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XXXII. On the Anatomy and Physiology of the Spongiade.—Part II.
By J. S. BowersaNk, LL.D., F.R.S., F.L.S. &e.

Received June 17,—Read June 20, 1861 (continued from page 332, Philosophical Transactions, 1858).

Keratode

Is the substance of which the horny elastic fibres of the skeleton of the officinal sponges
of commerce are composed. It has, correctly speaking, no relationship either chemically
or structurally with horn, and Dr. GRANT has judiciously rejected the term ¢ horny fibre”
as applied to the sponges of commerce, and has substituted that of keratose by way of
distinction; and in accordance with that term I propose to designate the substance
generally as keratode, whether it occurs in the elastic fibrous skeleton of true Spongia,
which are composed almost entirely of this substance, or of those of the Halichondraceous
tribe of Spongiade, where it is subordinate to the spicula in the construction of the
skeleton, and appears more especially in the form of an elastic cementing medium. In
a dried state it is often extremely rigid and incompressible, but in its natural condition
it is more or less soft, and always flexible and very elastic. It varies in colour from a
very light shade to an extremely deep tint of amber, and it is always more or less trans-
parent. In its fully developed condition, in the form of fibre, it appears always to be
deposited in concentric layers; but in the mode of the development of these layers there
are some interesting variations from the normal course of production. As we find in
Aranea diadema, the common Garden Spider, that the creature has the power of modi-
fying the deposit of the substance of its web so that the radiating fibres dry rapidly while
the concentric ones remain viscid for a considerable period, so we find in the production
of the young fibres of the skeletons of the Spongiade in some species, as in those of
commerce, there is no adherent power at the apex of the young fibre, excepting with
parts of its own substance; while in Dysidea, and in some other genera, the apex of the
newly-produced fibre is remarkably viscid, adhering with great tenacity to any small
extraneous granules that it may happen to touch in the course of its extension; but this
adhesive character appears to be confined to the earliest stagés of its production only,
as exhibited at the apices of the newly-produced fibres, the external surface immediately
below the apex exhibiting no subsequent adhesive property.

LenMAN, in his ¢ Physiological Chemistry,” Cavendish Society’s edition, vol. i. p. 401,
states that Spongia officinalis of commerce consists of 20 atoms of fibroin, 1 atom of
iodine, and 5 atoms of phosphorus; and in treating of the physiological relations of
fibroin as regards sponges, he observes, “Its chemical constitution affords one of the
arguments why the Spongia should be classed among animals and not among plants,
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748 DR. J. S. BOWERBANK ON THE ANATOMY

since in the vegetable kingdom we nowhere meet with a substance in the slightest
degree resembling fibroin.”

From the general physiological characters of the skeletons of the Sertularian and
other Zoophytes, I had long suspected that their component parts were identical, or very
nearly so, with those of the skeletons of the Spongiade, and I therefore applied to my
friend Mr. GEorGE BowDLER BUCKTON to assist me in determining this point, and he
very kindly undertook to make comparative qualitative analyses of two species of
Zoophytes, Sertularia operculata and Flustra foliacea, with the fibres of Spongia offici-
nalis and of raw silk, and I cannot do better than quote entire the report of the results of
his examination :—

«“I have examined the Zoophytes you sent me, and have compared their deportment
under chemical agency, with that shown by white silk and the fibre of ordinary sponge.

“All the specimens were treated in a similar manner, being purified from foreign
matter, as far as possible, by boiling for two hours in water, and subsequently for the
same period in strong acetic acid. With the exception of Flustra, the substances exhi-
bited by this treatment little change in their outward appearance. Carbonate of lime
enters so largely into the composition of Flustra, that its disintegration by acids ought
to cause no surprise.

“From the results of the first seven experiments, which for convenience I have
arranged in a Table (see next page), I conclude that all these bodies contain the same,
or a very similar animal principle, which I suppose to be identical with MULDER’s fibroin.
The varying colours of the precipitates from tannic acid and ammonia, I think are
probably due to the traces of sesquioxide of iron present in the fibres, and the difference
in shade is simply caused by the greater or less preponderance of that metal.

