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Ta1s paper will be followed by a further memoir, which will
treat of the development of the ovicells and of the embryos in
Crisia. I have already published a preliminary note! on this
subject, and I hope to be able to complete the preparation of
the more detailed paper without much delay.

It has often been pointed out that the subdivision of the
Cyclostomatous Polyzoa into genera and species is attended
with peculiar difficulties. The character of the zoecia remains
remarkably constant throughout this group, the systematic
study of which is not facilitated by the presence of subsidiary
structures, such as the opercula, avicularia, and vibracula,
which in the Cheilostomata form so valuable a means of
distinguishing the species.

The task of finding satisfactory specific characters within the
limits of the genus Crisia is not less difficult than in other
genera of Cyclostomata, as is seen clearly enough by
examining the numerous works which have already been
devoted to this genus. Smitt, for instance, in his critical
analysis of the Scandinavian forms, has asserted that the
delicate C. geniculata is connected by a continuous series of
intermediate forms with the coarse form which he calls C. denti-
culata, and which ke regards as the extreme point which has

!+ Proc. Cambridge Philosoph. Soc.,” vol. vii, part 2, 1890, p. 48.
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been reached in the evolution of the genus. In his later works
he consistently refers to the latter “species” as Crisia
eburnea, forma denticulata, and is of opinion that the
““ species ”’ recognised by other authors are, for the most part,
merely partially fixed pointsin a continuous series. Most other
writers, on the contrary, regard these forms as so many distinct
species.

In many of the characters used for distinguishing the several
species of Crisia from one another—such as the mode of
branching, the number of zocecia in an internode and their
individual shape, the position of the ovicells, &c.—each species
may vary within wide limits about a certain average. The
most satisfactory specific characters appear to me to be fur-
nished by the ovicells; and in this respect I am only confirming
the results previously arrived at by Waters! for other Cyclo-
stomata. Indeed, I believe that in many cases the species
cannot be certainly identified unless ovicells are present.
Unfortunately, in the great majority of works referring to
Crisia, the information given with regard to these structures
is of the most unsatisfactory character. Many writers, for
instance, have mentioned the existence of ¢ pear-shaped”
ovicells in certain species; but this character is of generic
much more than of specific importance, and the same remark
might be made with regard to many of the other characters
which have been ascribed to the different species.

The importance of the form of the aperture of the ovicell,
as a specific character, has almost entirely escaped the notice
of previous writers.> Busk® has merely stated that the existence
of a tubular aperture on the ovicell is a generic character of
Crisia,

1 ¢ Quvicells of Cyclostomatous Bryozoa,” ‘Linn. Soe. Journ. Zool.,’
vol. xx, p. 275, and in other places.

* Waters has, however, called attention to the importance of this character
in several works. See ¢Quart. Journ. Geol. Soc.,” vol. xl (Nov., 1884),
p. 676.

® «“ Report on the Polyzoa,” Second Part, ¢ “Challenger” Rep., Zool.,’
vol. xvii, part 50, p. 2.
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A comparison of the ovicells (and especially of their aper-
tures) of various forms of Crisia has led me to the conclusion
that the British fauna includes more species of that genus than
are usually recognised. Although the constant occurrence of
a particular form of ovicell might possibly be explained by the
assumption of a definite correlation between the variations of
the zocecia and of the ovicells (the ovicell being regarded as a
modified zocecium), I do not think that this would give a suffi-
cient explanation of the facts. I find, indeed, that the essential
characters of the ovicells are extremely constant, in spite of
the occurrence of variations of no inconsiderable magnitude in
other parts of the colony.

The following specific diagnoses, which are necessitated by
the results which I have arrived at, have been drawn up
on the model of those given by Hincks in his well-known
¢ History of the British Marine Polyzoa.” New lists of synonyms
appear to me to be also necessary, in spite of the recent appear-
ance of Miss Jelly’s admirable catalogue,’ to which T must
cxpress my great indebteduess. My lists do not profess to be
more than a selection of those works in which particular
speeies have been described or figured in sufficient detail to
make their identification fairly probable. In many cases I have
been obliged to give up the attempt to identify the species to
which the description refers,

C. denticulata, Lamarck. Plate XTI, figs. 1—8.

Zoarium large, erect, of rather straggling habit; the
average height of well-grown colonies about one inch; the
branches well separated from one another, and with very
little tendency to curve inwards. Internodes broad and
flattened, but usually with a slight convexity running longi-
tudinally along their anterior face, frequently with a double
curve of such a character that if the lower part of the
internode is convex towards the right side (e. g.) the upper

1 B. C. Jelly, A Synonymic Catalogue of the Recent Marine Bryozoa,’
London, 1889.
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part is convex towards the left side; in most cases with an
odd number of zocecia, the dominant number of which
appears to be 11. Branches arising fairly high in the inter-
node, usually from the 3rd, 4th, or 5th zocecium of either side ;
nearly always given off in perfectly regular alternation on
opposite sides of the axis. Eachinternode with an odd number
of zocecia is normally provided with a single branch, while the
even-numbered internodes are, with rare exceptions, branch-
less. Joints of the zoarium and of the rootlets nearly always
jet-black, except in the youngest parts of the colony. Basis
rami situated very low down on the zocecium, and appearing as
if wedged in between the zoecium which bears it and the next
zocecium below it on the same side. Zocecia entirely adnate
with the exception of a short portion, of variable length, which
bears the aperture, and which is bent forwards; a pointed pro-
jection sometimes occurring at the outer and upper angle of
the aperture. Ovicell large, always high in the internode,
usually near the end of a branch, and, like the zocecia, more
thickly covered with pores than in the other British species ;
its aperture inconspicuous, not borne on a prominent tube.
Rootlets usually with black joints, which occur at more fre-
quent intervals than in C. ramosa. (See also measurements
on p. 177.)

C. luxata.—
(1) FremiNG.—* Hist, of Brit, Animals,” Xdinburgh, 1828, p. 540.
(2) Coucn.—* Cornish Fauna,’ part iii, Truro, 1844, p. 99, pl. xviiy, fig. 3.
C. denticulata.—
(3) H. MiLve-Epwarps.—* Mém. sur les Crisies,” ¢ Aun, Sci. Nat.,’
2e sér., * Zool.,” tome ix, 1838, pl. vii, fig. 1.
(4) JomystoN.—* Brit. Zoophytes,” 2nd ed., London, 1847, p. 284, pl. |,
figs. 5, 6.
(5) Carus,—*Prodromus Fauns Mediterranes,’ vol. ii, Stuttgart, 1889,
p. 39,
C. denticulata (pars).—
(8) Busk.—*Cat. Marine Polyzoa Brit. Museum,’ part 3, 1875, pl. iv,
figs. 1—4.
(7) Hivcks.—¢Hist. Brit. Marine Polyzoa,” London, 1880, p. 422,
pl. Ivi, figs. 7, 7a.
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C. eburnea, Linn, Plate XII, fig. 6.

Zoarium forming dense tufts, usually attached by a single
stem, the base of which does not, in most cases, develop many
rootlets ; the average height of well-grown colonies from 4 to
# inch ; the branches characteristically curved inwards. Inter-
nodes usually short, somewhat flattened ; in most cases with
an odd number of zocecia, the dominant numbers being 5 and
7. Branches generally arising from the lowest zocecium in
an internode, sometimes higher up; one branch is normally
developed from each odd-numbered internode, even-numbered
internodes being ordinarily branchless. On the main stem
or the principal branches, the branches come off in regular
alternation on opposite sides: nearer the growing-points, they
are arranged in compound helicoid cymes, of the formulal—

(z+ )+
=@+ ) +
= (n + ) +
&e.

Joints yellow, or colourless near the growing-points, some-
times becoming dark brown in the older parts of the colony.
Basis rami short, not wedged in between two zowecia. Zocwcia
almost entirely adnate, the upper portion, which bears the
aperture, free, bent forwards nearly at right angles to the lower
part; frequently a conspicuous pointed process on the outer
side of the aperture. Ovicell large, curved inwards, usually
replacing the second, or, less often, the third zocecium of an
internode; its aperture conspicuous, elongated from side to
side, borne on a very distinct tube, which is wider at its base
than at its summit. Rootlets usually developed in very small
numbers. (See also measurements on p. 177.)

C. eburnea.—
(4) JomnsToN.—P. 283, pl. |, figs. 3, 4.
(6) Carvus.—P, 38.

1 This method of representing the branching is explained on p.146. In
the above formula = would usually be 5, less often 7 or higher numbers.
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(8) Surrr.— Om TIafs-Bryozoernas utveckling och fettkroppar,”
¢ Ofvers. af K. Vet.-Akad. Férhandl. 1865, No.1, p. 9, pl. i,
figs. 15—18.
C. eburnea (pars).—
(9) Smrrr.—* Krit. forteckn. Gfver Skandinaviens Hafs-Bryozoer,” I,
¢ Ofvers. af K. Vet.-Akad. Forhandl.,” 1865, No. 2, pl. xvi, figs.
10, 11, 13—19.
(8) Busk.—PL i, figs. 1, 2; pl. v, figs. 1, 2.
(7) Hincrs.—P. 420, fig. 21 (p. 416).
C. eburnea, forma eburnea.—
(10) SmrrT.—* Bryozoa marina in regionibus arcticis,” * Ofvers, af K.
Vet.-Akad. Forhandl.," 1867, No. 6, pp. 444, 461.
(11) Smrrr.—* Recensio Syst. Bryozoorum Novaja Semlja,” ibid., 1878,
No. 3, p. 12.
(12) Smrrr.— Recensio Bry. e mari arctico,” ibid., 1878, No. 7, p. 23.
(18) Freese.—* Beschr, Ostsee Bryozoen,” ‘Arch. f. Naturg., 54,
Jahrg., Bd. i, 1888, p. 31, pl. ii, fig. 18.

C. aculeata, Hassall. Pl XII, fig. 4.

Zoarium of very delicate habit, resembling that of the next
species, from which it may be distinguished by its much
slenderer appearance; the average height of well-grown
colonies from 4 to £ inch, the branches with very little ten-
dency to curve inwards. Internodes usually short, often
consisting of five or seven zocecia ; but much longer internodes,
with more numerous zocecia, may occur, especially at the ends
of the branches. Branches usually arising from the 1lst or
2nd zocecium of either side of an internode, but sometimes
(especially in the case of internodes near the ends of the
branches) higher up: an internode (especially a peripheral one)
may bear two or more branches. In nearly all colonies, in
addition to the ordinary branches, some of the internodes bear
long, jointed spines, which are curved inwards over the anterior
side of the branch ; these spines are most often developed from
the lower zocecia of an internode, or at the apices of the
terminal internodes. Joints yellow, or colourless near the
growing-points. Basis rami usually short, not wedged in
between two zoeecia. Zocecia with a conspicuous, free, tubular
portion, bearing the aperture; this portion is curved forwards,
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but not as in the last species ; it is usually lost in the zocecia of
the lower parts of the colony. Aperture circular, with no pro-
jection on its outer side. Ovicell small, fairly high in the
internode, prominent near its upper end, and falling away very
suddenly to the aperture, which lies on the surface of the
zocecium next above the ovicell on the same side of the
internode ; this zoecium curves round the back of the ovicell,
and always acquires acharacteristic relation to the aperture of the
latter ; this aperture is inconspicuous, and is never borne on
a distinct tube. Rootlets resembling those of C. ramosa,
(See also measurements on p. 177.)

