents an unusual condition, in %vhich two
embryos are developing in the same follicle. The colony was
about "56 mm. long, and z2 was fertile. I have found two per-
fectly similar cases belonging to the next stage (Stage D), and
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it is quite possible that the phenomenon is not very uncommon.
After the commencement of embryonic fission, at any rate, it
would be quite impossible to say whether one embryo or two
were originally present. It will be remembered that two eggs
are sometimes borne by a single polypide (fig. 16). It may
fairly be inferred that under certain circumstances both eggs
may develop.

Some idea of the general appearance of the embryo at
Stage C may be obtained by the inspection of figs. 23, 24, but
it is often by no means easy to make out the structure of the
embryo, or indeed to be sure how many nuclei belong to it, and
how many may have been derived from intrusive follicle-cells.
I have previously pointed out (6, p. 215) that the follicle-
cells in Cris ia do push their way in among the blastomeres;
and I haveobtained a good many preparations of L ichenopora
in which this process appears to be taking place. I can say
no more with regard to the structure of the embryo than that
it is a mass of protoplasm containing nuclei j and I am unable
to say whether, at this stage or even later, these nuclei are
arranged with any relation to embryonic layers.

Whatever doubt may exist with regard to the exact details
in Stages A and B, there cannot be the slightest doubt that the
"suspensor stage" is a perfectly normal phase of the develop-
ment. I have examined some thirty-eight colonies in which
the suspensor was present in the condition described above.
With hardly any exception, I have found this stage in colonies
which measure *40—"68 mm. in length (in sections) and "30—
•55 mm. in breadth. The fertile zocecium may or may not have
a testis, and I cannot lay down any general rule on the subject.

In two or three observed cases more than one zocecium was
fertile. The only other variation which need be recorded,
although it might equally well have been considered under the
next stage, is the occasional occurrence of a young polypide bud
in a zocecium which has reached the normal suspensor stage,
and has recently lost its polypide by degeneration.

In some cases this bud appears simultaneously with the
development, in other zocecia, of buds which are clearly formed
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in consequence of the degeneration of the polypides. This is
a case of a phenomenon repeatedly noticed, in which an
epidemic of degeneration attacks all the polypides of a colony
simultaneously. In a large number of cases this probably has
no permanently injurious effect on the colony, as new polypide
buds are developed in all the zooecia, even while many of the
parts of the degenerating polypides are still distinctly recog-
nisable. I am convinced that the simultaneous degeneration
of the polypides is often responsible for the degeneration of the
embryo ; and in some of the above-mentioned cases in which a
young bud occurs in the fertile zooecium, the embryo would
probably have ultimately become involved in the brown body
This is borne out by examination of a colony, "51 mm. long by
•37 mm. broad, in which all the polypides had moderately
recently degenerated. Polypide-buds are being developed to
replace them, and an advanced bud is present in the fertile
zooecium. This bud possesses an egg, although eggs could not
be found in any of the other zocecia. The inference is that the
egg was destined to replace the (degenerating) embryo present
in the same zooecium.

Should the buds become functional polypides with sufficient
rapidity, I see no reason why the embryo should not survive.
It is possible, on the contrary, that the occurrence of a young
polypide-bud together with a degenerating polypide in the
fertile zooecium (Stage C) always implies that the embryo has
already commenced to degenerate. I am induced by the study
of one series of sections to think that this is not necessarily the
case. The fertile zooecium contains a polypide which is clearly
young. The brown body is large; near the suspensor it is
distinctly old, while at the opposite end it is as distinctly
newly formed. The embryo and its accessories are normal in
character. This case suggests a fusion of the original fertile
brown body with a new one formed by the degeneration of the
fertile polypide. A new polypide has, however, been de-
veloped in the same zooecium, and the health of the embryo
does not seem to have been in any way affected by these
changes.
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It is impossible to avoid being struck with the very remark-
able similarity between the stage which has just been described
in LichenOpora and a phase in the development of Pluma-
tella, as described by Kraepelin (11; see especially pi. ii,
figs. 65—68). The figures given by that observer might almost
do duty for Lichenopora, except that the "suspensor" is
rather longer and the " follicle " less complicated than in that
genus. The " suspensor " of the fresh-water form is, more-
over, attached to the body-wall instead of being borne by a
polypide or by a brown body.

Kraepelin and Braem (4) have investigated the origin of
this structure in Plumatella, and they both arrive at the
conclusion that the structure which supports and contains the
egg is a polypide-bud. Braem, indeed, dissents from the
statement of Metschnikoff (13), by whom the structure was
first described, to the effect that it is an ordinary bud; and
points out certain differences between it and a bud which is
destined to grow into a polypide. But the embryophore in
Phylactolsemata would appear to be a two-layered bud, and
the part which corresponds to my "suspensor" is simply the
inner or ectodermic layer of that bud.

Braem further calls attention to the occurrence, in the
morula stage, of certain nuclei which are smaller than those of
the segmentation spheres. These may possibly have some
relation with the smaller nuclei which I have myself noticed
in Lichenopora during Stage C.

The earliest changes undergone by the fertilised ovum of
Plumatella, according to Kraepelin's account, appear to be
extremely similar to those which occur in Cyclostomes. In
Plumatella, as in Lichenopora, a time arrives when the
embryo is a sharply marked spheroidal mass supported by the
end of the " suspensor."

From this stage the development of the Phylactolsemata is
very different from that of the Cyclostomata. In the former
group the embryo enlarges, becomes two-layered and acquires a
central cavity which is completely closed on all sides. One or more
polypide-buds are invaginated from the two-layered body-wall
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into the central body-cavity, and the embryo finally escapes as
a larva provided with a larger or smaller number of polypides.
In Lichenopora , on the contrary, the morula enlarges while
retaining an embryonic, undifferentiated character in its cells.
I t then undergoes repeated fission, and the definitive secondary
embryos produced in this way then acquire a two-layered
character which is strikingly suggestive of the Phylactolsema-
tous embryo.

In spite of the extraordinary resemblance between the "sus-
pensor stage" of L i c h e n o p o r a and that of P l u m a t e l l a , I
have not been able to convince myself that the result is arrived
at, in the former, in the way described by Kraepelin for the
latter. The structure of the embryophore in L ichenopora
would indeed be most easily explained by supposing the
" suspensor " to represent the ectodermic part of a bud, but I
have not been able to obtain any evidence that this is the case.
There are, however, instances among marine Polyzoa where a
new polypide-bud is formed in the immediate neighbourhood of
the brown body (cf. 7, p. 140), instead of in close connection
with the body-wall. It is possible that the L ichenopora
suspensor may belong to this little-understood class of polypide
buds, but I must emphasise the fact that I have no internal
evidence tending to prove that it is a bud.

Were it not for the very marked similarity of the early stages
of the two groups there would be little reason for anticipating
an agreement in detail between Cjclostomata and Phylacto-
laemata, particularly as the details of Lichenopora are so
different from those of Crisia-, another Cyclostome.

Kraepelin (10) has, moreover, urged a series of reasons for
believing that the Ctenostomata, among the marine Polyzoa,
are the nearest allies of the Phylactolaemata. As I have made
no special study of the latter group, I have arrived at no con-
clusions of my own with regard to their affinities, but the
details of their*early developmental phenomena appear to me
to be sufficiently similar to those of Cyclostomes to make it
worth while to call special attention to the fact.