¢ Although I have not been able to obtain fibroin in a state of chemical purity, I
would state that, to my knowledge, there is no vegetable principle which behaves itself
towards reagents in a manner similar to that shown by the substance of silk, sponge, &c.

“ MuLpER and CrookEWIT'S analyses show silk and sponge scarcely to differ in compo-
sition.

Fibroin from silk. Fibroin from sponges.
Carbon . . . . . . . 485 Carbon . . . . 465 to 485
Hydrogen . . . . . . 65 | Hydrogem . . . 63 63
Nitrogen . . . . . . . 173 | Nitrogen. . . . 161 16-1
Oxygen Oxygen |
Sulphur « « « . . . 277 | Sulphur ' ) )
&e. &. \ Phosphorus * .- 8 291

Iodine J
100-0 100-0  100-0

“ ScHLOSSBERGER has recently expressed his doubts of the identity of composition of
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these bodies, from the circumstance that silk is readily soluble in strong ammonia, satu-
rated with oxide of copper, whilst sponge is scarcely, or not at all, affected by long
maceration. My own experiments prove the same fact, yet it is not impossible that the
minute quantities of iodine, phosphorus, and sulphur present in sponge may modify the
solubility of the fibre.

“ Under the supposition that a resinous gum might act as a protection, portions of
sponge were boiled in benzol, ether, and alcohol, but these solvents did not modify the

characters in any noticeable degree.

Flustra
Soliacea.

Sertularia
operculata.

Spongia
officinalis.

Silk from Bombyz.

Ignited.

Yields a nitrogenous

odour.

Leaves much ash, in
the form of a fac-

Yields a nitrogenous
odour.

Leaves much ash, but
much less than the

Yields a nitrogenous
odour.

Leaves a white ash in
some quantity.

Yields a nitrogenous
odour.

Leaves much ash.

acetic acid.

The zoophyte disinte-
grates and leaves a
brownflocculent re-
sidue.

Form unchanged.,

Form unchanged.

simile of the frond. preceding.
Chiefly composed of
carbonate of lime.
Boiled in water and | Acid disengages much Apparently Apparently Apparently
subsequently  in carbonic acid. unaffected. unaffected. unaffected.

Form unchanged.

Washed and boiled in
concentrated  hy-
drochloric acid.

Greater part soluble
in the acid.

A brown gelatinous
mass remains.

Almost entirely dis-
solved after ten
minutes’ boiling.

Almost entirely dis-
solved.

The residue is gelati-
nous.

About £ soluble in
the acid.

Gelatinous residue.

A white

solution.

Ammonia gives simi-
lar reactions.

Tannic acid added to | A white precipitate, A white A rather copious white
the hydrochloric insoluble in acetic, precipitate. precipitate. precipitate.
acid solution. but soluble in oxa-
lic acid.
Potash added to the | Precipitation of a few No precipitate of Small quantityof age- | A few flocks precipi-
hydrochloric acid flocks. any consequence, latinous precipitate. tated.

Tannic acid added to
the above neutral-
ized solution.

An abundant yellow-
ish precipitate.

If alkali in excess,the

Abundant precipitate,

which turns reddish
purple by excess of

Abundant precipitate.

Coloured by excess of
alkali.

Copious precipitate,
which takes a flesh
tint by excess of
ammonia.

oxide of copper in
ammonia.

precipitate is violet. alkali.

Bichloride of mercury Slight white Slight precipitate. Slight precipitate. Precipitate rather
added to the hydro- precipitate. . more copious than
chloric solution. that from sponge.

Boiled in a solution of Insoluble. Insoluble. Perfectly soluble; not

again precipitated
by acetic acid.
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- «T consider, however, that this difference between sponge and silk in no wise affects
the question of the former substance being a product of the animal kingdom, which the
other experiments, I think, satisfactorily prove.”