C. aculeata.—
(14) Hassair.—* Cat. of Irish Zoophytes,” ‘Ann.and Mag. Nat, Hist.,
vol. vi, 1841, p. 170, pl. vij, figs. 3, 4.
(15) Supp. to ¢ Cat.,” ibid., vol. vii, 1841, p. 366.
(4) JomNnsTON.—P. 285.
(18) Smirr.—** Bidr. till kénon, om Hafs-Bryozoernas utveckling,”
* Upsala Univ. ﬁrsskrifry,’ 1863, p. 3.
Smitt agrees with van Beneden (20) in stating that the ovicells are
completely closed.
(17) Jorier.—* Cont. & P’hist. Bryozoaires, Cotes de France,” ¢ Arch.
Zool. Exp. et Gén.,” vol. vi, 1877, p. 286.
C. eburnea, var. aculeata.—
(8) Busk.—P, 4.
(7) Hincks.—P. 421, pl. lvi, figs. 5, 6.
(18) Jurtren.—< Liste des Bry. rec. & Etrotat,” °Bull. Soc. Zool.
TFrance,” t. vi, 1881, p. 14.
(19) Vine.—*Rep. on Recent Marine Polyzoa,” *Brit. Association Re-
port,’ Aberdeen Meeting, 1885, p. 588.

C. eburnea.—
(8) MitxE-Epwarns.—Pl. vi, fig. 2.
P(20) P. J. van BenepEN.—“ Rech. sur PAnat. . . .. Bryozoaires
.« » . Ostende,” ¢ Nouv. Mém, de I’Acad. de Bruxelles,’ t. xviii,
1845, pl. iii, figs, 12—16.
Van Beneden states that the ovicells are closed on all sides; and
this statement is more likely to have been made of C. aculeata (in
which the aperture of the ovicell is very inconspicuous) than of C.
eburnea. The specimens figured are by no means unlike C. aculeata,
but they have no spines,
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P C. eburnea (pars),—
(9) Smyrr.—Pl. xvi, figs. 124, 125.
On p. 135 of Smitt’s paper it is explained that these figures repre-
sent young ovicells (of C. eburnea), without tubular apertures.
It may, however, be remarked that au ovicell, with the contents shown
in fig. 126, would probably have had a well-developed tubular aper-
ture if it had really belonged to C. eburnea; and, further, that there
is evidence (see above, No. 16) that Smitt has worked at the ovicells
of C. aculeata. Ibid, table of formule, Nos. 2, 3 (see explanation
of the formulee), and probably some of the later formulee.
? C. denticulata (pars).—
(8) Busk.—PL iii, figs. 1—6.
Notice the spine in fig. 6. In the other figures, the character of
the branching and of the basal internodes, and the small number of the
pores appear to me to prove that this plate does not refer to C.
denticulata, and that it probably refers to C. aculeata.

C. ramosa, n. sp. PL XII, figs. 10, 11.

Zoarium erect, often of rather straggling habit; the
average height of well-grown colonies about £ inch; the
branches (in well-grown specimens) arranged in fan-shaped
systems, owing to the large number of branches given off by
the terminal internodes, and with little or no tendency to curve
inwards. Internodes often much flattened, of very variable
length ; often very long, and consisting of numerous zoccia ; in
this case often with a well-marked double curve, as in
C. denticulata (and, to a less extent, in other species
Branches developed in greater numbers than in any of the
other British species ; even in the lower parts of the colony the
internodes commonly bear two branches, while the terminal
internodes, and especially those which bear ovicells, may give
rise to as many as four or five branches, which do not neces-
sarily come off alternately on opposite sides of the stem. The
lowest branch of an internode very commonly comes off from
the second zocecium of one side; if the lowest branch arises
from the first zowecium of the internode, the bext branch is
usually given off by the third zoecium of the opposite side.
Joints yellow, or colourless near the growing-points, never
black. Basis rami long, usually reaching the aperture of the
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zocecium next below it on the same side, unless it is borne by
the lowest zocecium of an internode. Zocecia usually with a
long, free, tubular portion bearing the aperture ; this portion is
distinctly curved forwards, but is usually lost in the older parts
of the colony; in other cases this tubular portion is not
developed to more than a very slight extent. Aperture circular,
without any pointed projection on its outer side. Ovicell
very large, and more regularly pear-shaped than in any of the
other species; usually a little higher in the internode than in
C. aculeata, but in some cases it may occupy as low a position
as that of the fourth member of the internode; it is perhaps
most commonly in the position of the 6th—8th member ; its
aperture circular, borne on a long and very conspicuous
funnel-shaped tube, which is considerably wider at its summit
than at its base. Rootlets often developed in considerable
numbers, sometimes attaining a great length (nearly an inch),
and composed, for the most part, of long segments, separated by
yellow or colourless joints. (See also measurements on p.177.)

(The following list includes references to several forms of
Crisia which, as explained below, I do not believe to be
identical with C. ramosa.)

P C. cribraria—
(21) StimpsoN.—* Synopsis of the Marine Invertebrata of Grand Manan
[Bay of Fundy],” ¢Smithsonian Conts. to. Knowledge,” vol. vi,
1854.

This species may be identical with C. ramosa, in which case my
own specific name will have to be given up. The zocecia are described
as being *“ so crowded as to form often two or three longitudinal rows,
in which they are usually opposite * (p. 18). I do not see how such
a statement could be made of C. ramosa. The figures given (pl. i,
figs. 8a—c), although not unlike that species, are not drawn with
sufficient care to enable a satisfactory conclusion to be arrived at.

? C. arctica.—
(22) M. Sams.— Geol. og Zool. Jagtt. anst. p. en Reise Trondhjems
Stift.,” Christiania, 1863.

The zoarium of this form is said to reach the height of 30 mm.;
the branches and the zocecia are straight, or nearly straight; the inter-
node possesses, on each side, two to three, often eight to twelve, rarely
twenty to twenty-one zocecia. The species is said to resemble C.
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denticulata and C. eribraria. It differs, according to Sars’
deseription, from my own specimens in the following respects.

The zocscia are fused with one another along their whole length, so
that the upper part, with the aperture, is not free. The outer and
upper angle of the young zocecia may bear a small knob (never observed
in C. ramosa). The joints are usually uncoloured, but sometimes
brown-grey in the older branches (usually yellowin C. ramosa). The
ovicells are always in the axils of the branches, and they are not
described as having an aperture (which can hardly be overlooked in
C. ramosa).

On the whole, Sars’ description suggests a form like C. denticu-
lata or C. elongata, M.-Edw. It is, perhaps, the form figured by
Smitt () in pl. xvi, fig. 20. The *“ basis rami’" in this figure is unlike
anything I have ever seen in C. denticulata, although resembling
that of C. ramosa.

C. eburnea (pars).—

?C

(2) Coucu.—P. 99.

Some of the larger specimens mentioned by Couch probably belonged
to this species: the ovicells are ‘‘somewhat urn-shaped with narrow
tubular necks, which are not placed in the centre.” This description
probably refers to C. ramosa, although the “young specimens” in
which the branches “all arch inwards” doubtless belonged to C.
eburnea. The magnified figure (pl. xviii, fig. 2), which is not good,
may be identified as C. aculeata by the presence of a spine; and
the figure next to it (natural size) is probably either that species or
C. ramosa.

eburnea (pars).—
(8) Smrr.—Pl. xvi, fig. 9, and p. 135 (fig. 6). (These figs. may refer

to C. aculeata.)

PC.

?C.

eburnea, var.—
(8) Busk.—PL. v, figs. 5—10.
denticulata (pars).—
(8) Busk.—PL. ij, figs. 3, 4.
(@) Surrr.—* Table of Formulw,” Nos. 14—17, and probably some of
the earlier numbers (e.g. 12 and 13), which are said to belong
either to C. eburnea or to be transitional from this form 1o
C. denticulata. It is hardly possible that a form with so many
branches arising from the same internode as in No. 17, for in-
stance, was really C. denticulata.
(28) Smrrr.—* Floridan Bryozoa,” Part 1,  Kongl. Svenska Vet.-Akad.
Handl.,’” B. x, No. 11, 1872, pl. i, figs. 1~5.
I do not feel certain that the form described in (28) is really iden-
tical with C. ramosa, although it can hardly be regarded as C.
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denticulata, The form of the zoceeia is very similar to that found
in C. ramosa; but, on the contrary, the ovicells do not agree with
those of the latter. If the left side of fig. 5 represents a young
ovicell (probably somewhat broken), the ovicells are even less like
those of C. ramosa in their early than in tbeir fully developed con.
dition. Is this form possibly identical with the one described by
Stimpson (21) under the name of C. cribrariaPf
(7) Hivcks.—P. 423.

The statement that the ovicells of C. denticulata have “a
tubular orifice at the top ” was possibly made after an examination of
C. ramosa; especially as, on the same page of Hincks’s work, oceurs
C. denticulata, var, a (to which pl. lvi, fig. 9, presumably
belongs) ; and there can be little doubt that this is really C. ramosa.

C. denticulata, var. tenuis.—
(24) Viesctus,—* Cat. of the Polyzoa ... Willem Barents,” ‘Nied. Arch.
f. Zool. Supplementb.,” i, 1881-2.

This form is said to correspond closely with Hincks’s unnamed variety
just referred to. It is, however, impossible to accept tenuis as a
specific name, since the name C. tenuis had been applied by Mac-
Gillivray to an Australian species before the appearance of the paper
by Vigelius (see F. McCoy, “Prodromus of the Zool. of Victoria,”
‘Decade’ iv, pl. xxxix, Melbourne, 1879,

? C. fistulosa—
(6) Busk (non Heller).—P. 5, pl. vi 4, figs. 1, 2.

Even if this form is identical with the species under consideration
it is better to drop Busk’s name, since the specific name fistulosa -
was originally applied by Heller to a form which is clearly not the one
described by Busk (see Waters, No. 25).

Through the kindness of Mr. R. Kirkpatrick I have been enabled to
refer, at the British Museum, to a specimen of the form described by
Busk ; and I have also to thank Mr, Kirkpatrick for having subsequently
given me further information on the same subject. The specimen in
question is labelled «“ C. fistulosa, Hell., locality unknown. Lesina?”
I am informed by Mr. Kirkpatrick that the label is in Mr. Busk’s hand-
writing, with the possible exception of the last word; and that the
specimen is probably really from the Mediterranean.

The specimen in the British Museum is even more like my own
species than is obvious from Busk's description, which, in Mr. Kirk-
patrick’s opinion, was probably taken from that specimen. As many as
five branches may come off from the same internode, and some of them
higher than the sixth zocscium, which, according to Busk, is their upper
limit. ~ The ovicells, of which only two could be satisfactorily
examined, agree fairly well with those of the Plymouth form. Their
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diameter is about ‘45 mm. Mr. Kirkpatrick further informs me that
the distance from aperture to aperture is ‘4 mm., and that the total
length of the zocecium is about -7 mm. Although these numbers are
distinctly smaller than the average measurements of corresponding
structures in C. ramosa, I am inclined to believe that my own
specimens belong to the same species as the one in the British Museum.

Waters (265), in ¢ Ann. and Mag. Nat. Hist.,” 5 ser., vol. iii, 1879,
p. 269, pl. xxiii, fig. 4 (“ Bryozoa of the Bay of Naples”), identifies
C. fistulosa, Busk, with what he calls C. elongata, var. angustata.
I cannot, however, believe that C. ramosa is identical with the form
described by Waters. Although the number of zocecia in the internode
in C. ramosa may be large, this species could hardly be characterised
as having fourteen to twenty-six zoeecia in the internode; nor does
the description, * branches arising usually from the fifth to eighth
zoceeinm of a branch, and at about the same distance a fresh branch
grows on the other side,” correspond with the branching of C. ramosa.
As Mr. Kirkpatrick bas pointed out to me, Waters’ statement that
the zocecia are ‘04 mm, apart was no doubt due to an oversight.

For further remarks on C. fistulosa, Busk, see Vine (18), p. 589.

The characters of the ovicell are so constant in my specimens
that, taken in conjunction with other facts, I cannot resist the
conclusion that this form deserves recognition as a species.
Although it is obviously alluded to in some of the works just
quoted, I cannot identify it with certainty with any form which
has hitherto received a specific name ; and I therefore suggest
for it the name C. ramosa, in allusion to the large number

of the branches given off by a single internode.
C. ramosa has been found in large numbers at Plymouth,

where it is certainly the commonest of all the forms of Crisia.