One other suggestion may be made with regard to the
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Phylactolaeinata. In spite of the admirable researches of
Braem (4) and of Kraepelin (11), the mode of the first origin
of the statoblasts cannot be said to be beyond doubt. Although
in the absence of any observations of my own on this point I
do not wish to commit myself to this view, it appears to me not
impossible that some connexion exists between the formation
of the statoblasts and the process of embryonic fission. The
natural view of older writers that the statoblasts are winter
eggs may hereafter prove to have had more truth in it than
has recently been supposed. Verworn (21), indeed, has at-
tempted to resuscitate the older view, although his results
have not commended themselves to later inquirers. Braem's
description and figures in particular lend some colour to the
suggestion that the formation of the statoblasts may be a modi-
fied form of embryonic fission. For fear of being misunder-
stood I must, however, repeat my statement that I do not con-
sider that I have sufficient grounds either for accepting or for
rejecting this suggestion.

We may now return to the consideration of Lichenopora ,
and we pass to—

Stage D.—Suspensor Stage, with Definitive Fertile Brown
Body.

The normal occurrence of this stage is supported in the
clearest possible manner by my sections.

Fig. 28 represents a typical case. The colony measures
•43 by *37 mm., and it contains six brown bodies, one of which
is fertile, while each of the others is accompanied by a poly-
pide. No other zocecium is sufficiently old to have a polypide,
and the colony is one in which this stage of development has been
reached comparatively early, z2 is fertile ; it contains a brown
body, from which the embryophore hangs down into the zooe-
cium. The brown body is not directly connected with the
orifice of the zocecium, although it is now situated near the
upper end of the body-cavity.

Fig. 27 (PI. 9) is probably a somewhat later stage, in
which the brown body has come close up to the layer of body-
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wall which is invaginated at the orifice of the zooecium. The
colony is larger than the preceding specimen, measuring '69 mm.
by "51 mm., and possessing at least twelve brown bodies. The
fertile zooecium is here neither z2 nor z3, but a younger indivi-
dual of the colony. The figure shows that the suspensor and
the follicle are still easily recognised. The brown body has,
however, acquired a much more definite capsule of cells than it
had in the previous stage. This capsule is not so fully formed
in the somewhat earlier condition shown in fig. 28; but in
fig. 27 it has become extremely definite. Its protoplasm and
its numerous nuclei take up hsematoxylin with an avidity that
shows that the tissue is actively growing, and it is indeed this
tissue which appears to be, somewhat later, closely concerned
with the development of the trumpet-shaped aperture of the
ovicell. The embryo is distinctly larger than it was in Stage C.

Fig. 26 represents the embryo of another colony (in Stage D),
which was slightly younger than that from which fig. 28 was
taken, as it had only five brown bodies and four polypides; z2

was fertile. The embryo in this case possesses a peripheral
layer of nuclei, which surround a central group of three nuclei.
I am unable to say whether there is any morphological differ-
ence between the central group and the others.

I t might be supposed, a pr ior i , that Stage D originates by
the degeneration of the fertile polypide in Stage C I have
distinct evidence that this is the case. The polypide is seen to
begin to degenerate, and the brown body already present
begins to become confluent with it. The old brown body and
the degenerating polypide become surrounded by a common
capsule of cells. The fertile brown body of Stage D hence
differs from that of Stage C, inasmuch as it contains the
remains of what was the fertile polypide in the earlier stage,
in addition to the original brown body. Should development
proceed normally, no further polypide is developed in the
fertile zooecium, and the brown body moves to its upper
end, and eventually comes into close relation with what was
formerly its orifice.

The size of the colony during Stage D is in most cases from
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•50 to "70 mm. in length, and from -35 to '55 mm. in breadth,
although those limits may be passed in either direction. The
average of eight cases in which I was able to estimate the
length of the colony (in sections) was *53 mm., and the average
breadth (twenty-two cases) was "44 mm. The entire colony
(tig. 4) might well have been in this stage, although still
older colonies are commonly in Stage D, as may be shown by
counting in the sections the number of their fully formed
zocecia.

The distinction between Stages C and D is obvious enough
as regards the embryo and its connected structures. But the
change from one stage to the other implies no more than the
degeneration of a polypide and its alteration into the condition
of a brown body. We should not, therefore, expect to be able
to distinguish by external features alone between colonies in
the two stages. This is all the more difficult, since the period
in the growth of a colony which corresponds with a particular
stage in the embryonic development varies within wide limits.

S tage E.—Disappearance of the Suspensor and Enlarge-
ment of the Embryo.

This stage immediately precedes the beginning of embryonic
fission. Fig. 29 represents an embryo found in a colony mea-
suring %56 mm. in breadth. The fertile zocecium was almost
certainly z3, The embryo has unmistakably increased in size
compared with the embryos in the previous stage. While that
of fig. 27 measures 28 n in greatest length/ that of fig. 29
measures 70 ft, which is exactly two and a half times as much.
Other changes have also taken place. The suspensor has
ceased to be a definite structure, and the embryo has moved
towards the brown body, so as to take the place originally
occupied by the suspensor. The follicle is still distinct in this
series of sections, but the section figured only cuts its edge.
The first indication of the commencement of this stage is given
by the longitudinal elongation of the embryo, which then
begins to extend beyond the original limits of the follicle into
the stalk connecting the latter with the brown body. We
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have seen that the suspensor is potentially a tube, and it
appears to me that the cells of the suspensor lose the regularity
of their arrangement, and that the embryo probably passes
into the midst of the altered cells of the suspensor, perhaps
by widening out the original lumen. There are, however,
some reasons for thinking thut the suspensor may be pushed to
one side during the elongation of the embryo, and I cannot
pronounce definitely on this point. In any case the suspensor
ceases to be recognisable shortly after the close of Stage D,
and the embryo invariably elongates so as to approach the
fertile brown body with its distal or upper end. Towards the
end of Stage E the embryo may have completely left its original
follicle, and may lie entirely in the place of the original
suspensor.

I have found but few colonies (not more than seven or eight)
in this stage; but those few formed a series completely bridg-
ing over the interval Between Stages D and F. The length of
four of these embryos was 30,53, 70 (fig. 29), 72/x respectively.
The average transverse diameter of the colonies measured in
Stage E (seven cases) was *562 mm., the extremes being -48
(•77 long) and "62 mm.

The embryophore shown in fig. 29 occupies a position in
the zocecium exactly like that of the corresponding structure
in fig. 27 ; that is to say, the cells surrounding the brown
body are in contact with an invagination of the body-wall at
the orifice of the fertile zocecium. The invagination is, how-
ever, considerably deeper in the zocecium from which fig. 29
is taken than in that shown in fig. 27. A thin layer of cells,
not present in the earlier stage, now stretches across the mouth
of the invagination from one edge of the rim of the zocecium
to the opposite edge.

I regard this layer as the remains of the calcareous film
which occludes the mouth of the fertile zocecium (cf. pp. 86,
87). The smallest entire colony in which occlusion was just
commencing measures *77 mm. in transverse diameter, whereas
the largest colony in Stage E (measured from sections) was
•62 mm. broad. This difference is quite unimportant, partly
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because of the variation in the size of colonies at the same stage
of embryonic development, and partly because, in comparing
the measurements of entire colonies with those of sections,
something must be deducted from the former series of measure-
ments. The calcareous lamina which borders the entire colony
is usually not very apparent in sections, or may become some-
what crumpled. In correlating the entire colonies with the
sections it will be well to notice that sections of colonies in
Stage E give no evidence of an aperture belonging to the
ovicell.