In considering the results of these analyses with a view to proving the animal nature
of the Spongiade, the evidence afforded by the coincidence of its structural character
and its chemical constituents with those of Sertularia operculata, is still more conclu-
sive than that derived from the chemical constituents of silk; and, in truth, the action
of the chemical agents on the zoophyte and the sponge, as might naturally be expected,
are almost in perfect accordance.

Membranous Tissues.

These structures may be divided into two classes.

1st. Simple membranous tissue. ‘

2nd. Compound membranous tissue.

The first is a simple, apparently unorganized, thin pellucid tissue. It is evidently not
composed of an extension of keratode, as it is rapidly decomposed after the death of the
animal. It is found in abundance filling up the areas of the network of the skeleton
in a great variety of sponges, and it appears to be capable of secreting sarcode on both
its surfaces when thus situated; on the dermal membranes the sarcode is found on the
internal surface only.

Compound Membranous Tissue.—These structures consist of simple membranous tissue
combined more or less with primitive fibrous tissue. Their most simple forms exist in
the membranes lining the interstitial cavities of the sponge, and in the dermal mem-
branes.

It is difficult in some cases to discriminate between this class of tissues and simple
membranes, unless it be by the aid of their functional characters, as the compound
tissues are frequently quite as pellucid, although not so thin, as the simple ones.

In dermal membrane, and the membranous linings of the internal cavities of the
sponge, they are thin and very translucent; but on careful examination with high micro-
scopic powers and transmitted light, with the aid of polarization, we frequently detect
the elastic primary fibrous tissues incorporated with the structure. In the contractile
membranes forming the oscular diaphragms in Grantia, and in those at the base of the
intermarginal cavities in Geodia and Pachymatisma, they attain a greater degree of
thickness, and especially in the two latter genera of sponges. In Alcyoncellum, Quoy et
GAIMARD, the organization of their tissue is still more complex, and we there find them
constructed of repeated layers of membranous structure, abounding in primitive fibrous
tissue disposed in parallel linesin each layer, the fibres disposed so closely together as to
completely cover the membrane beneath, and the direction of the fibres being at various
angles to the axis of the great cloacal appendages of the sponge, so as most effectually to
aid in the contraction or expansion of that organ. They are so closely packed together
and so intermingled, that I could not ascertain their length; but from the gradual
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attenuation of some of their terminations, they would seem not to be continuous for any
considerable distance. On some of the layers of this compound membrane the fibres were
disposed in an even and continuous stratum, while on others they were gathered into broad,
flat, parallel fasciculi. "When the compound structure consists of several layers of fibro-
- membranous structure, the disposition of the fibres on the different layers is not coin-
cident. In some cases they cross each other at right angles, while in others the angle
does not exceed 45 degrees. The latter mode of arrangement appears to prevail in the
membranes connecting the great longitudinal fasciculi of spicula, forming to a great
extent the skeleton of the cloacal appendages of the sponge; while the arrangement at
right angles appears also in the tissues immediately surrounding the great skeleton fas-
ciculi. '

This fibro-membranous tissue abounds in the dermal and interstitial structures of the
gponges of commerce, but the greatest development of this structure is exhibited in the
genus Stematumenia.

Fig. 4, Plate XX VIIL. represents a small portion of the lining membrane of one of the
great excurrent canals of the common honeycomb sponge of commerce, in the condition
in which it came from the sea. The primitive fibrous tissue is seen arranged in a single
layer in parallel lines at right angles to the long axis of the canal, but partially obscured
by the stratum of sarcode on the membrane.

Fig. 3, Plate XX VIL. represents a small portion of the dermal membrane of a Stema-
tumenia, in which the primitive fibres are seen wandering in every direction over the
surface of the membrane.

Figs. 1 & 2 in the same Plate represent portions of a stouter and a more compound
membranous structure, from the walls of one of the great cloacal projections from
the surface of Alcyoncellum robuste, BowErBANK, MS. In this case the membrane is
strengthened by two or more layers of primitive fibrous structure, the parallel fibres of
each crossing the others at various angles.