‘While the identification of fully developed colonies of Crisia
—in those cases at least where ovicells are present—cannot often
be a matter of doubt, it may be extremely difficult to identify
the species to which a small fragment of a colony or a young
zoarium belongs. The greatest difficulty is found, in these
cases, in distinguishing C. eburnea from C. aculeata, or
the latter species from C. ramosa. The characters of the
several species can be best brought out by a careful comparison,
under a series of distinct heads, of their more obvious external
features,
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Habit of Zoarium at Different Seasons ; Regeneration.

A very slight acquaintance with the British forms of Crisia
enables one to distinguish at a glance, in most cases, the
species to which a given specimen belongs. C. denticulata
is characterised by the coarseness of its general habit ; by the
regular dichotomous appearance of the branching, as seen by
the naked eye; and by the fact that the branches diverge from
one another to such an extent that they are separated from one
another by considerable interspaces at their ends. In C.
eburnea the branches are inflected towards the axis of the
colony, and are so closely massed together that it is impossible
to study the exact character of the branching without first dis-
eutangling the branches. On flattening the specimen out on a
slide the cymose character of the branching is at once appa-
rent. C.aculeata possesses a characteristic delicacy of habit
(““of a slenderer habit than C. eburnea, which the species
closely resembles ”’1); and it may be compared, in external
form, to a C. eburnea which has become of much laxer and
slenderer habit than usual, and in which comparatively few
branches have been developed. The branches are much
straighter than in C. eburnea. C. ramosa is extremely
similar, in general appearance, to C. aculeata, but is of dis-
tinctly coarser habit ; the branches are very straight, and the
number of the branches to which the internodes near the grow-
ing-points give rise results, in actively growing colonies, in the
formation of fan-like systems of branches. The long tubular
apertures of the zowmcia (if developed) give a characteristic
appearance to the species, which cannot, however, in all cases
be distinguished by the naked eye from C. aculeata.

The above remarks apply especially to colonies in their fully
developed condition; but the appearance of any species de-
pends largely on the time of year at which it was found.
Many of the specimens of C. eburnea found in the early
spring are provided with numerous ovicells, the ultimate fate
of which seems to have hitherto attracted no attention, although

1 Johnston, G., © A Hist. of the British Zoophytes,” ed. 2, p, 286.
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there can be no doubt that these structures disappear after the
end of the breeding season. I have looked in vain for any signs
of the absorption of the ovicells in Crisia; and the following
facts probably imply that they are simply thrown off from the
colony after the liberation of the embryos which have been pro-
duced in them.

The typical spring form of C. eburnea possesses a con-
spicuous main stem, which forms au obvious central axis, from
which the rest of the colony comes off as a series of branches,
developed in regular alternation on opposite sides, and decreas-
ing in size fairly regularly from the base to the summit of the
colony. The main stem consists of perhaps eleven or twelve
internodes, each of which normally gives rise to a branch;
and the branches themselves are usually provided with a
profusion of ovicells, many of which are still in process of
development, and most of which are near the ends of the
branches,

In a colony of the same species found in May most of the
ovicells were at some distance from the ends of the branches,
owing to the development of several (7—8) zoccia above the
ovicells; and the branches which bore ovicells had, in most
cases, completely finished their growth : very few ovicells, and
these of a weakly appearance, were being developed. Most of
the branches ended in slender internodes, in which growth was
no longer taking place, as was shown by the fact that no grow-
ing-points were left. The exhaustion of the colony was further
shown by the fact that some of the terminal internodes con-
sisted of no more than two or three zocecia, with no growing-
points.

In the summer (August) large and highly branched colonies
with active growing-points are found, but they are nor-
mally without any trace of ovicells. In many of these cases
it may be noticed that the main stem has been broken, and is
merely represented by its basal portion. The rest of the colony
will, in this case, probably consist of a small number of large
branches given off from the remains of the stem or of its
lateral branches, and in many cases the sharp contrast between
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the clean white appearance of these highly branched parts of
the colony and the dirty-brown appearance of the stump of the
main stem, covered as itis by foreign growths of various kinds,
will give rise to the suspicion that the former have been de-
veloped at a later period than the latter, and that the latter
are the remains of colonies which developed ovicells at an
earlier period of the year.

Smitt! has called attention to the fact that the free tubular
portion of the zocecium of C. geniculata is sometimes rela-
tively transparent, and that it is separated by a sharp line from
the basal, more highly calcified part, and he suggests that this
transparent portion has in these cases been regenerated. He
further points out® that in Aetea argillacea (=Aetea
truncata, forma abyssicola elongata®) this process of re-
generation seems to be periodic, since a zocecium consisting of
portions of three different ages was in one case observed by him ;
and that in Farrella fusca (=Vesicularia fusca*) the
zocecium may attain twice its normal length by the occurrence
of this regenerative process.’ Milne-Edwards® had previously
pointed out that the zocecia were able to form rootlets at an
advanced period of their existence.

‘There can be little doubt that Smitt’s suggestion is a correct
one. InC.eburnea the older parts of the colony are fre-
quently covered with an encrusting red seaweed, the presence
of which has no doubt been responsible for the “rose-red”
colour which has been mentioned by Johnston? and others as a
feature which sometimes characterises the species. In certain
specimens found in April the basal parts of the colonies were
completely covered by this encrusting growth, while in various

1 ¢ Ofvers, af K. Vet.-Akad. Férhandl.,’ 1865, No. 2, p. 128.

2 «Om Hafs-Bryozoernas utveckling och fettkroppar,” ¢ Olvers.,” &c., 1865,
No. 1, pp. 29, 30. .

3 « Ofvers.,” &ec., 1867, No. 5, p. 280.

4 < Qfyers.,” &c., 1866, pp. 502, 505.

& Ibid., pl. xiii, fig. 39, and explanation of figure.

6 < Ann. Sci. Nat.,” 2e sér., “Zool.,” tom. ix, 1838, p. 196.

7 * British Zoophytes,” ed. 2, p. 284.
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parts perfectly white growing points or new apertures were
making their appearance. Similar phenomena of regeneration
have been repeatedly observed in all the species which I have
examined. Thus the first glance at an ordinary colony of C.
ramosa will suffice to show that the tubular ends, so charac-
teristic of the young zocecia, are absent in the lower parts of the
colony, where they have been either broken off or absorbed. The
zocecia which are in this condition are closed by an obliquely
placed diaphragm, as described in Crisia and other Cyclo-
stomata by Waters,! Pergens,® and others. On staining a
specimen of C. ramosa without decalcification, it is at once
obvious that these diaphragms are used for the closure of
zoeecia which contain brown bodies but no functional polypides.
They are placed at the point where the zomcium normally
becomes free from the internode, and the free portion becomes
gradually broken away or absorbed down to the point where
the diaphragm is sitnated. In the younger parts of the colony,
where the zowecia possess free tubular ends, no diaphragms are
present, and functional polypides or obvious buds, together
with the brown bodies formed by the death of the last poly-
pides, are found in nearly all the zoeecia.

The individual life of the zoecium has not, however, neces-
sarily come to an end with the formation of one of these
diaphragms, as may be easily proved by the examination of
suitable spring colonies which have been stained with borax
carmine without decalcification. Whilst zocecia in which no
regeneration is taking place are closed by a diaphragm and
appear perfectly unstained, the red colour of the regenerating
parts is obvious at the first glance. The first indication of the
renewed activity of a zocecium is given by the fact that some
of the cells below the diaphragm have acquired the power of

1 A. W. Waters, “ Closure of the Cyclostomatous Bryozoa,” ¢ Linn. Soc.
Journ, Zool.,” vol. xvii, 1884, p. 400; * Fossil Cyclostomatous Bryozoa from
Australia,” * Quart. Journ. Geol. Soe.,” vol, xl, 1884, p. 675.

3 Kd. Pergens, ** Revision des Bryozoaires du Crétacé figurés par d’Orbigny,”
1e partie, ** Cyclostomata,” ¢ Bull. de la Soc. Belge de Géol.,” &c., tome iii,
1889, p. 817.
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taking up colouring matters; slightly later a young polypide
bud is seen below the diaphragm, which is then absorbed, the
zocecium growing out (in C. ramosa) into a long tubular
portion, at the end of which is the aperture.! In C.ramosa
the free portions of regenerated zocecia are sometimes con-
siderably longer than the normal length of the tubular portion.
In one case the regencrated portion, which was completely free
from the branch, was ‘69 mm. long.

Tt is well known that new stems are given off from various
parts of the rootlets.2 These rootlets are usually developed
from the backs or sides of the zocecia, especially of those near
the base of the colony. But in cases where regeneration is
actively taking place the tip of a branch may grow out into a
rootlet, or a rootlet may take the place formerly occupied by a
zoecium, usually one of the terminal zocecia of an internode in
this case.® The rootlet thus formed may grow for a considerable
distance, and finally produce a new stem as a lateral branch;
or the new stem may be the actual prolongation of the rootlet,
which, after a longer or shorter course, assumes the characters
of a stem. In other cases a new growing-point is formed
from an old joint at the point where a lateral branch or an axial
internode has previously been lost; or it may be formed from
the apex of an internode in which the fracture has taken place
across the middle of the internode, instead of at an axial joint.
The result of this is that it is very common to observe an old
brown stem from which start new internodes (lateral or axial),
which are shown, by reason of the perfectly white appearance
of their ectocyst, to have been formed at a much Jater period
than the brown part of the stem. In one or two cases a
growing-point had started from the proximal side of a broken
joint, and had then given rise to a stem which grew in a direc-
tion directly opposite to that of the internode from which it
was developed. These cases are somewhat analogous to the

! This is the process which was observed by Smitt in C, geniculata.

2 Cf. Smitt, * Krit. Fort.,” i, ¢ Ofvers.,” &c., 1865, p. 122,

® These statements refer, for the most part, to C. eburnea and to C.
ramosa.

VOL. XXXII, PART 1I.—NEW SER. K
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one described by Smitt,! in which a “basis rami” had given
rise to a normal branch, and also to a growing-point directed
straight downwards from its base, which was formed by the
proximal end of the “ basisrami,” from which it was separated
by a joint.

Although regenerated lateral branches may start from the
old lateral joints, it is not uncommon to find that they are
given off from near the end of the old internode, instead of in
their normal position lower down ; this is due to the fact that
the aperture of an old zoecium has become a growing-point,

In colonies in which the process of regeneration is com-
mencing, it is frequently noticed that the young growing-
points are appreciably smaller than the normal ones. These
small growing-points naturally give rise to slender zowcia and
branches, which, however, as they grow longer, acquire fresh
strength, and soon regain their normal diameter. The regene-
rated parts of a colony are, consequently, often joined to the
older parts by slender bases, in which, moreover, the basal
internodes may consist of an unusually small number of zocecia.
In both these respects they resemble colonies which are deve-
loped directly from the larva, or from a growing-point which
starts from the rootlet of an old colony.

It is important to notice that, so far as my observations go,
the regenerated parts of a colony always retain the same specific
characters as the older parts. I have looked in vain for any
indications which might have been given by regenerating
colonies that the forms of Crisia described above as distinet
species might be merely different phases of the same species.

The general life-cycle of C. eburnea may probably be sum-
marised as follows :—The breeding season is at its height in
April and May ; and at about this period it is not difficult to
find young individuals which consist of a single zocecium
attached by a disc-like base, and which have resulted from the
metamorphosis of a free larva; small colonies are soon formed
by these primary zocecia. At first, rootlets may be altogether
absent, and in many colonies they are developed very sparingly ;

1 Lig. cit., p. 125.
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but when formed, some of them give rise to fresh stems, which
are the starting-points of new colonies. Or, again, some of the
specimens found in the summer have resulted from colonies
which developed ovicells in the earlier part of the year, and
which, after losing these structures, again burst out into
renewed growth ; in some cases leaving a single ovicell on the
colony as some indication of their past history. Inthe spring,
ovicells, when present at all, are found in large numbers, and
those well-developed colonies which do not possess them at
this period are probably in most cases of the male sex. Thus,
in order to find spermatozoa in April, it was generally quite
sufficient to select any colony in which there were no ovicells,
while spermatozoa were not discovered in any of the cases in
which ovicells were present.