Special attention may here be directed to the fact that a
brown body may often be seen in the occluded zooecium of an
entire colony. That brown body is of course the fertile brown
body; and the fact that it may be visible in a dry colony
when other zooecia are not seen to possess a similar structure
is of course due to the constant occurrence of the fertile brown
body near the original orifice. If brown bodies are present in
the other zooecia, they are usually placed at the end of the
csecum of the stomach, and are consequently deeply placed in
the colony, in a position where they cannot be seen.

The fertile zooecium to which fig. 29 refers has yet one
further point of interest. At a short distance below the embryo
its cavity is completely divided by a septum which passes trans-
versely to the long axis of the zooecium. This septum, which
is commonly noticed in, and is indeed probably a normal
feature of, later stages as well, is probably calcareous during
life. It cuts off the proximal, empty end of the zooecium from
the distal end which contains the embryo.

S tage F.—Commencement of Embryonic Fission.
This stage is by far the most important of all, as demon-

strating the fundamental identity of the developmental pro-
cesses in Cr is ia and L ichenopora . Fortunately there is no
stage in the latter in which my evidence is clearer than in this
one. I have obtained some twenty-seven series, any one of
which by itself would have been almost sufficient to prove the
occurrence of embryonic fission.
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The youngest figured (fig. 31) shows an embryo at the very
beginning of this stage. The figure is taken from a colony
which measures '83 mm. in transverse diameter. The diameter
of the embryo is 45 JU, but it must be remembered, in comparing
it with fig. 29, that it is cut transversely to its long axis. The
embryo is now provided with a clear outer layer of nuclei. The
preparation forfission is indicated by the tendency of the centrally
placed nuclei to arrange themselves in groups or in regular
series, and by the appearance of the small slits or vacuoles
marked S in the figure.

Fig. 35 is a longitudinal section through an older embryo,
in which fission has definitely begun. The brown body (not
cut in this section) is unaltered, and the embryophore still
hangs down freely into the fertile zocecium. The embryo is
no longer a rounded mass, but it consists of an irregular series
of pieces, which show clear evidence of being engaged in fission.
The embryonic protoplasm and nuclei take up hsematoxylin or
borax carmine with great readiness; and there can be no doubt
from their appearance that they are engaged in active growth.
The pieces into which the embryo divides at this stage have no
very regular arrangement; but, as will be seen from figs. 33—35,
the embryonic fragments are at first arranged irregularly round
a more or less definite central space. The appearance of
figs. 31 and 33 suggests that a kind of vacuolation of the
central part of the primary embryo takes place, and that the
embryonic cells thereby become dissociated into a series of
peripherally situated groups. In tracing an embryo, such as
that shown in fig. 34, through a series of sections, the parts of
the primary embryo, where not completely separated from one
another, are seen to be connected in the most irregular manner.
Sometimes they are united with one another laterally; some-
times an embryo is united with its v is-a-vis by a diagonal
connection passing across the centre of the whole mass; some-
times a piece of embryonic tissue is prolonged into several
finger-like processes, not unlike those of the primary embryo
of Cris ia (6, pi. xxiii,fig. 11). There is, in fact, no regularity
or definite method in the breaking up of the primary embryo



ON THE DEVELOPMENT OF LICHGNOPORA VERRUCARIA. 121

of L i c h e n o p o r a ; and every primary embryo examined at
this stage differs in these respects from every other primary
embryo.

The main fact is, however, the same. The embryo at this
stage has ceased to be a coherent structure,and has resolved itself
into a number of complicated lobes of embryonic tissue, some
of which have actually become separate from their neighbours,
and some are ready to become separate at a moment's notice.

Even now a differentiation of two kinds of embryonic cells
is not necessarily apparent. In fig. 34 there is some indication
of the occurrence of inner cells, which are probably destined
to give rise to the inner layer of the secondary embryo. Other
preparations do not show any such clear differentiation.

The general features of this stage are very characteristic.
The fertile brown body is invariably present, and it is situated
near the upper end of the fertile zocecium. The embryophore
is shaped something like the lower (closed) end of a test-tube,
and it still hangs down freely into the body-cavity of the
zooecium. The embryo or its parts usually lie in spaces which
probably appear in the surrounding cells of the embryophore,
by a process of vacuolation of the protoplasm. The aperture
of the ovicell is beginning to develop.

The present is a convenient place to raise the question of
the function of the suspensor. It might have been supposed
that it was a tube carrying spermatozoa to the egg, if it had
not been for the fact that the suspensor is formed after the
development of the embryo has commenced. The time at which
one would expect fertilisation to take place is the stage before
the embryonic investments are completed, when the egg is
hardly separated from the fluid of the body-cavity. At this
time spermatozoa are commonly found in the neighbourhood of
the egg or of the embryo in its early stages (cf. fig. 19).

The function of the suspensor appears to me to be probably
connected with the nutrition of the embryo. During Stages
C and D the suspensor remains quiescent; but it probably
contributes to the formation of the mass of protoplasm in which
the secondary embryos are supported from Stage F onwards.
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It may be noted that the embryophore may now contain
egg-like cells (fig. 34, a), which are similar to the giant-cells
that I have described in Crisia. I have never found these
cells showing the slightest evidence of being really eggs;
whereas the dividing primary embryo is quite unmistakable
at this stage. I therefore attribute a purely subsidiary part to
these cells, and I do not believe that they have any direct
share in the development of embryos. I have not found giant-
cells during the earlier stages of the development.

The aperture of the ovicell commences to develop at this
stage, as is distinctly shown by the sections. We have seen
that the fertile brown body of earlier stages is surrounded by
a deeply staining mass of cells which may be in immediate
contact with an invagination of the body-wall (fig. 27). In
this stage the condition closely resembles a stage which I have
described in Cr is ia (6, pi. xxiii, fig. 12), except that the
latter has no brown body. The tubular aperture of the ovicell
of both Cr is ia and L ichenopora is closely connected at its
base with the deeply staining mass of cells or its derivatives.
In the latter genus these cells grow towards the distal surface
of the zooecium which contains them, just as in Cr is ia they
grow towards the distal surface of the ovicell. A cavity next
appears in the mass of cells, immediately above (distal to) the
brown body. This cavity, which is at first merely a series of
vacuoles, is usually perfectly definite near the brown body, and
may extend as a space, which appears crescentic in a longitu-
dinal section, halfway round the brown body. Tracing this
space upwards, it becomes less definite, and it extends into the
base of the tubular aperture of the ovicell. A transverse sec-
tion of the "aperture " at this stage usually shows an external
thin, body-wall which surrounds the part of the body-cavity
which extends into the tube. The centre of the transverse
section is occupied by a solid mass of cells, whose diameter is
about half of that of the entire tube. Lower down the solid
mass becomes excavated by a lumen which becomes continuous
with the cavity which occurs near the brown body. Below
the latter the cavity passes into an irregular space, traversed
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by strands of nucleated protoplasm, which thus divides the
space into smaller cavities in which the derivatives of the
primary embryo lie.

I believe that the processes which take place at this stage
are practically like those which occur in Cr i s ia . The whole
mass of the embryophore becomes highly vacuolated, and is
thereby transformed into a series of more or less definite spaces
in which the secondary embryos will lie. These spaces become
more definite near the aperture of the ovicell. In the next
stage I have often observed mature embryos in the tubular
aperture, obviously on their way out to the exterior.