Fibrous Structures.

- There are two well-characterized classes of fibrous structure.
1st. Primitive fibrous tissue.

2nd. The fibres of the skeleton.

1. Primative Fibrous Tissue.

The first of these tissues is exceedingly minute. The fibres are cylindrical in form,
and are usually of considerable length ; but where they are fully developed, they occur in
such numbers, and in such a matted condition, that I have been unable to separate an
unbroken one from the mass. They continue through the whole of their length as
nearly as possible of the same diameter, and there rarely appears to be any attenuation
towards their terminations, which are usually obtuse. They are evidently very elastic
and contractile. 'When partially separated from their attachments to the membranes, the
free ends seldom remain straight, and most frequently they curl considerably in dif-
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ferent directions. They appear to be perfectly solid; I could not by the aid of polari-
zation discover the slightest indication of a central cavity. They vary in diameter in
different species of sponge, and frequently even in the same individual. In a species
of Stematumenia from the Mediterranean, I measured an average-sized fibre which was
1i%s inch in diameter, while a smaller one, closely adjoining, measured g3 inch. In
this genus these fibres are more fully developed and larger in size than in any other
sponges with which I am acquainted. In the sponges of commerce, in the membranes
of which they are exceedingly numerous, they are much more slender. In one of the ex-
current canals of the common honeycomb sponge, one of the largest measured 15455 inch
in diameter, and one of the smallest 15347 inch. In the dermal membrane of the best
Turkey sponge they were still less, not exceeding tg§5g inch.

This description of fibre is not an absolutely necessary constituent of a sponge, and in
many of the Halichondraceous tribes it is exceedingly difficult to find even a single
straggling fibre on the interstitial or dermal tissues, while in other genera, as in Spongia,
Stematumenia, and Aleyoncellum, they form an important element in the structure of the
compound membranous tissues, in which they are closely disposed in parallel lines,
occasionally giving off branches, but never appearing to anastomose with each other like
the larger fibres of the skeleton.

These fibro-membranous tissues were described by me in the ¢ Annals and Magazine
of Natural History,” vol. xvi. p. 406, plate 14, figs. 1, 3, 4 & 5, in my description of the
‘genus Stematumenia. .

If a small portion of the dermal membrane of a young Stematumenia be carefully
removed from the surface of the sponge, the primitive fibres will be seen projecting from
the edges of the membrane in considerable numbers; and occasionally they may be seen
to be furnished with a terminal bulb, the greatest diameter of which is about three
times that of the fibre. The bulbs are variable in form; sometimes they are largest at
the base, or pear-shaped, at other times regularly oval, or nearly globular. By far the
greater number of fibres exhibit no bulbs at their terminations; those which have them
are always less in diameter than the general average of the fibres. Sometimes, but not
very frequently, the bulb exhibits faint traces of a nucleus. On examining the dermal
membrane by transmitted light and a linear power of 666, I found numerous globular
cells collected in groups on various parts of its inner surface, many of them having a
well-defined central nucleus; and among these cells I found the bulbs imbedded with
the fibres emanating from them, and in no respect differing in appearance from the non-
fibrous cells around them (Plate XXVII. fig. 5, @, ). On carefully observing a number
of these bulbous fibres that had been removed from their positions on the membrane, 1
found that the part of the fibre nearest to the bulb was frequently flexuous, as if in a
tender and immature condition, and in these cases the marginal line of the fibre was
continued without the slightest break or interruption into and around the bulb, as
represented in Plate XXVIL. fig. 6,a. At this period of the development the young
fibre does not measure above half the diameter of a mature one, and there is no indica-
tion of an ultimate separation from the bulb; but when the fibre has attained nearly the
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full size the separation is then distinctly indicated; the basal end of the fibre immersed
in the bulb becomes hemispherical, and a constriction appears at the junction of the
fibre with the exhausted cell. Sometimes, when thus affording indications of their ulti-
mate separation, the cell still retains its rotundity, but all indication of its nucleus has
disappeared, and it is perfectly transparent, as represented in Plate XXVILI. fig. 6, b;
while in other cases it is visible only as a collapsed and shrivelled vesicle adherent to
the hemispherical termination of the fibre, as represented in Plate XXVII. fig. 6,¢. 1
could not find the slightest indication of bulbs amid the matted mass of fibres lying on
the inner surface of the membrane, and it was only at the torn edges of the pieces of
membrane under examination, or among the groups of cells, that the bulbs in connexion
with the fibres were to be discovered.