In the early spring the discoloured stumps of colonies which
grew during the preceding year are found; from various parts
of these, new growing-points are developed, and give rise to the
colonies found at a slightly later period. The production of the
enormous number of embryos then developed seems to exhaust
the energy of the colony, whose growth practically ceases for a
time, many of the brauches being thrown off. After a period
of rest, growth recommences with great vigour, and by the
nmiddle of the summer large and highly branched colonies are
again found, although now, as a rule, with no ovicells.

Number of Zoecia in the Internode, Mode of Branching, &e.

Most of the previous accounts of Crisia merely mention the
limits between which the number of zowcia in the internode
may vary in the several species. Thus Hincks! says of
C. eburnea, “8—9 cellsin an internode ;”’ while Johnston? is
a little more explicit, stating that there are from two to
five, sometimes seven, and very rarely even nine, cells in each
internodial space *’ in the same species. It appears to me that
it is quite impossible to define accurately the several species

1 ¢ British Marine Polyzoa,’ p. 421.
2 ¢British Zoophytes,’ ed. 2, p. 284.
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without paying careful attention both to the number of zocecia
in the individual internodes and to the character of the
branching. Smitt! is the only writer who has done this in a
thoroughly satisfactory manner, and it will be convenient to
make use of a modification of a graphic method of repre-
senting the characters of the colony which he was the first to
introduce.?

In this method the limits of each internode are indicated by
brackets, in which is a number denoting the number of zocecia
in the internode; » indicates a branch, the position of which
is further shown by means of a number : thus 7, e. g., indicates
a branch given off from the first (lowest) zowcium of an
internode on the left side, while r, indicates a branch given
off from the second zoecium on the right side of the inter-
node; finally  indicates the growing-point, and Ov. an ovicell.
A key to the method may be obtained by referring to fig. 6,
the formula of which is included on the formula on p. 154, as
explained on that page.

Thus many of the characteristic features of C.denticulata
(figs. 2, 8) may be represented by the formula—

(8)+(9+5)+(10)+ (9+79) + (9 +4)+ A1+ )+ (114+) + (13+75) +(9+47) + (8 +2)
T=(13+5_1') +Q0)+(T+75)+(4+)

=(5+2)
=(11447)+ (B+00.+5+7r,+7)

I,
e O

=(4-+2)
=(1147) +(10)+ (L4 ir) +(8) + (2)

‘=(5 + 00,42+ +2)

3+2)
=(10)++(9 +rr)+(5+011.+5+z)

=(9+ 0v.4+6+r,+2)
=(8+2)

"1 «Otvers. at.K. Vet.-Akad. Forhandl,’ 1865, p. 115.
2 Loc. cit., p. 139.
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—representing the axis of a branch given off by the main stem
of a colony, together with all the ramifications of two of its
secondary branches.

It will be noticed that nearly every internode develops a
single branch, and that the branches come off in regular
alternation on opposite sides of consecutive internodes of
every axis. Although the number of zoxcia in the internode is
very variable, eleven may be regarded as the number most cha-
racteristic of the species.

The above formula further shows that every branch-bearing
internode whose development is complete possesses an odd
number of zocecia, while in completely developed internodes
which bear no branch the number is even. Although this rule
is not quite absolute, it is difficult to find any exception to the
striking rule that a branchless internode has an even number
of zocecia; or, conversely, that an internode with an even
number (whether this number ‘is large or small) of zocecia
bears no branch. It may be pointed out that even if the
branches have been broken off, their previous presence can be
ascertained by the existence of the basal articulation from
which they formerly sprang.

It may further be noted that a lateral branch is, with very
rare exceptions, produced on the side of the basal zoecium of
the internode (Pl. XTI, fig. 2).

The regular alternation of the zocecia of the axis of any
branch is not disturbed by the development of an axial joint;
and the last zocecium of the internode below the joint nearly
always projects beyond the penultimate zocecium (which
belongs to the other side) in the form of a free tube (fig. 2).
Since the branch-bearing internode has an odd number of
zo®cia, and since the branch is developed on the side of the
basal zocecium, it follows that the last zomicum, which is
produced into a free tube, will also be on the same side as
the branch. A moment’s consideration will show that the
basal zocecium, the branch, and the terminal (“ produced )
zoeecium, in any internode, will normally be on the opposite
side to that on which these structures are situated, both in
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the internode below it and in the internode above it on the
stem.

But if an even-numbered internode is developed (fig. 2),
its last zocecium will of course be on the same side of the stem
as the last zocecium of the preceding internode; and conse-
quently the basal zocecium and the branch of the internode
above it will be on the same side as its own basal zoecium,
and on the opposite side to the branch next below it; or, illus-
trating this by a formula, we shall, as a rule, find cases like
(183475} +(8) + (7+,7), as shown in fig. 2.

Thus, stating the same fact in another way, an even-
numbered and branchless internode may be intercalated in the
stem without disturbing the alternate origin of the branches
on opposite sides. The same is true of those cases where two
even-numbered internodes occur consecutively on the same
axis.

The more closely one investigates unusual methods of
branching in this species, the more obvious does it become
that the growth of the colony is regulated by some well-defined
law, which finds one of its expressions in the preceding rule.

Thus it will be seen, by reference to figs. 2,4, 6, and 11,
that the basal zocecium of a lateral branch is on the abaxial
side of the latter in all the four species referred to; and
further, that the branch given off by the basal internode of an
axis is also on the abaxial side. This is obvious enough for
C. denticulata, from the formula on p. 146, where it will
be noticed that, in the one case in which the basal internode
has an even number of zocecia, the second internode develops
the first branch, and that that branch (and of course the basal
zoecium) is on the abaxial side.

On two occasions abnormal branching of the type (9 + 4) +
(18) + (11 +¢r) was noticed. Here an odd-numbered branch-
less internode occurs ; but such cases seem to be rare. Since
the number of zocecia in the branchless internode is odd, it
follows that the basal zocecium, and consequently the branch,
of the third internode will be on the same side as in the first
internode.
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In another case the formula (15 + #,) + (9) + (10) + (9+7y)
was obtained, and it is obvious that this is a further illustration
of the same principle.

In an axis, part of the formula of which was (13 + ;) +
(14 + g~ + r;) + (11 + ,r), one of the internodes had two
branches, the first developed on the side of the basal zocecium,
and the second on the opposite side. Since the number of
zocecia in this internode was even, the regular alternation of
the branches was not disturbed. Cases of this kind appear to
be extremely rare.

Another abnormal case, from a young colony, had the
formula—

+(B+r)+

r———(7)+(6+r2]+(8)+(6)+(2+z‘)

Here it is obvious that the whole of the lateral branch shown
is very abnormal ; the first branch is developed by the second
internode, which has an even number of zoccia; and it is on
the same side as the basal zoecium of the first internode, and
on the opposite side to that of its own internode. Here it must
be supposed that the tendency to produce the first branch on
the abaxial side has prevailed over the tendency to produce a
branch on the side of the basal zocecium of an internode.

In one case observed, in which the base of an old colony was
regenerating fresh branches, two small growing-points were
seen to have been formed, almost exactly opposite one another,
from the same internode. If this growth had proceeded some-
what further, it might not have been obvious that the abnormal
character of the branching was due to the occurrence of regene-
rative processes, in which the regularity which characterises the
normal branching does not seem to be so marked.

Some of these remarkable relations are obvious enough in
the figures given by previous authors, none of whom seem,
however, to have been struck with the geueral rule illustrated
by these cases. Thus Milne-Edwards,! in pl. vii, fig. 1 &
(C. denticulata), shows a portion of a colony in which two

1 ¢ Ann, Sci. Nat.,’ ¢ sér., “Zool.,,” tome ix.
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internodes have an odd number of zowecia, and in which,
further, the branch and the basal zocecium are, in each inter-
node, on the same side. The third internode which is com-
pletely figured has 10 zocecia, and possesses no branch. It must,
however, be pointed out that in his fig. 1 @ (C. denticulata,
under slight magnification) Milne-Edwards represents most of
the internodes as having an even number of zocecia; but it
may probably be assumed that in this figure, which gives an
excellent representationof the general appearance of the species,
sufficient attention has not been paid to the details of the
arrangement of the zocecia. Again, Busk! figures, in the same
species, two complete internodes, one of which hasthirteenzoecia
and a branch, and the next has twelve zocecia and no branch.

The relations above described are perhaps capable of being,
to some extent, explained in the following manner. In the
species of Crisia which I have examined, and, I have very
little doubt, throughout the genus, the base of an internode,
whether axial or lateral, is simply the basal part of the lowest
zoecium of that internode, that part having been separated by
the development of the joint from its upper or distal part.
This will be intelligible on referring to Pl. XII, fig. 1, repre-
senting an axial internode in which only two zocecia are
completely separated from the growing-point. The lowest
zoecium of the internode is seen to be divided into two parts
by the horny joint ; and the lower of these two parts forms the
articulation to which the younger internode is attached. In
examining the formation of the joint (whether axial or lateral)
in stained specimens it is at once obvious that the alimentary
canal of the youngest zocecinm of the internode at first extends,
through the tubular joint, into this lower portion ; confirming
the statement made above with regard to the morphology of
the base of the internode.

It is thus clear that the occurrence of an axial joint in
no ways disturbs the alternation of the zowmcia (see any of
the figures). The last zocecium of the older internode would

1 «Cat. of Mar. Pol. in Brit. Museum,” Part III, *Cyclostomata,” pl. iv,
fig. 2.
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overlap, and be fused with the next zocecium higher up on the
same side if it were not for the development of the joint ; which
is, however, formed in such a position across a zocecium as to
leave the preceding zowcium in the characteristic ¢ produced
condition which has already been described. In the ordinary
type of branching, where successive internodes produce branches
in regular alternation on opposite sides, the number of zocecia
must be odd if the branch is to be produced on the side of the
basal zocecium in each internode. The formation of a new
axial internode practically amounts to the transverse division
of a zocecium, while the formation of a branch may be ex-
pressed as due to the longitudinal division of a zocecium (at
the growing-point), Suppose that the right side of an axis
bears a branch (as in the lowest internode shown in fig. 2).
The tendency of the growing-point to produce new branches
alternately on opposite sides would normally result in the pro-
duction of a branch from the left side of the next youngest
internode; but if a lateral branch has not been produced
by the time that a new axial joint is to be formed, that axial
joint would be, as a matter of fact, normally developed from a
zocecium of the left side, as at the base of the third internode
in fig. 2; and this implies the existence of an even number
of zocecia in the second internode. The production of an even-
numbered internode may thus be regarded as due to the alter-
nate predominance of the two sides of the growing-point. The
development of a lateral branch on the right side (e.g.) has
apparently the effect of leaving theleft side of the growing-point
with an excess of vigour; so that when a new internode is
formed—whether by the transverse division of a zocecium to
form an axial joint, or by its longitudinal division to form a
lateral branch—it is the left side (in this particular case) of the
growing-point by which this division is effected. Division in
the transverse direction results in the formation of an even-
numbered internode, while the production of a lateral branch
on the left side of the next succeeding internode restores the
funetion of producing another axial joint to the right side of
the growing-point.
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That there are exceptions to this rule has been shown above
by the description of odd-numbered branchless internodes ; but
it must be remembered that these cases are rare.

From what has already been said of the laws which regulate
the growth of Crisia, it is obvious that a representation of a
colony can easily be reconstructed from a formula of the cha-
racter introduced by Smitt; and no further justification is
required for the use of such formulze.