Very few of the colonies which I have observed in this stage
have a smaller transverse diameter (in sections) than '60 mm.
The extreme measurements I have noted are '45 mm. and
T04 mm. The average of the measurements of the transverse
diameter of twenty-four colonies in this stage is -747 mm.
There is great probability that Stage F corresponds with a
condition of the entire colony in which the fertile zocecium is
occluded, and the very beginning of the formation of the roof
of the ovicell is taking place.

S tage G.—Ovicell well developed.

The P roduc t ion of the F i r s t Brood of Secondary
E m b r y o s is at i ts H e i g h t .

Fig. 11, which shows a characteristic horizontal section of
a colony in this stage, has already been described (p. 94).
The fertile brown body still remains compact and conspicuous;
and it occurs in the immediate neighbourhood of the trumpet-
shaped aperture of the ovicell. During this stage it is, how-
ever, no longer found in the fertile zooecium, which in the
section drawn (fig. 11, z2) is seen to contain some secondary
embryos at its upper end. The cavity of this zooecium has
become continuous with that of the ovicell in the manner pre-
viously described (p. 87), and the brown body has passed out
into the cavity of the ovicell proper. The brown body still
forms a kind of centre from which the lobes of the embryo-
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phore start j and its position at the base of the aperture of the
ovicell materially aids in the discovery of that structure in the
series of sections.

The secondary embryos do not lie freely in the cavity of the
ovicell, but are still contained in a protoplasmic reticulum,
which is the modified embryophore. The latter has largely
increased in size with the commencement of embryonic fission,
and has become branched, its lobes extending round the zocecia,
which pass through the cavity of the ovicell (cf. fig. 6). The
general appearance of a young embryophore in this stage in
an entire colony is shown in fig. 12.

The most striking difference between the development at
this stage and that of Cr i s i a consists in the absence of the
primary embryo of the latter, and it often requires close exami-
nation to prove that fission is still proceeding in Stage G.
Such, however, is undoubtedly the case, although there is no
coherent primary embryo left at this period.

Fig. 37 illustrates the manner in which the number of second-
ary embryos is increased during Stage G. An embryo similar
to the smallest ones seen in fig. 11 is dividing transversely.
The external and internal layers, which are so characteristic a
feature of the Cyclostome embryo, are now well marked, and
the inner layers of the two halves of the dividing embryo are
completely separated from one another. The longest diameter
of the embryo figured is 56^.

In some colonies it is easy to demonstrate the occurrence of
this process, and there are many cases where its recent occur-
rence may be inferred from the fact of two small embryos lying
close together in a position which suggests that they have
recently separated from one another. It is obvious that if the
embryo shown in fig. 37 had been cut transversely to its longest
diameter it would have been by no means easy to be sure that
fission was taking place. Another difficulty in proving the
occurrence of this process is due to the fact that the normal
development of a secondary embryo which is not going to
divide further may, in section, appear very similar to the-divid-
ing embryos. The young definitive secondary embryo, which
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is destined to form a single larva, is a small ovoid mass of cells
consisting of a well-defined external layer and an equally
clearly defined inner layer. One wall of the embryo becomes
invaginated to form the larval " sucker" (cf. 6, pi. xxiv, figs.
22, 23). This process is seen to be taking place in some of
the embryos shown in fig. 11.

It is not always easy to distinguish between cases in which
the sucker is being invaginated and cases of embryonic fission.
One difference may, however, be pointed out between the two
processes. The imagination of the sucker never results in
the division of the inner layer of cells into two separate por-
tions, nor does this layer even appear divided in a section of
the embryOj Fission, on the contrary, results in the complete
separation of the inner layer into two halves, one of which
belongs to each of the products of division. In some cases the
ovicell contains larger and more irregular masses of embryonic
tissue. These probably give rise to more than two secondary
embryos.

I have satisfied myself of the normal occurrence of the
process of fission, as described above, in a number of colonies]
and I believe, that the process continues, in healthy colonies,
for a considerable time. I have not made preparations of
colonies of all the larger sizes; and I am not able to say what
is the upper limit of size reached during this stage. The
largest colony among my sections, in which the embryonic
structures are in Stage G, measures 1*60 mm. in diameter,
and the smallest measures '80 mm. I have, however, found
mature larvae in somewhat abnormal colonies which measure
only '56 mm. in diameter. The average diameter of fifteen
colonies measured is '93 mm.

Although the fertile brown body passes into the cavity of
the ovicell during this stage, it is still possible to obtain satis-
factory evidence of the identity of the fertile zooecium in well-
orientated horizontal sections. If an ordinary zooecium loses
its polypide without developing a new bud to take its place,
the previous existence of the polypide is shown by the occur-
rence of a brown body in the zooecium. There is no way by
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which the brown body can be got rid of except through the
agency of a new polypide. In the fertile zooecium, on the
contrary, tbe brown body passes upwards to the neighbourhood
of the orifice (beginning of Stage D), and the basal end of
the zocecium is left completely empty. In examining the base
of colonies in the later stages of embryonic development, one
of the oldest zooecia is usually found to be empty; and it may
safely be inferred, in most cases, that this was the fertile
zooecium. z1 commonly possesses a functional polypide even
during Stage G-; and either z2 or zs, as the case may be, is
usually in the same condition. The other one of these two is,
however, usually empty. In some cases the lower half of the
fertile zooecium is seen to be cut off from the upper by a
transverse septum, as described in Stage E (see p. 108). It is
probable that this is the normal arrangement, and that the
function of the septum is to restrict the embryos to that part
of the fertile zooecium which is on a level with the rest of the
ovicell.

The active production of secondary embryos during this
stage seems to have a well-marked effect on two sets of struc-
tures in the rest of the colony; namely, on the testes and on
the brown bodies.

Colonies which are in the earlier stages (A—C) have testes
in some of their zooecia in the great majority of cases. There
can be no doubt that the colony of L. ver rucar ia is ordinarily
hermaphrodite ; and, as we have seen, a testis may or may not
be present, with the embryo, in the fertile zooecium. Prouho
(18) has recorded some extremely interesting observations on
the succession of the polypides in Alcyonid ium d u p l e x ;
in which a polypide which produces spermatozoa degenerates
into the condition of a brown body, and is succeeded, as a
normal part of the life-history, by a polypide which produces
an ovary. It is quite possible that phenomena of an analogous
nature may occur in Lichenopor 'a , although the details are
obviously different. If continuous observations of the zooecia
of a young living colony could be made from day to day, it
might be possible to show that the apparent irregularity in the
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production of testes did really follow some definite law. The
only general statements that I can make are to the effect that
testes may be present during any of Stages A—G; but that
while they are normally present in the younger stages they
are much less common in the older ones. Thus of nineteen
colonies in Stage F , in which I have noted this particular
point, seven had well-developed testes, while twelve had none
at all, or only slight remains. In some cases in which no
functional testes occur in the colony, the former presence of
these bodies can be proved by the presence of their degenerat-
ing remains in the recently formed brown bodies. Of ten
colonies in Stage G, in which I have noted the presence or
absence of testes, only one had well-developed male organs;
while in nine none were present, or at most the last remains
of testes which had previously been active.

This seems to indicate that the energies of the colony are
given as much as possible to the production of embryos during
Stage G, and the development of spermatozoa is meanwhile
suppressed.