2. Keratose Fibrous Tissue.

General character of the keratose fibres of the horny skeleton.—The essential character
of the fibres of the horny skeleton is, that their normal form is always that of a cylinder,
while the network of the skeletons of the Halichondroid sponges, which approach
nearest in structure to that of spiculated keratose fibre, is always more or less irre-
gular in shape; and in the fully developed state, generally compressed to a very consi-
derable extent; but a careful examination of the youngest portions of the two forms of
skeleton-tissue will always render the difference in the two structures apparent. In the
spiculated keratose fibre the keratode is always the predominant element, and the spicula
the subordinate one; while in the skeletons of the Halichondroid sponges the spicula
always predominate, and the keratode is merely the secondary or surrounding medium.
In the former structure, in the extension of the terminations of the skeleton, the keratode
is the leading element, while in the latter the spicula take the lead.

The fibre is formed of a succession of concentric layers, its increase in diameter being
apparently effected at the external surface. Its longitudinal extension appears to be
caused by a progressive elongation of their terminations, and new fibres are frequently
to be seen pullulating from the sides of the mature ones. In the dried state it is often
extremely rigid and incompressible, but in its natural condition, notwithstanding there is
frequently an internal axis of extraneous matter or of spicula, it is often remarkably soft
and flexible. The spicula, although immersed in the fibre, evidently possess a consider-
able amount of mobility within the surrounding medium.

The colour of the fibres is always amber-yellow, varying in different species from a very
light to a deep yellow brown tint, and it is always semitransparent.. In the living state,
when the fibres happen to touch each other, whether by their terminations or laterally,
they appear at all times to unite.
~ The keratose skeleton-fibres vary in their organization to a very considerable extent,
but the whole of them may be comprised in the following eight typical forms:—

1. Solid simple keratose fibre.
2. Spiculated keratose fibre.
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Multi-spiculated keratose fibre.
Inequi-spiculated keratose fibre.
Simple fistulose keratose fibre.
Compound fistulose keratose fibre.
Regular arenated keratose fibre.
Irregular arenated keratose fibre.

O N> O

1. Solid Simple Keratose Fibre.

The typical form of this description of fibre is that which forms the skeleton of the
Turkey sponges of commerce, the structure of which I described in a paper read before
the Microscopical Society of London, and published in vol. i. p. 42 of its ¢ Transactions.’
The mature fibre is perfectly sijli(\i, and no vestige of a central cavity can be observed in
any part of it, either when viewed by transmitted light, or in transverse sections of the
fibre, by the aid of a Lieberkuhn. Otcasionally, but very rarely, I have seen, in young
and immature fibres, faint and irregular indications of there having been a very small
central cavity in perhaps the earliest period of their development, but in the mature
fibre I have never been able to trace such cavities (fig. 7, Plate XXVIL).