In some specimens of C. denticulata the average number
of zocecia in an internode may be higher than in the one de-
scribed ; and the numbers 13, 15, 17, and even 19 are by no
means uncommon. It may often be noticed that, although inter-
nodes consisting of any given number of zowcia do not seem
to be arranged in any definite order in the colony, an indivi-
dual colony may be characterised by the frequent occurrence of
internodes with that number of zocecia. Thus if the dominant
number, in any particular case, be 11—and this seems to me
the most common case—variations in the number of zocecia in
the internodes of that colony will apparently take place about
the number 11 as a mean; so that, although internodes of 9 or
13 zocecia are common, there may be none of so many as 15
zoeecia., But if the colony have many internodes of 15 zoccia,
for instance, then it will probably be found that some of the
other internodes have 17 or 19.

If the growth of the branch be complete, so that no more
axial joints are to be formed, the terminal internodes, and
especially those which have produced ovicells, may have a
larger number of zocecia than the internodes of the rest of
the colony; and the number of zowcia formed before the
growing-point exhausts its activity does not appear to be
regulated by the laws which govern those internodes which
are not terminal. But even the terminal internodes normally
produce no more than a single branch (ef. C. aculeata and
C. ramosa), the cases mentioned on p. 149 being the only
ones in which two branches were noted to come off from the
same internode.

The articulations of the lateral branches of this species are
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alone sufficient to distinguish C. denticulata from the other
British forms, They are situated at a very low level on the
zocecia which bear them, and each ‘“basis rami” (Smitt)
appears to he wedged in between two consecutive zocecia (fig.
3), instead of being, as in other species, distinctly apposed to
the outer side of one zocecium (figs. 4, 6, 11). The branches
usually originate from zg,! z,, or 2;; less commonly from z,
or from zg.

The joints, both of the zoarium and of the rootlets, of this
species are in nearly all cases of a jet-black colour, as recog-
nised by most of the previous writers.2 The young joints are,
as in other species, uncoloured; but the black colour is in
almost all cases very speedily acquired. Smitt and Busk do
not mention this as a specific character, no donbt because they
have given wider limits to the species than are accepted by
most writers,

The ovicell3 in all species replaces an ordinary zocecium,
and in this particular species it is usually borne on a lateral
branch, and in most cases is situated at some distance above a
joint. In the instances given in the formula on p.146 the ovi-
cell replaces the 4th, the 6th, or the 10th zocecium of an in-
ternode. I have never seen it lower than 4th nor higher
than 18th. It is usually very near the end of a branch, and
this feature is well shown in pl. iv, figs. 2 and 4, of Busk’s
British Museum Catalogue (Part III). In one of my cases,
however, thirteen zocecia occurred above the ovicell, and eleven
below it, and very rarely a joint may be developed above it.
If the ovicell-bearing internode develops a branch, that branch
is very seldom given off from a position higher than the
zocecium which corresponds to the ovicell on the opposite side
of the branch,

1 I.e. from the third zocecium of either right or left side: the side from
which a branch comes off has no significance unless considered in relation to
other characters.

® Cf. Fleming, J., ‘Hist. Brit. An,’ p. 540; Johnston, A., *British
Zoophytes,” 2nd ed., p. 284 ; Hincks, T., * Brit. Mar., Polyzoa,” p. 423 ; &e.

3 See also p. 169.
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The calcareous matter of the ectocyst is considerably thicker
in C. denticulata than in any of the other British species.

C. eburnea. Fig. 6.

Although this species is not likely to be mistaken for C.
denticulata, T believe that it is more nearly allied to that
species than are any of the other British forms. This is shown
by the flatness of the internodes, by the fact that each inter-
node has normally one branch, and by the characters of the
apertures of the zocecia.

The branching may be illustrated by the formulal—

B+ G+ H(T+)+(T+r) +H(T+2)HT+2)+(T+ 1) +(2)
=(5+7)+(T-+s7)+(E+7)+(T+2)+(5+r)+(T+17)+(2)

'=(54,7)+ :
| =(5+r)+
=(5+,1)+ I
l =(5+7)+(5+7)+B+r)+(6+r+2)
=(5+,r)+
[+
=G+n+ |
‘=14 00.+10+r,+r,+2)
=14 0v.+9+,r+2)
l=(442)
=() =(8+n+z)
—(3+42)

—rvepresenting the partial formula of a branch of a colony found
in April, in which ovicells were very numerous. The ovicell-
bearing internode on the right side of the formula is the one
which has been represented in Pl. XTI, fig. 6.

The tendency of the branches of this species to arrange
themselves as unilateral sympodes is here most marked ; and
the formation of these helicoid cymes—again borrowing a
botanical term—is one of the most characteristic features of
C. eburnea. This was recognised by Johnston,? who says of
this species, *“ Polypidom much branched, the primary divisions
arternate, spreading ; the secondary from one side only.”” It
will further be noticed that in parts of a colony in which this

1 See explanation of this graphic method given on p. 146.
2 ¢ Brit. Zoophytes,” ed. 2, p. 284.
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method of branching is well developed, the internodes compos-
ing the sympode are usually made up of five zocecia, and that,
although the branching may, in other parts of the colony, take
place from z; (or rarely from z; or z,), well-developed helicoid
cymes are invariably composed of internodes in which the
branching takes place from z;.

These helicoid cymes do not, however, agree with the method
of branching defined under that term in text-books of botany,
in that the main axes of the parts of the sympode are by no
means suppressed. This is obvious enough from the formula,
in which the first internode on the left side forms the basal
member of a helicoid cyme developed on the left side of the
branch; but it is, at the same time, the basal member of a
long axis, which develops new cymes alternately on opposite
sides ; and the same is true of the other constituents of the
sympodes. Thus each of the branches indicated in the formula,
with the exception of those which are quite near to the grow-
ing-points, is again the basal member of a helicoid cyme ; and
these cymes are consequently given off alternately on opposite
sides, not only by the internodes of the main stem, but
also by the internodes of its branches of the second, third,
and other orders. The number of members of which these
helicoid cymes are composed decreases fairly regularly in a
centrifugal direction.

Each internode is typically provided with one branch, and
at the same time is composed of an odd number of zowmcia,
just as in C. denticulata. It is not uncommon, however, to
find branchless internodes, whose position in the colony may
be illustrated by the formula—

G4+ +6+6+m;

and, just as in C. denticulata, these branchless internodes
nearly always consist of an even number of zocecia, most
commonly of four or six, less often of two or eight, Ex-
ceptions to this rule are somewhat less rare than in C. den-
ticulata, which this species so closely resembles in its method
of branching. The exceptions are more common at the base
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of the colony than elsewhere. The branch is developed on the
same side as the basal zocecium of an internode, and the last
zoecium is usually somewhat produced. In very rare cases,
of which the specimen represented in fig. 6 is an example, two
branches may be developed from the same internode.

The articulations which bear the lateral branches are rela-
tively short; even when the branch is developed from 2, or 2z,
the “ basis rami ” is never wedged in between two zocwcia, as
in the last species; and the joint which bears the branch is
nearer to the aperture of the zocecium which has developed
it than in C. denticulata.

The number of zocecia is typically five or seven, the former
number being especially characteristic of the members of a
helicoid cyme. As in C. denticulata, the definiteness with
which the colony grows is frequently indicated by the regular
repetition of the same forms of internode in a hranch. Thus
the greater part of the main axis of the branch whose formula
is given on p. 154 is composed of internodes of the type (7 +7,) ;
in the main axis of the branch given off by the second internode
of that stem, (5 4 ) alternates regularly with (7 + 47) until
the end of the axis is nearly reached; while in the next line
but one will be seen the formula of a branch composed of units
of the type (5+7,). Theregular repetition of internodes of the
type (5 + ) in the formation of most of the helicoid cymes is
a further illustration of the same thing. In many other cases,
however, no such regularity of arrangement was noticed. In
a colony found at Plymouth in August, the dominant number
of zoecia was seven, although internodes with five zoceeia were
not uncommon. But, in correlation with this increase in the
normal number of zoecia, it was found that several internodes
of nine zocecia occurred, and two of eleven.

In the terminal internodes the number of zocecia may be
larger; in one case observed it was as high as twenty, no
growing-point being left.

The ovicell most commonly replaces the second zocecium of
a lateral branch (fig. 6), and is consequently the basal member
of its own (axial) side; in other cases, however, the ovicell may
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replace the third zocecium above a joint (and it is then abaxial),
but it is very rarely found higher in the internode. A. branch
is never given off by an ovicell.

As the age of the ovicell increases, fresh zocecia continue to
be added above it up to a certain point. The old ovicell seems
to be always surmounted by a considerable number of zocecia;
in the specimen shown in fig. 6 there are, in addition to two
incompletely formed zocecia—the last that this branch would
have produced—ten zoccia above the ovicell. It must be noted
that in this and other similar cases all zoeecia which are
further from the joint than the ovicell are described as being
above the latter. The second zocecium of the right side in
fig. 6 may not, at first sight, appear to be in this position,
although an examination of the lower end of the ovicell at once
shows its real place in the series.

A joint is seldom developed above the ovicell, and the growing-
point usually completely exhausts its power of developing fresh
zocecia after a certain period.

The joints of this species are pale-coloured, or more usually
yellow. 1In old parts of the colony the joints may become very
dark, or almost black ; this is especially true of those parts
which form the starting-point for the regeneration of fresh
branches. The joints are probably never so dark as they are
normally in C. denticulata.

Smitt, in his valuable paper on Crisia,! gives a series of
formule illustrative of the branching, &c., of the forms of this
genus, and many of these formulze illustrate in a most instructive
manner the tendency of some at least of the species of Crisia
to develop even-numbered internodes without branches. In his
explanation to No. 8 of this series Smitt expressly points out
that, in Nos. 4—8, shorter branchless internodes may alternate
with longer internodes which have developed branches. Itisa
noteworthy fact that the greater number of the branchless
internodes shown in these formule have an even number of
zocecia, and that the number is odd in most of those internodes
which have developed branches. This fact seems, however, to

1« Krit. Forteckn,,” I, * Ofvers. af K. Vet,-Akad. Forhandl,,” 1865,
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have escaped Smitt’s attention. It must further be pointed
out that some of the exceptions ta the rule which has been so
much insisted on above are probably due to the fact that some
of the formula refer to C. aculeata, as is admitted by Smitt
in two of the cases.

A very interesting abnormality of C. eburnea is figured in
Pl. XII, fig. 5. The internode in question was the penultimate
internode of a branch of a thoroughly characteristic colony, in
which no other abnormalities were detected. In addition to
bearing two lateral branches in a very unusual position, at its
upper end, this internode distinguished itself by producing
three zocecia arranged in a row along the middle of its front
surface, giving it, when seen from this side, an appearance very
much like an Entalophora, for instance. The back of this
internode appeared normal, and it was not obvious that any of
the three growing-points borne by the internode was constructed
in such a manner that it would have reproduced the abnormality
in the next following internodes.

C. aculeata. Tig. 4.

I believe this form, which is in many respects intermediate
between C. eburnea and C. ramosa, and which was originally
distinguished as a species by Hassall,! to be a perfectly good
species. Nearly all recent authors have regarded it as a variety
of C. eburnea; this view is taken, for instance, by Hincks,?
Busk,® Smitt,* &c. Even Johnston,® although inserting it as
a distinct species, adds that he cannot persuade himself that it
is more than a variety of C. eburnea.

My belief in the specific distinctness of C. aculeata rests
mainly on the characters of the ovicell ; since a particular form
of ovicell (shown in fig. 4) is invariably found on colonies of

! Hassall, A. H., “ Apn. and Mag. of Nat. Hist.,” vol. vi, 1841, p. 170.
2 ¢ Brit. Mar. Polyzoa,” p. 421.

3 ¢Cat. of Marine Polyzoa in Brit. Museum,’ part iii, p. 4.

4 Loe. cit.

& ¢ British Zoophytes,’ ed. 2, p. 285.
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the aculeata type, and never occurs in any other type of
colony.