It has already been pointed out that the healthy development
of the embryos is dependent on the functional activity of the
polypides. Were these to degenerate to any great extent
during Stage G, it is probable that the development of the
embryos would be interfered with. This is borne out by the
examination of various colonies in which degeneration is
actually taking place, and even more strikingly by the character
of certain colonies in which the embryonic development has
clearly been modified by conditions of insufficient nutrition.
These are colonies in which all or most of the polypides have
degenerated. The ovicell should be in Stage G, and it has
actually succeeded in producing perhaps three to six mature
embryos. But instead of finding the ovicell crammed with
embryos of all ages intermediate between these and the youngest
secondary embryos, the ovicell contains nothing in addition to
the mature embryos except a very few small fragments of
embryonic tissue. It may be concluded that these are not
colonies in which the production of secondary embryos is
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approaching an end, from the fact that the ovicell is small and
the embryophore is compact and unbranched.

Some colonies in Stage G which have no polypides, or only
one or two polypides, appear quite healthy. It is probable
that in these cases the production of embryos would have soon
been injuriously affected, as a single polypide is probably
insufficient for the nutrition of a whole ovicell full of embryos.
This probability is increased when it is noticed, as is commonly
the case, that many of the remaining polypides have quite
recently degenerated; showing that the colony has had a full
complement of polypides up to a very recent period.

The interdependence of the development of the embryos and
the nutritive conditions of the whole colony is, however, no-
where more clearly shown than in the very remarkable fact
that a large proportion of the older colonies have no brown
bodies at all. A brown body is of course present in a zooecium
which has lost its polypide altogether, without developing a
bud to replace it. But most of the zocecia in a healthy colony
—during Stage G, for instance—contain a polypide without
any brown body. In the earlier stages, where the mass of
embryonic tissue present in the colony is very small, polypides
can degenerate, and new buds can develop to take their place
without materially affecting the health of the colony. And as
a matter of fact we do find that most young colonies contain
polypides, degenerating polypides, fully formed brown bodies,
and young polypide-buds, which are developing to take the
place of the old polypides.

Were any extensive degeneration of the polypides to take
place in any colony containing numerous embryos, it is
probable that the colony could no longer bear the strain of
producing its embryos. In a large proportion of the colonies
in Stage G, there is no trace of the complete degeneration of
polypides, there are no brown bodies, and there are no polypide
buds, either in new zocecia or in old ones. Even the increase
of the size of the colony, by the formation of new zocecia, thus
appears to be retarded during the height of the formation of
secondary embryos.



ON THE DEVELOPMENT OF LICHENOPORA VERRUOARIA. 129

I have formerly brought forward certain evidence (7) tending
to show that the formation of brown bodies is, to a large extent,
a kind of excretory process, and it would be surprising if
Lichenopora were altogether exempt from the necessity of
forming brown bodies, whatever their function may be. The
explanation of the apparent anomaly of the absence of these
structures appears to me to be that parts of the alimentary
canal degenerate during the functional activity of the poly-
pide. A newly formed polypide has the inner border of the
epithelial cells of its alimentary canal clear and sharply denned.
Parts of the alimentary canal of old polypides are in the same
condition, but certain parts of the csecum of the stomach are
in a very different state. The caecum is coloured during life
with the pigment which is so characteristic of parts of the
alimentary canal in Polyzoa. In sections these parts contain
a very small quantity of protoplasm, and consist principally of
yellowish granules which are very similar to the granules which
largely compose the brown bodies—that is to say, there is no
very great difference between the latter and those parts of the
alimentary canal which are pigmented during life. I believe
that this implies that excretory substaces accumulate in the
epithelium of the alimentary canal as the polypide grows older.
In the case of the younger colonies the entire polypide usually
atrophies in course of time ; but in the case of older colonies,
in which it is of the utmost importance that every zooecium
should be contributing its share towards the nutrition of the
ovicell, the excretory granules are discharged into the stomach
continuously during the life of the polypide.

The facts are that the alimentary canal of these polypides
usually contains solid substances which resemble fragments of
brown bodies—that certain parts of the epithelium have no
definite inner limit, but pass off into a cloud of granules which
extend into the alimentary canal, and that the polypides are
usually distinctly larger than those of young colonies. It is
not always easy to get polypides (in sections) which are well
orientated for the purpose of measurement; but the measure-
ments I have been able to obtain support the impression one
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receives from the inspection of colonies of different ages, that
polypides in old zooecia, which have no brown bodies, are dis-
tinctly larger than those commonly met with in younger colo-
nies in which brown bodies are present in the same zocecia.
The significance of the larger size of these older polypides is,
as I take it, that they have gone on growing after the time
when degeneration would have taken place in a younger colony.
The difference in the size of the polypides, at different ages of
the colony, becomes very apparent in comparing the size of
the brown bodies formed from their degeneration. The
diameter of the fertile brown body in young colonies is about
•05 mm.; that of a fertile brown body belonging to a later
generation (fig. 36), and formed in colonies in which large
polypides are present, may be as much as f09 or '10 mm.

It is not always easy to decide, in a given case, whether the
appearance of the alimentary canal implies the passage of a
regular brown body into the canal or the partial degeneration
of part of the epithelium. I have no doubt that the old brown
bodies may be removed by passing into the alimentary canal of
the newly formed polypide, as in F l u s t r a and some other
Polyzoa. Although one or even two brown bodies may occur
in a single zocecium of L i c h e n o p o r a ve r ruca r i a , I do not
think I have ever found more than two; and in most cases
where a polypide has recently degenerated, one does not find
an older brown body as well, even though the age of the colony
makes it certain that there has been an older brown body. In
some of these cases it is probable that the old brown body
fuses with the degenerating polypide; but in others it may be
that the old brown body has passed into the alimentary canal
before the degeneration of the polypide again takes place.
Some of my sections indicate the occurrence of this process,
and the brown body seems to become attached to the wall of
the stomach, and finally to pass into it. Nuclear structures
and other parts of the brown body may in these cases occur
freely in the lumen of the alimentary canal. Even without
actual evidence of this kind it would almost be necessary to
assume that this takes place; for in no other way do I see any
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explanation of the total absence of brown bodies in old zocecia.
In L. h i sp ida the alimentary canal probably does not absorb
the brown body, since a considerable number of old brown
bodies occur in the proximal parts of the zooecia (cf. p. 97).

The old polypides are not merely different in size from the
young ones, but their several parts may be very differently
arranged, during the retracted condition at least. The polypide
of young colonies is like that of many other Polyzoa,—e. g.
that of Alcyonid ium as figured by Prouho (18, pi. xxiii,
fig. 3). The short pharynx lies in the same line as the ten-
tacles, and from its lower end a long oesophagus passes upwards
(parallel with the tentacles) to open into the stomach (cf. fig. 19).
The intestine and rectum continue the direction of the oeso-
phagus, while the caecum hangs down into the body-cavity
parallel with the oesophagus. The apex of the caecum is formed
of more protoplasmic cells, but its sides contain the yellow
granules which have already been mentioned. In the poly-
pides of old colonies the whole of the caecum is much swollen.
Its apex has not altered its place, as is shown by the position
of the group of protoplasmic cells. The upper end of the
stomach or the region of the intestine is, however, commonly
bent, so that the intestine and rectum may be directed down-
wards (away from the orifice of the zocecium). The walls of
the caecum are at the same time greatly swollen and very
granular. The lumen may be in places quite obliterated; and
in any case, parts of the wall have no sharp inner boundary.
The epithelium here shades off quite gradually into the granular
contents of the stomach. This might be ascribed to defective
preservation, were it not for the fact that other parts of the
same sections are well preserved. But since, in many cases,
no polypide-buds are being formed, and since none of the
zocecia are losing their polypides, I believe that this is an
arrangement by which none of the zocecia are rendered in-
efficient for nutritive purposes during the time at which there
is the greatest strain on the energies of the colony.