This description of fibre is occasionally surrounded by a membranous sheath, omn
which is imbedded a beautiful system of hollow fibrils or vessels, which sometimes wind
round the skeleton-fibre in a spiral direction, at others assume a longitudinal course,
giving off short cecoid branches, or form a complex and irregular network. In an
Australian sponge in my possession, the latter mode is the only form in which they
occur. In some of these minute fibrils or vessels I observed numerous minute globules,
which were rendered moveable by a slight pressure on the glass under which they were
exhibited. The mean diameter of these tubes or vessels was g3 inch. This tissue
is of rare occurrence, and I have been unable to determine whether it is a specific
character, or whether it is due to a peculiar condition of the sponge. Fig. 9, Plate
XXVIIL represents a portion of fibre from the skeleton of one of the sponges of
commerce. Fig. 10, Plate XX VIIL is from a rigid species of Australian sponge. This
singular tissue is described more fully in a paper which I read before the Microscopical
Society of London in 1841, and which is published in their ¢ Transactions,” vol. i. p. 32,
plate 3.

2. Spiculated Keratose Fibre.

‘This structure is essentially a solid form of keratose fibre, no central cavity ever being
visible in its axis. The normal form of the fibre is cylindrical, but it is occasionally
more or less compressed, and always contains a thin central line or axis of spicula
arranged in longitudinal series. The spicula are secreted within the fibre, and are neaﬂy
uniform'in size, and always of the same shape in the same species of sponge. In the
production of the young fibres, the projection of the new keratode and the secretion of the
new spicula appear to be simultaneous. In this class of structure the keratose fibre is
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the predominant element, and the spicula the subordinate one, and we accordingly
frequently find the fibres destitute of spicula for short distances; but these occurrences
are the exceptions, and not the rule of the structure. TFig. 8, Plate XXVIL repre-
sents a portion of a longitudinal section of the skeleton of Halichondria oculata,
J OHNSTON.

The mode of the progressive development of this form of fibre is interesting. In a
young specimen of Halichondria Montagui, JOENSTON, 1 observed that when a new fibre
was projected from the skeleton it usually contained a single spiculum, thinly covered
by keratode at the apex, and more thickly so towards the basal end. Another spiculum
followed the first, the terminations of each overlapping the other; and at the junction of
the two, the keratode was accumulated in the form of a plumber’s joint, as represented
in Plate XXVII. fig. 9, so as to give additional strength to the junction of the spicula,
while the middle portion of the second spiculum remained very thinly covered by
keratode. 'When the distal end of the new fibre has attained its proper length, or has
become cemented to the side of another fibre, the remaining portion of the keratode is
produced, and the fibre then assumes a regular cylindrical form.

3. Multi-spiculated Keratose Fibre.

This description of fibre is literally a cylindrical mass of spicula cemented together by
keratode, and surrounded by a thin case of the same substance. The spicula are exceed-
ingly numerous, and very closely packed in parallel lines in accordance with the axis of
the fibre. They are nearly uniform in size, and always of the same shape in the same
species of sponge. In this structure the spicula are the predominant element, and the
keratode the subordinate one. Fig. 10, Plate XXVIL represents a fibre from the
skeleton of Halichondria wgagropila, JOHNSTON.

4. Inequi-spiculated Keratose Fibre.

This form of fibre is composed of an infinite number of spicula disposed in every
possible direction, cemented together by keratode, and surrounded by a sheath of the
same material. The spicula agree in form in all parts of the sponge, and are nearly of
the same size. In these fibres the spicula are the predominant element, the keratode the
secondary one. In the only sponge in which this form of structure has yet been found,
Raphyrus Griffithsii, BOWERBANK, MS., the fibre is very unequal in size and much varied
in its form, frequently becoming very much flattened and expanded. Fig. 11, Plate A.
represents a longitudinal section of a small portion of a fibre from the skeleton, showing
the irregular disposition of the spicula within it.

5. Simple Fistulose Keratose Fibre.

This form of fibre is usually very much larger and more rigid than the solid keratose
fibre. It is cylindrical, and continuously fistular. The great central cavity of the fibre
usually occupies about one-third of its diameter. It is nearly uniform in its size, but
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occasionally it is dilated considerably for a short space, and then resumes its original
diameter. In the young state the cavity is as large, or nearly so, as in the adult fibres,
while the enveloping keratode assumes the form of a thin transparent amber-coloured
coat, which in the mature state becomes frequently twice or three times the thickness of
the diameter of the central cavity.