The method of branching and the number of zocecia in an
internode are far less constant than in the last two species.
Some of the characters of C. aculeata may, however, be
illustrated by a formula, using the letter s to indicate the
position of a spine, in addition to the symbols which have been
employed in other cases.

Rooltlet
D+ E) + @)+ (E+)+ O+ 745, +r) H(T+2) + B+r) H(T+ 1)+ (T+1)+(2)

=(5+ 0v.+10+5,+r,+47)+(2)
=(8+9)+(5 +,)+(10+7+5)+(1+2)

=@+ r+2)
)

‘ l=(5-+r;+ Ov.+2)
| —

: —(1+2)
'=(640v.4+5+57+7,+2)

=(1+2)
=(6+r+2)

=(2+2)

The formula represents the whole of 2 main stem, given off
from a rootlet, together with the whole of one of its lateral
branches and a portion of another. In several important respects
this formula differs from those which have been given of the pre-
ceding species, Itis by no meansuncommon to find completely
formed internodes which have an even number of zowcia ; and
these even-numbered internodes do not conform to the denti-
culata or eburnea type by being usually without branches.
In some cases, indeed, an even-numbered internode has no
branch ; in other cases it has two branches, one on each side;
in others again it may have one branch, or it may have a spine,
which, as has often been pointed out, is a structure which may
be regarded as a suppressed branch: like the true branches,
the spine has horny joints at intervals, and is attached to the

VOL. XXXII, PART II,—NEW SER, L



160 SIDNEY ¥. HARMER.

zocecium by means of a basal piece which is quite similar to
that of a normal branch,

The spines shown in fig. 4 have been artificially bent back-
wards; in their normal position they curve over the front of
the branches.

The number of spines developed on a colony is extremely
variable ; in a few cases spines are altogether absent, and the
species could then hardly be distinguished with certainty from
C. ramosa, were it not for the presence of the characteristic
ovicells. Although, in one or two cases observed, an internode
had developed spines on all or nearly all its zoecia, it is not usual
to find more than one or two spines on a single internode,
while a large proportion of the internodes of a colony do not
develop any of these structures. The spines most commonly
occur on the lower zocecia of an internode, and are commonly
in the position—

(2 + 8 + 73)
or (v + 8 + s, + 73);

being found on the abaxial side if the internode is, as is often
the case, the basal member of a branch.

The spines may, however, be developed in other positions;
thus it often happens that the last structure developed at the
apex of a branch, before the growing-point ceases to grow,
is a spine,! which is situated on the axial side of the last
zoeecium, and is consequently in the position of the terminal
zocecium of the branch to the right of the ovicell in fig. 4.

In the specimens (most of them from Plymouth or Roscoff)
which have come under my notice the presence of asingle spine
on a colony has been quite sufficient to enable the species to be
identified with certainty as C. aculeata. It is perfectly true
that the lower parts of the zoarium may have an eburnea-
like appearance ; but the colony, if well grown, seems always
to acquire the acnleata form of the zowcia and internodes
towards the ends of the branches.

T have in no case found an ovicell of the type shown in fig. 6

1 Cf. C. acuminata, Busk, “Challenger” Rep.,” part 50, pl. iii, fig. 1.



ON THE BRITISH SPEOIES OF CRISIA. 161

(C. eburmnea) on a colony which, from the presence of spines
or from other characters, was found to belong to C. aculeata.
I cannot admit that there is sufficient evidence to show
that this form is merely a variety of C. eburnea. Both
in the form of its zoecia and in its method of branching
it is totally unlike this form, although it is sometimes with
difficulty distinguished from C. ramosa.

The branches of C. aculeata are usually slightly incurved,
but not pearly to the same extent as in C. eburnea; and it
does not possess the well-developed helicoid cymes of the
latter species. Many of the internodes bear two branches,
usually on opposite sides, but more rarely on the same side.
In well-developed colonies the terminal internodes, and espe-
cially those which possess ovicells, are commonly provided
with two branches.

The number of zoceeia in an internode is extremely variable ;
it is usually small in the lower internodes of a stem, such
numbers as 1, 2,38, and 4 heing common in this position., The
next parts of the stem, and the basal parts of the lateral
branches given off by it often assume an eburnea-like appear-
ance, the internodes consisting of 5 or 7 zocecia. At the ends
of well-developed branches the number usually becomes
higher ; a terminal internode with 22 zocecia has been observed,
although this number is higher than is usually the case.
When the terminal internodes have many zowcia they usually
bear two branches; but if the number of zowmcia is still larger
the number of branches may increase to as many as five.

The position of the branches is another very variable
feature. In the lower parts of a colony the branching takes
place commonly from 2, ; while higher up, although some of
the branches still come off from z;, others are given off quite as
commonly from z,;, and in many of these cases the zocecium
below the branch, and on the same side, bears a spine.
Branching may, however, take place from the higher zocecia of
an internode, as from 2z; or z,; and when several branches
come off from the same internode, those which are last
formed have a very high position in the iuternode. The
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most striking case observed illustrating this point had the
formula—
T+ 00 +1 +r,+r,+7+ ¢+ 1+ )

It cannot fail to be remarked that the character of the
branching is much more variable in this species than in
C. eburnea.

The joints are usually yellow ; the articulations which bear
the branches are usually short, and are then very similar to
those of C. eburnea; in some cases, however, they acquire
the form characteristic of C. ramosa.

Near the ends of the branches, where most of the zowcia
have polypides, the ends of the zoecia are, in most cases, long
free tubes, and are thus strikingly different from those of
C. eburnea. The free portions of the zocecia are either
gradually bent forwards from the point where they leave the
branch, or they may be bent forwards at a distinct angle from
this point. The curvature of the zocecia is, in either case,
different from that of C. eburnea. The zocecia are dis-
tinctly longer and more ¢ loosely aggregated” than in that
species; and the branches are usually of slenderer habit (as
recognised by Johnston?).

The ovicell is nearly always higher in the internode than in
C. eburnea. In the average of a considerable number of
observed cases the ovicell was in the position of the 5th—6th
member of the internode above the joint, and thus replaced
zg or gz. In one case the ovicell replaced the 8th zocecium,
and in another it was the 3rd unit of the internode; in no
case was it found lower.

The stem is not usually jointed above the ovicell ; and fig. 4
is, consequently, a somewhat exceptional case. As in the pre-
ceding species, the ovicell is normally borne by a terminal
internode ; and a considerable number of zoccia may be added
above the ovicell.

1 ¢Brit. Zoophytes,’ ed. 2, p. 286.
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C.ramosa, n.sp. Fig. 11,
Some of the characteristics of this species are well exhibited
by the formulal—
(T+1r+73)+ (11 +) 1047+ ) + 5+ +2)
=(12+y+7)+
=12+yr+r)+ )

=(5+00.4+ 7+ +r+r5+e+2)

=(6+,r+)

=(2)
| =(8+,r+7y+2)
'=(9+Ov.+7+rg+,|r+a-a+,r+x)‘

=(2)

} =(3+x)
=(9+4r+ry+2)
=(1+2)

=(4+7+2)
=(10+7r,42) 1

=(142)

The branching is seen to be very similar to that of C. acu-
leata, but the tendency, already manifested by that species, to
develop more than one branch from an internode, is here
carried much further, so that a considerable proportion of the
internodes have two branches each, while the terminal inter-
nodes, if the colony is well grown, will be found to have at
least two each.

The rule relating to odd- and even-numbered internodes, so
characteristic of C. denticulata and of C. eburnea, here
breaks down altogether, as, indeed, was the case to a consider-
able extent in C. aculeata. Odd-numbered internodes are
not much commoner than even-nnmbered ones, and either kind
may produce one or more branches, or be altogether branchless,
The first branch of an internode is, however—as in other
species—nearly always developed on the side of the basal
zoecium, and the last zocecium of an internode is very often

==(Z,

! Tt is obvious that, in the case of the ovicell-bearing internodes, some of
the branches are given off above the ovicells. For the purposes of the
formula, however, the ovicell is counted as an ordinary member of the inter-
node. A branch is probably never developed from the ovicell itself.
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situated on the side on which the last branch is developed,
thus causing the position of the hasal zocecium of the next
internode, and consequently of the first branch of that inter-
node, to be on the opposite side.

Just as C. eburnea is, on the whole, characterised by
branching from z,, so this species may be said to branch nor-
mally from z,, or to produce branches on the type (r, +,.27),
where n usually represents 2, or z,.

The extent to which this must be taken as a general rule
may be understood by the following analysis of the complete

formula of a well-developed colony :
Number of Cases.

(1) Internodes with one branch, originating from z, . .2
(2) Branches arranged on the type (r,+,r) . 5
3) M » o () or ("'3+5") . 5
@ . ” o ) S
G) - w (ratar) 5
(6) » » » (rtar) . 1
] 3 » (73“"47') . - 2
(8) One branch only, originating from z, . . 2
[C) I M A 8
() 5 2 z, . . A
1) » » » Z5 . . . .3

Total number of internodes which had developed branches 63
Only eight of the completely developed internodes were
branchless. Thus in this particular colony, in which no ovi-
cells were present, and in which no internode possessed more
than two branches—
30 p. c. of the branching internodes bore two branches ;

38 p.c . » »» one branch, originating from z,.
32 p. c. I~ ' 1 s . from other
zocecia.
100 p. c.

Or, adding together Nos. 1 to 4, the cases in which the branches
come off from 2, or in which the second branch is two zocecia
higher than the first, we find that these cases amount to 555
per cent. of the total number of branching internodes, and this
may be taken as a case which does not exaggerate this feature
of the branching.
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Since some of the internodes which bore branches were
immature, and had not had time to develop more than one
branch, the figures would have been slightly different if the
growth of the colony had been complete.

The symmetrical character of the branching noticed in other
species is also found in C. ramosa. Thus the branches
originating from an internode whose formula was (14+ g +7;)
developed altogether five internodes from which new branches
were given off; in two of these cases the branch was borne by
23, in two more by 2;, and in the last case by z; and other cases
of the same kind may easily be found.

The symmetry of the branching comes out with special
clearness in the case of some abnormalities, of which the
formula given on p. 163 is an example. Two consecutive inter-
nodes of the main stem represented in the formula give off
internodes whose formule are identical. One of these gives off,
on its right side, a lateral branch consisting of a single long
internode bearing an ovicell, and the other gives off a precisely
similar branch on its left side. Both of these ovicells have the
same deformity, having developed a constriction at a particular
point near their upper end ; and it will further be noticed that
the symmetry extends, to some extent, to the branches given
off by the internodes which bear these ovicells.

Fig. 12 represents an abnormal ovicell or zoecium of a type
found in more than one colony. The growing-point appears to
have started with the intention of developing an ovicell, and
then to have altered its original purpose, and to have developed
the incipient ovicell into an abnormal zoecium. This alteration
of purpose may have been due to the failure of the young
ovicell to develop the egg! which is normally found in the
immatare ovicell.

The point which immediately concerns us at present is that
each of two consecutive internodes of the same stem of this
particular colony developed lateral branches, one on each side
of the stem, aud that each of these lateral branches bore an
ovicell of this peculiar ‘“suppressed” form. The same colony

1 ¢ Proc. Cambridge Philosoph. Soc.,” vol. vii, p. 48.
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possessed two more of these suppressed ovicells, two ovicells
showing other abnormalities, and several normal ovicells,

In another colony a normal ovicell, with a “ suppressed
ovicell on a lateral branch on each side of it, was noticed.

In another case (fig. 13) a single internode bore no less than
four ovicells, and the colony to which this belonged possessed,
in different parts, four internodes, in each of which two ovicells
had been developed. It may be noted that the occurrence of
two ovicells, side by side, in the same internode, is deseribed
by d’Orbigny! in C. patagonica, apparently as a normal
feature of the species.