The phenomenon which has just been described appears to
be characteristic of old colonies (Stage G and later stages), but
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it is by no means restricted to these. Brown bodies are absent
in a considerable number of colonies in Stage F , and rarely in
earlier stages, sometimes occurring even in quite young
colonies.

Whatever the fate of other brown bodies, the fertile brown
body always occurs in a normal colony. I have not examined
many colonies larger than 1'5 mm. in diameter, and I cannot
say how long this structure remains compact. In one colony
I found a fertile brown body which had almost divided into
two, and I have also noticed a brown body of the second
generation of embryos divided into a considerable number of
fragments which are contained in the embryophore. In all
the colonies I have examined in Stage G the fertile brown body
is still compact.

The Occurrence of Second Broods of Embryos.

My observations on this part of the development are very
incomplete, but I have noticed one or two facts of interest.
There is no doubt that new broods do make their appearance
in old colonies, and this may possibly indicate a second year's
growth (cf. p. 89). That we are not here dealing with the
first brood is shown by the large size of the colony, and by the
fact that it possesses a large ovicell, which, however, contains
no embryos.

I have not traced the first origin of the new brood of embryos.
Fig. 36 is from a colony 2'2 mm. in diameter. No other pri-
mary embryo was found. Most of the polypides had enormous
testes, and a few had egg-cells in-a corresponding position
near the apex of the caecum. The embryo is carried by an
embryophore supported by a fertile brown body, and corre-
sponds in general with Stage D or E of the first brood. I have
not been able to obtain a stage intermediate between the
occurrence of eggs at the lower end of a polypide and the
section figured. It does not appear to me probable that a
normal suspensor is formed. The cells which surround the
embryo are exceedingly loose and scanty, and the part of the
embryophore between the brown body and the embryo is short
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and has but few nuclei. It seems to be growing down from
the brown body to enclose the embryo. The very large size
of the brown body is at once apparent and judging by the
condition of the other polypides of the colony it may be inferred
that it has been formed by the degeneration of a large polypide
(cf. p. 130). The investment of the brown body is well deve-
loped, highly protoplasmic, and full of nuclei.

Another old colony in which I have found the same pro-
cesses taking place measured 3*4 mm. Its ovicell was well
developed, and the polypides and testes were large. The ordi-
nary zocecia were not accompanied by brown bodies, and no
eggs were found. In this case I discovered no less than eleven
primary embryos, each of which was contained in an embryo-
phore supported by a large fertile brown body. The evidence
given by these cases is quite concordant. The brown body is
as characteristic a feature of the second generation as it was
of the first, and its presence indicates that the primary embryo
is developed in relation with a polypide. Moreover the space
in which the embryophore of fig. 36 lies is clearly a zocecium.
One of the eleven embryos of the larger colony has already
given rise to a good many secondary embryos, and its brown
body is broken up into fragments. The other ten have a com-
pact brown body, and are in a condition which exactly corre-
sponds with Stage F of the first brood. In all these primary
embryos, fission has commenced and is going on vigorously. In
one case the embryophore is beginning to grow out of the
space in which it was produced into the general cavity of the
ovicell.

The later development of the primary embryos of the second
brood is thus identical with that of the first brood, but it is
probable that the details of the early development are some-
what different. One of the noteworthy features of the case
is the large number of zocecia which may become fertile in a
single colony.

I have unfortunately no other observations on this interesting
part of the life-history of L. ver rucar ia . From the great
clearness of the embryo in all the cases observed, it is quite
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possible that the earlier processes of the development would be
more easily made out in the second brood than in the first
brood.

General Conclusions.

The only genus with which L ichenopora can be compared,
as regards the embryonic development, is Cr is ia . In no
other case have the early processes been described at all.

In Cris ia certain zooecia take on the character of ovicells.
A polypide-bud makes its appearance in the young ovicell
while the latter is at the growing-point of the branch, and is
not externally marked out in any way as an ovicell. The bud
becomes connected with an egg, and develops a tentacle-sheath
which shows it to be a modified polypide. The greater part of
the bud, however, forms what may now, on the analogy of
Lichenopora , be termed an embryophore ; and in this struc-
ture the embryo develops and undergoes its fission. There is
no fertile brown body; and the ovicell is recognisable exter-
nally as a structure which looks like a zocecium that has been
inflated.

While the ovicell of Cr is ia is thus clearly a modified
zocecium, which develops a polypide-bud in the ordinary way
at the growing-point, the morphology of the ovicell of Li chen-
op or a is more obscure. There is no doubt that the embryo is
formed in a zocecium; but it is formed in a fully developed
zooecium •which probably is normally tenanted by two succes-
sive polypides. Each of these becomes a brown body in turn,
the second brown body fusing with the first to form the charac-
teristic fertile brown body. The exact origin of the embryo-
phore is not as clear as it was in Cr i s i a ; but there is nothing
to show that it is morphologically a bud. The later history is,
however, not dissimilar. The embryophore becomes vacuolated,
and in the vacuoles so formed the secondary embryos are later
found. Certain differences in the details of the embryonic
fission have already been pointed out. The fertile zooecium
becomes occluded, and its cavity then becomes continuous with
a series of alveoli or interzooecial spaces, which occur between
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the upper ends of the zooecia. The ovicell is increased in size
by the addition of fresh alveoli.

What, then, is the morphology of the ovicell ? Are we to
regard it as formed by the fusion of a number of zooecia, repre-
sented by the constituent alveoli ? Or, is the ovicell a highly
modified zooecium, or two zocecia in cases where two zooecia are
originally fertile ? Or, lastly, is no direct comparison possible
between Cris ia and L ichenopora in respect of their
ovicells ? The last question may probably be dismissed with
the reply that the fundamental process of embryonic fission,
and the character of the etnbryophore, are so similar in the
two cases that the ovicells must be regarded in general as
homologous structures. An objection to considering the alveoli
to be suppressed zocecia is to be found in the fact that the
zocecia reach the basal lamina of the colony, and the alveoli
do not. This has previously been correctly pointed out by
Smitt (20). The alveoli do not, moreover, develop a polypide
bud at any period.

We must not lose sight of the fact that Cr i s i a and L i cheno -
pora are two very widely separated genera. It would not,
indeed, be easy to choose any other pair of recent Cyclostomes
which would be less nearly related to one another. More light
will probably be thrown on the morphology of the ovicell of
Lichenopora by the examination of genera which are less
different from Crisia .

I have obviously been fortunate in being able to study the
ovicells of L. ve r rucar ia . Waters has more than once
(24, 26) alluded to the importance of examining the ovicells
of this genus, and has stated that in some species " large
numbers of specimens may be examined without any ovicell
being found." Whether this is due to the absence of the
ovicells in these cases, or merely to the difficulty of recognising
them, I have no means of deciding. But it must be expressly
noted that Waters states (24, p. 261), in describing L. novae-
zelandise, Busk, that "where there is no ovicell the zooecial
tubes run into the centre, the central depression forming an
inverted cone without cancelli;" and a similar statement is
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made on the next page for L. g r ignonens i s , Busk. Waters
unfortunately does not figure any of these specimens with a
depressed centre and without cancelli; but these features
certainly point to the conclusion that no ovicell is present.
Waters' statements are in strong contrast with my own results
on L. ver rucar ia , in which the ovicell is potentially present,
as shown by the alterations in the fertile zocecium in most
colonies which consist of no more than four or five, or even
three zocecia; and it is actually present and recognisable from
the outside in al l colonies which have reached a slightly later
stage.