This great fistular space is lined with a thin pellucid membrane, which, in specimens
that have been dried, appears to have been thickly covered with minute semi-opake
granules. At the time of my first description of this form of fibre, published in the
¢ Annals and Magazine of Natural History,” vol. xvi. p. 403, I believed that in the natural
condition of the fibres the central cavity was an open tube; but subsequent observations
on specimens which have never been dried, have led me to the conclusion that the whole
of the central space is filled with a minutely granulated substance which presents all the
characteristics of sarcode.

There is no communication between the great central fistular canal and the inter-
stitial cavities of the sponge, the projecting ends of the fibres of the skeleton being
always hermetically sealed. Fig. 12, Plate XXVII. represents a fibre from the spe-
cimen of Spongia fistularis, LAMARCK, in the Museum at Edinburgh, given to me by
Professor GRANT.

6. Compound Fistulose Keratose Fibre.

In its external characters this description of fibre is not, under ordinary circumstances,
to be distinguished from simple fistulose fibre, and it is only when submitted to a micro-
scopic power of about 100 linear that its peculiar character can be detected. We then
find that the fibre is not only furnished with a large continuous central cavity, but that
it also has numerous minute cecoid canals radiating from the central one at irregular
distances, at nearly right angles to its axis. These secondary canals are very unequal in
length, and very few of them reach to near the external surface of the fibre, and none of
them appear to perforate it. Their direction is usually in a straight line from the parent
canal ; a few assume a tortuous direction, and a still fewer number bifurcate or branch.
Within the central tubes of the fibres there are frequently one or two minute simple
tubular fibres; when more than one they do not unite, but they divide and traverse each
a separate cavity, when they happen to reach one of the anastomosing points of the great
skeleton-fibre. The structures are described more at length in the ¢ Annals and Magazine
of Natural History,” vol. xvi. p. 405, under the head of “Aduliskia,” a new genus of sponges,
founded principally on the compound fistulose structure of its skeleton-fibres. Fig. 18,
Plate XXVII. represents a portion of compound fistulose keratose fibre as seen with
a linear power of 100. Fig. 14, a portion of a similar fibre under a power of 300
linear.

1. Regular Arenated Keratose Fibre.

This description of fibre under ordinary circumstances has very much the appearance
of simple fistulose fibre, but when examined by transmitted light with a linear power of
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about 100, we find in the centre of the fibre a series of grains of extraneous matter,
occupying the place of the large continuous canals of the fistular forms of fibre. The series
of extraneous matters is not always continuous, and when an interruption takes place the
fibre becomes solid, or faint traces only of a central cavity remain., The mode of the
inclusion appears to be due to the extreme terminations of the young fibres being viscid,
and thus seizing on any extraneous particles that happen to come in contact with them.
The growing keratode quickly envelopes them, and proceeding on its course of extension,
seizes in like manner on other particles of sand or solid matter, and thus a continuous
and regular chain of extraneous material is imbedded in the axis of the fibre, as repre-
sented by figs. 1 & 2, Plate XXVIIL. This description of fibre is found in a great
variety of keratose sponges, and especially among the coarse rigid skeletons of the
Australian species, as represented by fig. 1, Plate XXVIIL. ; and among the flexible
sponges, as represented by fig. 2, Plate XXVIIIL.

8. Irreqular Arenated Keratose Fibre.

I have described this form of fibre in a paper descriptive of two species of Dysidea,
read at the Microscopical Society of London, Nov. 24, 1841, and subsequently published
in vol. i. p. 63 of their ¢ Transactions.’