These cases, and the general remarks which have been made
with regard to the branching of various species of Crisia,
show that the growth of the colony is even more definite in its
character than would appear from a superficial examination,
and that in each particular species the tendency to vary is sub-
ordinated to certain principles of growth, which give rise to the
special symmetry which characterises the species.

The number of zocecia which compose an internode is even
more variable in C. ramosa than in any of the other species.
Generally speaking, the number is smaller near the base of the
colony, and larger near its periphery, although this rule is by
no means absolute. The length of the internode depends
mainly on the number of zowecia it possesses. The longest
which was measured was a terminal internode in which growth
had ceased, and which consisted of 28 units, of which the 10th
was an ovicell ; its total length being slightly more than 7
millimetres. These long internodes usually show a well-marked
double curve, like 2 much elongated S, just as was remarked
in C. denticulata; and they commonly bear 8, 4, or even 5
branches.

The appearance of the internodes depends greatly on the
condition of the zocecia. Near the ends of the branches the
zocecia generally have very long tubular mouths, and, for the
most part, contain a functional polypide. This is especially

t D’'Orbigny, A., ¢ Voyage dans I’Amérique méridionale,’ tome v, 4¢ partie,
1839 and 1846, p. 7, pl. i, fig. 1.
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true of actively growing colonies found early in the year: at a
later period, when growth isless energetic, the apertures may be
much less prolonged, and in many cases they are not more
prominent than in some specimens of C. denticulata, even
in the case of those zowcia which are not closed by a diaphragm.
Lower in the stem the tubular mouths are, in most cases, lost ;
the zocecium is closed by an oblique diaphragm, and no poly-
pide is present, The internode is then a flattened structure,
in which the apertures of the zocecia project even less than in
C. denticulata.

In an interesting abnormality found in August, two promi-
nent tubular apertures occurred, side by side; the extra
zocecium being in the position which would normally have been
occapied by a basis rami.

Busk! has made rather a point of the fact thatin C. conferta
the free tubular portion of the zoccium is not a mere produc-
tion of the peristome, but presents “ the same puncturation as
is seen on the rest of the cell.” This is certainly the case in
C. ramosa and in C. aculeata, and to a less extent in C.
denticulata. C.eburneais,in fact, the only species 1 have
examined in which the tnbular portion is usually merely a thin
prolongation of the peristome.

The average position of the ovicell is somewhat higher than
in C. aculeata; but that it varies greatly in position is ob-
vious from the formula—

(440041947 47+ +r)+

=(13+ 0v. 49+ gr+ry+grtr)+
It has never been noted to be lower than 4th in the internode;
but it is seldom so low as this. The branch may be jointed
above the ovicell, although most commonly the ovicell is borne
by a terminal internode, which usually possesses at least two
branches. When several branches are developed, two of them
are usually developed not far above the ovicell, one on each
side of the internode, whilst the other branches are developed
from the lower parts of the internode. This is the case in

! “Catalogue . . . . Brit. Museum,’ part iii, p. 7.
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fig. 11, and in both the above-cited formule in which the ovi-
cell replaces z, and z, respectively.

The joints of this species are yellow, or more rarely brown.
They are never black. Rootlets are very freely developed from
the base of the stem, and they may attain a great length.
They usually originate rather low on the zoecia and from their
lateral edges. As.in other species, they become very firmly
attached to stones and other objects, and form creeping stolons,
from which (as well as from rootlets which are not attached in
this way) fresh stems may originate. The colonies do not so
often consist of a single main stem as in C. eburnea. Itis
frequently remarked that the longest and most branched parts
of the colony are lateral hranches, and not parts of the main
stems.

Ovicells.—In C. ramosa (figs. 10, 11) the ovicells are consi-
derably larger than in any of the other species (see figures, all of
which are drawn to the same scale, and table of measurements
on p. 177). They are regularly pear-shaped, their main axis
being straight; they are much inflated above, their curvature
diminishing graduwally in all directions from their most pro-
minent portion. The aperture is in the form of a distinct
funnel-shaped tube, which is considerably smaller at its base
than at its mouth; and the mouth of the funnel, the actual
aperture of the ovicell, is more or less circular. In the shape
of the aperture this species differs from all the other British
forms.

The tubular aperture is of course not presentin incompletely
developed ovicells: an account of the development of the ovi-
cells will be given in a forthcoming paper. It must also be
noted that the aperture is liable to be broken away in old ovi-
cells, and that in many cases, where the ovicells or their con-
tents are not normally developed, the tube itself is not formed.
In normal and completely developed ovicells the shape of the
aperture is, however, a perfectly characteristic and constant
feature.

C. aculeata (fig. 4), which in some other respects is so
similar to C. ramosa, has a much smaller ovicell than that
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species {(compare fig. 4 with fig.11).! Its shape is very charac-
teristic, its most prominent portion being considerably nearer
its distal end than in C. ramosa. From this point the ovicell
slopes off very suddenly towards its aperture, and more gradu-
ally towards its base, although this latter slope is steeper than
in C. ramosa. The aperture is not borne on a distinct tube,
but it lies in a characteristic position on the zocecium next
above the ovicell, on the same side of the internode. This
zocecium curves forwards round the back of the ovicell, the
aperture of which is situated on it at the point where it makes
its appearance above the ovicell.

In C. eburnea (fig. 6) the ovicell is large—considerably
larger than in C. aculeata. Since the base of the internode
which bears it is distinctly curved inwards, the ovicell itself
has the same curvature at its base, as is best seen when the
ovicell is looked at from the side. The ovicell is well inflated,
and slopes away more gradually from its most prominent point
than in C. aculeata. The aperture is quite characteristic;
it is borne on a tube-like structure, distinctly broader at its
base than at its free end, and instead of being circular, as in
C. ramosa, it is transversely clongated, its lower border being
often slightly convex towards the centre of the aperture,

In C.denticulata (fig. 8) the ovicell is fairly large, and
usually becomes level with the flat surface of the internode
near its base, the distal portion of the ovicell being very pro-
minent. The aperture is not sitnated on a well-developed
tube ; it is not, however, on the surface of a zoccium, as in
C. aculeata, but is situated between two zocecia, and it is
very nearly sessile on the top of the ovicell, as was the case in
C. aculeata.

In all four species the aperture is connected with the top of
the ovicell at the point where the latter joins the front surface
of the internode.

The importance of the form of the aperture appears to have

! It must, however, be pointed out that the ovicell of C. ramosa may be
smaller, and that of C. aculeata larger, than in the particular specimens
figured.
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been almost completely overlooked by all previous writers on
Crisia. The aperture is often said to be absent, as indeed it
may be in injured or abnormal ovicells. As will be seen from
a later communication, a normal ovicell is, according to my
observations, never without an aperture from the time when
the ovicell is first developed at the growing-point to the time
when embryos are ready to escape from the ovicell. The cal-
careous aperture is, however, throughout the development
closed by a thin cuticular membrane, and the presence of this
membrane sometimes makes it difficult to see the aperture in
those cases in which this structure is not borne on a distinct
tube.

On breaking open an ovicell (fig. 10) it will be noticed that
the aperture leads into a space partially separated from the
rest of the ovicell by a valvelike structure of calcareous
nature. This valve has very definite relations to the structures
found in the interior of the ovicell, as will be described in my
subsequent paper. It springs from the posterior wall of the
ovicell, and passes obliquely forwards, being also attached to
the lateral walls of the ovicell in such a way as to leave a more
or less oval opening connecting the main cavity of the ovicell
with the aperture of the latter. The valve is most developed
at the back of the ovicell, and gradually dies away laterally as
it passes to the front wall of the ovicell, where it no longer
forms a distinet ridge.

This valve is developed in all the four species which are
specially discussed in this paper, but it appears to be less well
developed in C. eburnea than in the other species.

Note on C. cornuta, Linn., and C. geniculata, M.-Edw.

Until quite recently I had devoted no particular attention
to these forms, the specific identity of which appeared to be
perfectly established by such statements as those of Smitt,! to
the effect that they may both occur as branches of the same
stem. But, having recently found some ovicells of C. geni-
culata, I cannot help believing that the two forms are speci-

1 < Ofvers.,” &e., 1865, No. 2, p. 128.
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fically distinct, and a more careful examination of C. cornuta
has convinced me that Smitt’s statement may be explained
in such a way that it is unnecessary to follow him in his con-
clusion. _

Even if the two forms are not really distinet, it appears to
me worth while to call attention to what would then be an in-
teresting case of a definite variation of the ovicells correlated
with the presence or absence of spines on the zocecia,

C. geniculata consists typically of a series of internodes,
each of which is composed of a single zo®cium ; from opposite
sides of this zocecium arise a pair of branches which are not quite
at the same level. An excellent figure of this form is given in
Busk’s ¢ British Museum Catalogue’ (part 3),pl. i, fig. 2. On
comparing this figure with fig. 7 on the same plate (representing
C. cornuta), it will be seenthat C. cornuta exactly resembles
C. geniculata as far as those zoweia which bear two branches
are concerned; but that, as Busk points out (p. 3), one of the
branches is usually replaced by a jointed spine.

It is obvious that spines will be absent in C. cornuta if
two branches are developed from each zocecium. Further, the
spines are very readily brokeu off, and a close examination is
then sometimes necessary to discover the small basis with which
the spine articulates. From one or other of these causes I have
several times observed branchesof normal coloniesof C. cornuta
having a close resemblance to C. geniculata; and this may
be the explanation of Smitt’s statement referred to above.

In every casein which I have observed the ovicells—although
I must add that I have not obtained many ovicells of C. geni-
culata—I have noticed the following characteristic differences
between the two forms; a reference to Busk’s figs. 2 and 10
(L c., pl. i} shows that the forms examined by Busk were
similar to those which I have myself found. Busk’s fig. 4 (C.
geniculata) does not, however, quite agree with the specimens
which I have examined.

The ovicell of C. cornuta (fig. 9) is the basal and only
member of its own internode ; it bears a lateral branch on each
side, these branches originating at not exactly the same level.
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After the branches have been given off, the ovicell becomes
perfectly free, and is in this part considerably inflated. The
tubular aperture arises near the back of the ovicell, and is
usually bent somewhat backwards from its point of origin ; so
that, in looking at the branch from its “front’” surface, the
base of the tubular aperture is nearer to the observer than its
distal end.

In C. geniculata, on the contrary, a common arrangement
is as follows:—The basal member of the internode is an ordinary
zowcium (figs. 7 and 8), which gives rise to the ovicell as the
second member of the internode. Immediately above the
ovicell is another zoceeium, which gives off a lateral branch
near the level of the upper end of the ovicell. The basal
zocecium itself gives off a branch on the opposite side to the
ovicell. The internode may thus be represented as—

(|1+00.+1)
K4 75 (counting the ovicell as the basal member of its own side).

The ovicell itself is distinctly smaller than in C. cornuta, and
is not much inflated at its upper end. Its tubular aperture is
most distinctly bent forwards from its base, sometimes at a
very sharp angle, and the actual aperture is smaller than in C.
cornuta. Moreover, the ovicell is uot free, as in the latter
species ; the upper zocecium of the internode being closely
attached to its back along the greater part of its course. This
zoeecium ultimately becomes free from the ovicell, and curves
forwards above the upper end of the latter.

In other cases the ovicell may be the third member of the
internode, each of the two zoecia below it giving off a branch ;
and two zocecia, each bearing a branch, may occur above the
ovicell. The commonest arrangement seems to be either that
given in the above formula, or the occurrence of three branch-
bearing zocecia, one of which is below the ovicell and the other
two above it (cf. Busk’s fig. 2). The ovicellis, in any case, not
the lowest member of the internode, and one or two zocecia
are always attached to its back.

C. geniculata is a slenderer and more delicate form than



ON THE BRITISH SPECIES OF CRTSIA. 178

C. cornuta, its zocecia being distinctly longer and thinner than
in that specics; and spines seem to be never developed. As
already remarked, however, parts of the colonies of C, cornuta
may be devoid of spines.