It would no doubt be going too far to assume that what is
true for L. v e r r u c a r i a necessarily holds for other species of
L ichenopora . I am not at present able to make an inde-
pendent examination of other species; and although the ovicells
of some of them have been described by Waters (24, 26) and
others, the descriptions refer almost entirely to the external
form, and 1 can find practically no points of comparison which
assist in forming a conclusion as to the morphology of the
ovicell. Waters in one place (25, p. 277) alludes to a feature
which may have some relation with some of the phenomena
described above in L. ve r ruca r i a . Speaking of H o r n e r a
( " I d m o n e a " ) f i ssura ta , Busk, Waters states that he could
not discover any opening to the ovicell, but that one of the
lateral zooecia was much larger than the others, and it appeared
that this change was " connected with the functions of the
ovicell." In each of the ovicells subsequently examined by
Mr. Kirkpatrick one or two zooecia in proximity to the ovicell
were enlarged and altered in direction. It would be interest-
ing to know whether the enlarged zocecium in this case had
any resemblance to the fertile zocecium in L. ver rucar ia .

The ovicell seems to be practically identical in all species of
L ichenopora in which it has been described. It always
forms an inflated area between the upstanding zooecia, and it
is usually known to occupy the centre of the colony. In some
species it is extremely difficult to recognise the ovicell at all.
I cannot help suspecting that the ovicell normally develops at
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an early stage in most, if not all, of the species of Licheno-
pora, and that the presence of cancelli between the rows of
zocecia is an indication that the ovicell is developing, even
though no other evidence is obtained of its presence.

There afe, however, other genera of Cyclostomata in which
the ovicell is of a simpler character than in L ichenopora .
Thus in D i sco tub ige ra l i n e a t a , MacG., as figured by
Waters (26, pi. xv, fig. 5), the ovicell is a lobed structure
which extends over a comparatively small area of the discoidal
colony near its margin. It opens by a single aperture to the
exterior. A similar form of ovicell occurs in the genus Dias to -
pora. It appears to me that these ovicells resemble those of
Liche nopora reduced to simpler terms, and they are, perhaps,
to some extent intermediate between the two genera which I
have specially studied. Taking into account the origin of the
ovicell in L ichenopora from an ordinary zocecium, the fact
that the ovicell of Cr is ia is demonstrably a modified zocecium,
and the existence of intermediates between these two extremes,
I venture to suggest that that of L ichenopora is also to be
regarded as formed by the modification of a zocecium. The
fertile zocecium is prevented by the position which it occupies
near the centre of the full-grown colony from expanding at its
basal end. Expansion of some kind is necessary, in order to
provide room for the swarm of secondary embryos; and if there
is anything in this suggestion, it may be supposed that the
significance of the process is that the fertile zocecium has
become swollen at its upper end. Instead of growing out as
a free appendage of the colony, the swollen part has applied
itself to the upper surfaces of the zocecia, and has filled up all
the spaces intervening between the zocecia. The result is the
same as if the ovicell had become amoeboid, its pseudopodia
extending between the zocecia, embracing them, and anasto-
mosing on the further 6ide of each. In the cases where two
or more zocecia become fertile, the ovicell may be regarded as
being composed of as many original zooecia.

The actual formation of the ovicell, by the formation of the
alveoli and their subsequent fusion with one another, is of
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course somewhat different from this hypothetical process; but
I claim to have established the facts (1) that the processes
which precede the formation of the ovicell take place in a
fertile zooecium, and (2) that the development of the cal-
careous roof of the ovicell starts from the region of the orifice
of the fertile zooecium.

It remains to be seen whether the ovicells of such genera
as H o r n e r a , D ia s topora , Tubu l ipo ra , and I d m o n e a fit
in with this idea ; and I hope to have an opportunity of making
a more extended study of this question.

Next to the demonstration of the occurrence of embryonic
fission, a process which had been previously proved for Cris ia ,
the most striking fact which I have succeeded in establishing
is the restriction of the production of an embryo to one or two
of the oldest zooecia in the normal development.

Even the second brood of embryos is really dependent on
this function of the fertile zooecium, or zooecia, of the first
generation j for they are nourished in the ovicell which was
developed in connection with the primary fertile zooecia. In
the great majority of colonial animals a large number or all
of the individuals of the colony become fertile. The phe-
nomena which occur in L i chenopora are perhaps due to the
fact that the colony in this genus is to be regarded as an
individual of a higher order. The discoidal form and the close
association of the zooecia have produced the result that the
colony behaves in this respect as if it were a single individual.
The production of fertile eggs is thus limited to one or two
individuals, and in fact to one or two of the zooecia which are
first formed as buds from the primary individual of the colony.
In the case of Cris ia , where the association of the different
zooecia is much less intimate, a considerable number of the
individuals of a colony may become fertile. Here, however,
there is something analogous in the behaviour of the inter-
nodes, each of which in the great majority of species normally
produces no more than a single ovicell.
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DESCRIPTION OF PLATES 7—10,

Illustrating Mr. Sidney F. Harmer's paper " On the Develop-
ment of Lichenopora verrucaria, Fabr."

All the figures refer to Lichenopora verrucaria, Fabr. Slight varia-
tions in the position of tlie camera lucida are responsible for tlie fact that they
are not absolutely drawn to scale. All the figures on Plate 7, and figs. 12,
13, on Plate 8, were drawn with Zeiss A. Figs. 11, 14, and 17 were drawn
with Zeiss C, and the others with Zeiss F.

PLATE 7-

FIG. 1.—Two views of a very young left-handed colony (diameter "18 mm.).
1, 2, and 3 are the first three zooacia.

FIG. 2.—Somewhat older left-handed colony (diameter -30 mm.) seen from
above.

FIG. 3.—Left-handed colony with four zooecia (1, 2, 3, 4). (Diameter
•48 mm.; extreme length, '64 mni.)

FIG. 4.—Right-handed colony with seven complete zocecia. The proximal
lip of the colony is beginning to grow towards the disc (broken), and the
commencement of two new zocecia can be seen in the space between the first
three zooecia (1, 2, and 3). (Diameter -59 mm.)

FIG. 5.—Colony in which the roof of the ovicell is developing. The colony
is probably left-handed, with occluded z3. The aperture of the ovicell is not
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yet completely formed. The proximal edge of the basal lamina has nearly
reached the disc. (Diameter, 1/18 mm.)

FIG. 6.—Thick radial section of part of an old colony, showing the relations
of the ovieell to the zocecia. (Diameter of the right-hand zooecium, outside
the ovieell, = '192 mm.)

FIG. 7.—A fully developed discoidal colony (diameter 1-92 mm.). The ovi-
eell is obviously composed of a number of alveoli. The colony is probably
left-handed, with occluded z2, some indication of which can probably be seen
just beneath the single aperture of the ovieell. The zocecium to the left of
the latter and above it is probably z3.

