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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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