Breeding Period and Occurrence of Species.

The speciraens from which the following statements are made
have been received at various periods from February to the end
of August. I have to offer my best thanks to those who have
most kindly assisted me by supplying me with material; and
especially to the staff of the Marine Biological Assoctation,
Prof. H. de Lacaze-Duthiers, and Mr. J. Sinel.

The dominant species at Plymouth is certainly C. ramosa;
although, strangely enough, T have not been able to obtain this
form from any other place, except from a bottle found in the
Morphological Laboratory at Cambridge. The contents of
this bottle came either from the Channel Islands or from Arran !

At Plymouth, C. ramosa is found commonly at depths from
4 to 30 fathoms. It is particularly fond of growing on stones,
but is found on other objects—e. g. glass bottles, shells, red
seaweeds, Cellaria, and sponges. When it grows in the last
position it appears to be in danger of being killed by the sponge,
which grows over its branches, The Crisia is, however, gene-
rally able to keep pace with the growth of the sponge, so that
only the basal parts of itscolonies are killed, or at least prevented
from having functional polypides by the sponge. The speci-
mens growing at 4—6 fathoms were usually much more luxu.
riantly branched than the few specimens which I received
from 20—30 fathoms ; and ovicells were obtained only from
those growing under the first set of conditions.

C. eburnea is also common at Plymouth, but is almost
always found on red seaweeds or on Sertularia. The restric-
tion of various species of Crisia to particular seaweeds, &c.,
has been often noted by previous observers.

Winther?! has stated that, in the Danish forms of this species,

1 G.Winther, * Fortegnelse over de i Danmark hidtil fundne Hav-Bryozoer,”
 Naturh, Tidsskrift’ (Kjgbenhavn), 3 Raekke, vol. xi, 1877-8, p. 7.
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the effects of the brackish water of the Baltic can be easily ob-
served by comparing colonies found in different localities.
Those which are nearest to the Baltic are said to have inter-
nodes consisting typically of thrvee zowcia; in those most
exposed to the North Sea the internodes have seven zoccia ;
and in colonies from intermediate localities they have five
zocecia. I have not been able to observe any definite correla-
tion between the character of the colony and the conditions
under which it was growing.

C. aculeata is less common at Plymouth than either of the
preceding species ; it was found on stones, red seaweeds, and
sponges, usually from 4—5 fathoms.

C. cornuta was fairly common, mostly on red seaweeds;
while C. denticulata was seldom found at Plymouth.

By the kindness of Prof. de Lacaze-Duthiers [ received a
large supply of Crisia from Roscoff in June. The species
most common at Roscoff appear to be C. aculeata, C. denti-
culata, and C. cornuta. C. geniculata was less common,
and only a few fragments of C. eburnea were found.

From Mr. J. Sinel I have received numerous specimens of
C.denticulataand C.cornutafound at Jersey ; and a smaller
supply of C. eburnea, C. geniculata,and C. aculeata. The
Jersey specimens of C. denticulata were found between tide-
marks, while Smitt! states that C. denticulata is pre-eminently
a deep-water form. It is, however, probable that Smitt’s speci-
mens did not really belong to this species.

I have also obtained specimens of several species from
Guernsey and the Scilly Islands.

Smitt’s valuable contributions to our knowledge of the Poly-
zoa have been devoted, so far as they concern the genus Crisia,
to showing that the ¢ species ” which have been distinguished
in this genus are in reality ‘ forms* of a single species.

In one of his later papers? Smitt remarks, speaking of the
forms of Crisia discovered in the expedition to which his paper

1 ¢« Qfvers.,” &c., 1865, No. 2, p. 138.

2 “Recensio, syst. . ... Bryozoorum .... Novaja Semlja, &c.,”
¢ Ofversigt. af-K. Vet.-Akad. Forhandlingar,” 1878, No. 3, p. 12.
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refers, that he has united all these forms in a single species;
and adds, ““ Auctores vero si sequi volumus, unamquamgque fere
coloniam speciem distinctam habebimus,”

Although not in the least denying the difficulty of finding
satisfactory specific characters other than those derived from
the ovicells, the result of my investigation has been to con-
vince me that Smitt has gone too far in denying the specific
value of certain of the forms of Crisia. My results may
possibly have to be explained by a suggestion which Smitt
himself throws out, to the effect that although the series repre-
sented by the various forms of Crisia living in different locali-
ties is one in which practically none of the stages in the evolu-
tion of the species have been lost, “vivit multis in locis altera
vel altera forma tam constans, ut species bene distincta facile
censeatur.”! Unfortunately, all the localities from which I
have been able to obtain Crisia are comparatively close to one
another ; but I have found no essential differences between the
forms of the same species from different localities.

Until it can be shown that any two or more of these forms
can be developed as branches from the same stem, or as stems
from the same rootlet, or at least that they can be produced as
descendants of the same form, it appears to me that it will be
impossible to deny to them the rank of species.

C. eburnea begins to breed at Plymouth as early as
February ; ovicells are present in great numbers during
March, April, and May, Towards the end of the latter month
they disappear, and are not normally present on colonies
found in the summer. March and April appear to be the
months when ovicells are most common.

C. ramosa commences to breed (at Plymouth) in April; a
few of the colonies found at this period have young ovicells.
In May young ovicells are very common ; and the breeding
period continues from this time until August at any rate.
Immature ovicells may be found even at this time, but they
are then becoming uncommon. The breeding season is pro-
bably at its height in May and June.

1 ¢ Olvers.,” &c., 1867, No. 6, p. 461.
VOL. XXXII, PART II.—NEW SER. M
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C. aculeata.—A large proportion of the specimens found
at Roscoff in June possessed numerous ovicells. At Plymouth
ovicells were also found in April and May. The breeding
season is probably much the same as in the last species,

C. denticulata.—The only specimens obtained in which
ovicells were common were found in Guernsey and Jersey in
the summer (June to August), which may probably be regarded
as the period at which the breeding season is at its height.

C. cornuta.—The ovicells appear to be commonest in
April and May.

C. geniculata.—The only specimens in which I have found
ovicells were obtained in the summer (June to August). I
have net found this species at Plymouth.
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In A, B, and C of the above table the length of the internode
is measured from joint to joint, or from joint to apex of
branch if the internode is a terminal one. The *‘average
length ”* of the zocia is obtained by multiplying the length of
the internode by two, and dividing by the total number of
zocecia. It is obvious that this does not give the total length
of the zocecium, since the zocecia overlap one another; but an
approximation to the distance from mouth to mouth of the
zoceecia is obtained. This gives a more accurate average than
any single measurement of this distance would give, since the
distance is variable in connection with the extent to which the
tubular apertures of the zocecia are developed, and with other
circumstances. For the purposes of this caleulation an ovicell
is counted as an ordinary zocecium. If the length of the inter-
node of five zocecia shown in fig. 6 (C. eburnea) be compared
with that of a corresponding number of units, beginning at the
the base, of the ovicell-bearing internode in the same figure, it
will be seen that the presence of the ovicell does not affect the
result so much as would be expected at first sight, and the
error due to counting the ovicell as a zocecium is further
lessened by the fact that this structure is nearly always borne
on an internode which consists of many zocecia.

In D the length is measured from any point of an aperture
to the corresponding point of the aperture of the next zocecium
on the same side of the internode, and in making this measure-
ment two zocecia whose tubular mouths were about equally
developed were always chosen.

E gives the total length of zocecia with well-developed tubular
apertures from the point where their cavity disappears at their
proximal end to the furthest point of their apertures,the measure-
ments being made from transparent (Canada balsam) speci-
mens.

G is measured immediately above the aperture of a zocecium.

H gives the length of the base with which a lateral branch
articulates.

I. The length of the ovicell is estimated by drawing an
imaginary line joining the point where the zocecium next
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below the ovicell on the same side becomes free from the
internode (if any tubular aperture is developed), with the corre-
sponding point on the zocecium next above that zocecium on the
other side of the internode. The “length *’ of the ovicell is
the distance of the middle point of the line drawn as above to
the uppermost point of the ovicell, exclusive of its tubular
aperture, if any.

This measurement, on the whole, gives the most constant
results. The relation of the zocecia below the ovicell to the
ovicell itself is very variable, and it is impossible to take one of
these zocecia as a fixed point, a more definite result being
obtained by taking two as described above. In C. eburnea,
if the ovicell is the second member of an internode the
imaginary line is drawn from the base of the tubular aperture
of the first member of the internode in a direction parallel to
that connecting the apertures of the upper pairs of zowecia in
the internode (a method which usually gives more satisfactory
results than might be supposed from fig. 6).

The numbers given in the table do not profess to give the
total limits within which a given part may vary, but the limits
given will probably be found to include nearly all the variations
which are observed in the ordinary forms of colonies.

In cases where it seemed to me possible to define the normal
size of any part, I have put this down as the * average * size.

An examination of this table shows that C. eburnea,
C. aculeata, and C. ramosa form an almost continuous
series, as Smitt indeed has stated. C. denticulata can hardly
be confused with any of the other forms, amongst which
C. eburnea is the one that resembles it the most.

It will be seen that in every single measurement given
C.ramosa is the largest of the four species, although in the
size of the entire colony C. denticulata surpasses it. In
many of the measurements, however, the upper limit of
C. aculeata overlaps the lower limit of C. ramosa. As
these are the two species which most closely resemble one
another, and which are probably very closely allied to one
another, it seems to me that it is not possible, in all cases, to
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distinguish between a colony of C. aculeata without spines
and a small variety of C. ramo sa unless ovicells are present.

C. ramosa further appears to me to be much the most
variable of all the species I have examined, while C. eburnea,
and, next to this, C. denticulata, are the least variable. The
greater variability of C. ramosa comes out perfectly clearly by
subtracting the minimum from the maximum measurements
given in the table, and comparing together the results thus
obtained for the different species. If this be done for D—7, it
will be found that, in every case except F (in which the limits
are the same for C. ramosa and C, denticulata), the greater
variability of C. ramosa comes out, and usually with striking
distinctness.

It will be noticed that the largest variations are in the length
of the zocecia, and, correlated with this, in the size of the
ovicells. But though the ovicells are thus by no means exempt
from variation, their principal specific character (the shape of
their aperture) is retained throughout without material alte-
ration.

The fact that a colony of C. eburnea, on which some
unusually small ovicells were present, has been taken into
account in the table, makes these structures appear much
more variable than they are in normal cases.
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EXPLANATION OF PLATE XII,

Tllustrating Mr. Sidney F. Harmer’s paper “On the British
Species of Crisia.”

(All the figures were drawn with a camera lucida under a Zeiss A objective,
and were subsequently reduced 24 diameters.)

Fre. 1.—C. denticulata.—Young internode, with growing-point, seen
from the back (Canada balsam preparation).

Fie. 2.—C. denticulata—TIlustrating the velations of an even-numbered
internode (pp. 147, 148).

Fia. 83.—C. denticulata.—Ovicell (p. 169, &c.).

F16. 4.—C. aculeata.—Ovicell (p. 168, &c.).

Fi6. 5.—C. eburnea.—Abnormality (p. 158).

Fic. 6.—C. eburnea.—Ovicell (p. 169, &c.). The internode which bears
the ovicell has two branches, an unusual arrangement.

Fie. 7.—C. geniculata.—Internode with ovicell ; back view (p. 172).

Fiz, 8.—C. geniculata.—Another ovicell, seen from the front (p. 172).
Greatest diameter of ovicell = 208 mm.

Fre. 9.—C. cornuta,—Ovicell (p. 171).

Fi1a. 10.—C. ramosa.—Ovicell broken open to show the valve (p. 170).
Fie. 11.—C. ramosa.—Branch with ovicell (pp. 163, 168, &ec.).

F16. 12.—C. ramosa.—* Suppressed” ovicell (p. 165).

F1e. 13.—~C. ramosa.—Internode which has abnormally developed four
ovicells (p. 166).
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