FIG. 8.—Two zooecia from a very old colony, with secondary thickening.
The porous roof of the ovieell is seen at the bottom of a set of honeycomb -
like spaces, the so-called " cancelli;" some of these are covering the bases of
the zooecia, and in the left-hand zocecium these are entirely or partially roofed.
Two of the blister-like swellings thus formed have part of their roof still
uncalcified. (Diameter of zocecia '14 mm.)

FIG. 9.—From another old colony. The alveoli are still distinctly visible,
and the caucelli are commencing in the iuteralveolar grooves, or at the base
of the zocecia. The left-hand zocecium is closed by a porous calcareous cap.
(Diameter of zocecia '13 mm.)

PLATE 8.

(N.B.—The measurements given below [except for figs. 12, 13] were made
from the sections.)

FIG. 10.—Part of a longitudinal section through the fertile zocecium (P z3)
of a colony, *67 mm. in length, with about nine fully-formed zocecia. The
elongated structure to the right of the fertile brown body is the embryophore.

FIG. 11.—Section (diameter "80 mm.) of a colony with fully formed ovieell.
The section is parallel to the flat surface of the plano-convex colony, and cuts
the convex side near its upper surface (cf. fig. 6). The only zocecia seen in
the section are thus the more centrally placed ones, z2 was presumably the
fertile zocecium, as it is empty basally, and contains secondary embryos, at its
upper end. The fertile brown body has passed into the ovieell. z3 also con-
tains secondary embryos, but has a brown body basally, and was probably
occluded without being fertile. The secondary embryos are contained in the
" embryophore," whose lobes extend, in the cavity of the ovieell, between the
zocecia. The zocecium A contained a brown body lower down.

FIG. 12.—Entire colony (diameter 1'41 mm.), stained and mounted in
Canada balsam. The shaded part shows how much of the ovieell is com-
pletely roofed. The alveoli which are still unroofed are not specially indicated.

• The ovieell has an aperture, at the base of which is the fertile brown body.
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The embryophore is younger than in fig. 11. Parts of the zocecia which are
seen either through other zocecia or through the roof of the ovicell are indi-
cated by dotted lines. The colony is left-handed, z3 is occluded (and was
obviously fertile), and would hardly have been visible at all in a dry
preparation.

FIG. 13.—Occlusion of the fertile zoaecium in a left-handed colony (diameter
*88 mm.). The roofing of the ovicell has only just commenced, as a calcareous
film starting from the outer border of z2, and sweeping inwards in such a way
as to leave z2 open to the cavity of the ovicell. Although the figure is from a
dry mount, the remains of the fertile brown body (not shown in the figure)
are visible through the opening into z2.

FIG. 14.—Part of the growing edge of an adult colony, more highly magni-
fied, showing the way in which new zooccia are formed, and representing
various stages in the development of the alveoli. See also pp. 81, 84.

(Pigs. 15—35, and Fig. 37, refer to the development of the first brood
of secondary embryos.

PLATE 9.

FIG. 15.—-A polypide-bud with an egg. One other bud in the same colony
had an egg in a similar position.

PIG. 16.—From a colony, "48 mm. long, consisting of three zooecia. One
or two egg-cells were discovered in z1, as well as in the zooecium (z3) drawn.

FIG. 17.—Horizontal section of a colony, '43 mm. long and -25 mm. broad,
consisting of three complete zocecia only.

PIG. 18.—Part of the left-hand zooecium (? z3) of the last figure, more
highly magnified. The egg measures 12-8 /* ( = '0128 mm.).

FIG. 19.—Prom a colony consisting of three mature zocecia. Development
of the egg has commenced, and the follicle is becoming definite. The heads
of mature spermatozoa are seen in the body-cavity.

PIG. 20.—From a colony consisting of three mature zocecia. The follicle
is more developed, and the suspensor has become a definite structure.
(Diameter of the embryo, 11*2 /*.)

FIG. 21.—From a colony, -40 mm. long and "21 mm. broad, consisting of
three mature zocecia. The follicle is cut transversely, and the embryo is in
about the same stage as that of Fig. 19.

FIG. 22.—From a colony consisting of four mature and one half-grown
zooecium. The suspensor is not yet clearly formed.

PIG. 23.—From a colony, '53 mm. long and "32 mm. broad, consisting of
five mature zooecia. The figure is combined from three sections of the
ocecium, the fertile brown body being projected on to the rest of the drawing.
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The suspensor and the cells which surround it are closely connected with a
mass of cells, A, which form part of the investment of the brown body.

FIG. 24.—Embryophore from a colony €48 mm. long and *45 mm. broad.
(Length of suspensor, 41-6 p ; transverse diameter of embryOj 20'8 /*.)

FIG. 25.—Showing the abnormal development of two embryos within the
same embryophore. From a colony -56 mm. long, consisting of five mature
zocecia. •

FIG. 26.—Umbryo (Stage D) from a colony '56 mm. long and '37 mm.
broad, consisting of five zocecia. The outer layer of nuclei is unusually
distinct.

FIG. 27.—From a colony '69 mm. long and "51 mm. broad, consisting of
about twelve mature zocecia. The fertile polypide has degenerated, and the
brown body has approached the orifice of the zocccium. The embryo is
28 fi long, and the leDgth of the entire embryophore with the brown body is
•93/*.

PLATE 10.

FIG. 28.—From a younger colony, "43 mm. long and "37 mm. broad, con-
sisting of six mature zocecia. The brown body has not yet reached the orifice
of the zooecium, and development is consequently not quite so advanced as in
Fig. 27.

FIG. 29.—From a considerably older colony, '56 mm. broad. The upper
end of the embryophore had met the orifice, as in Fig. 27, and evidence was
obtained that the zooBcium was occluded by a membrane stretching across the
orifice. Length of the embryo 70 /*.

FIG. 30.—(Stage E.) Obliquely longitudinal section through the embryo-
phore of a colony '62 mm. broad. The upper end of the figure was turned
towards the brown body. Diameter of the embryo 304 ft.

FIG. 31.—Embryo from a colony -83 mm. broad. The occurrence of the
split-like spaces s, and the arrangement of the inner mass of nuclei indicate
that embryonic fission is about to commence. Longest diameter of embryo
45'6 /i.

FIGS. 32 and 33 are consecutive transverse sections of the larger portion
of an embryo at the beginning of its fission. From a colony -93 mm. broad,
containing two fertile zocecia. The longest diameter of the embryo is "68 p.
A smaller piece of the embryonic tissue, not shown in the figures, is already
completely separated from the portion drawn.

FIG. 34.—Transverse section of the older embryophore from a colony
(•86 mm. broad) containing two fertile zocecia. Embryonic fission is actively
proceeding. The diameter of the giant-cell A is 176 /*, and that of its
nucleus is 9-6 ft.
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FIG. 35.—Longitudinal section of the etnbryophore, with actively dividing
primary embryo. The brown body is not seen in this section, but would have
come at the upper end of the figure. From a colony "53 mm. long.

FIG. 36.—Longitudinal section, of a young embryophore belonging to a
second or later generation. The brown body is conspicuously larger than that
of the corresponding stage (Pig. 28) of the first generation. The embryophore
lies in a space which is clearly a zocecium. (Diameter of the colony 2-20 mm.
Length of the embryo plus the embryophore 167'2 /u. Longest diameter of
the brown body 83-6 ft; of the embryo, 36 ft.)

FIG. 37.—Showing the fission of a young secondary embryo, belong-
ing to the first brood. From a colony '93 mm. long and '88 mm. broad,
similar to that shown in Fig. 11. The longest measurement of the dividing
embryo is 56 ft.
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