The adult and fully produced fibre is frequently half a line or more in diameter. It is
built up in all parts of its substance of grains of extraneous matter, each one being
separately enveloped in keratode. The adhesive power in the young progressing fibre not
being confined to its apex only, its sides also seize upon the surrounding grains of solid
matter, and the keratode speedily passing round and enveloping them, the whole fibre
becomes a solid cylinder of irregularly imbedded molecules. There is a great variety of
substances imbedded in these fibres, dependent, as a matter of course, on the amount of
material surrounding them at the period of their development. The skeleton of Dysidea
fragilis, JOHNSTON, a British species very common on the south coast of England, presents
one of the best types of this form of fibre. And single grains of sand are frequently to
be found among the fibres of the surface of the sponge, elevated on short pedicels of the
rapidly growing young fibres, sometimes entirely, and at others only partially enveloped
by the progressing keratode. Figs. 3, 4, & 5, Plate XXVIIL, represent portions of
fibre from the same individual.

This genus of sponges appear, to the best of my knowledge, to be the only animals
that construct an internal skeleton almost entirely of extraneous materials.

Siliceous Fibre.

This structure is widely different from any of the keratose fibres which contain
either secreted silex in the state of spicula, or extraneous silex in the form of sand.
The whole substance of the skeleton fibre consists of solid silex, secreted and deposited
in concentric layers, exactly after the manner of the secretion of pure keratode in the

fibres of the sponges of commerce. When cleansed from the sarcodous matter by which
9L2
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they are surrounded in a living state, the fibrous skeleton bears a striking resemblance
to fibres of spun glass, and is quite as pellucid and colourless as the artificial material, and
the dead sponge quite as brittle. The fibrous skeleton of Dactylocalyx pumicea, StuTca-
BURY, in its mode of arrangement strikingly resembles that of one of the sponges of com-
merce; it is equally complex and irregular in its structure, and the component fibres
quite as much anastomosed. In that species the fibres are smooth and cylindrical, but
in others they frequently abound with minute, obtuse, wart-like elevations.

There is every indication in the skeletons that the increase in diameter, and the exten-
sion in length in the fibres are effected in the same manner as in the solid keratose
fibres. The free terminations of the young fibres have the same attenuated but obtuse
form, and the pullulation of the young fibres from the sides of the mature ones is quite
as apparent as in their keratose congeners; but, in the young state, they never appear
to be viscid, as the keratose ones frequently are; and extraneous matters are never
detected at their apices, or on their substance.

There are two distinct forms of this class of fibre :—

1st. Solid siliceous fibre.

2nd. Simple fistulose siliceous fibre.

The structure of solid siliceous fibre is very similar to that of solid keratose fibre.
Occasionally there are indications of a former existence of a minute central canal, but
in the fully developed fibre this is rarely visible. The external characters of these fibres
vary in each species. In a new siliceous sponge in the British Museum, designated by
Dr. Gray MeAndrewsia asoica, the fibres are quite smooth, as represented in Plate
XXVIIL fig. 6.  But in the greater number of species they are more or less tuberculated,
as in Plate XX VIIIL. fig. 7, which represents a group of fibres from the type-specimen of
Dactylocalyx pwmicea, STUTCHBURY, a portion of which is in the possession of Dr. J. E.
GraY. In other species in my possession the tuberculation is very strongly produced,
as represented in a few fibres of Dactylocalyx Prattii, BowERBANK, MS., Plate XX VIIL
fig. 8.

Of the 2nd form, simple fistulose siliceous fibre, I know but one example, and that is
the remains of the siliceo-fibrous sponge on which the beautiful specimen of Kuplectella
cucumer, OWEN, is based.

The tubulation of the skeleton-fibre is very similar to that of some varieties of simple
fistulose keratose fibre, but the central cavities are not so invariably continuous as in the
keratose varieties of fistulose skeleton-fibre. Fig. 11, Plate XXVIII. represents a small
piece of the spinulated simple fistulose fibres of the skeleton of Dr. ArTHUR FARRE’S
specimen. The spinulation of these fibres is a remarkable character. It is the only case
of the production of acute spines on the skeleton-fibre of a siliceo-fibrous sponge with
which I am acquainted.
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Prehensile Fibre.

In the course of my examination of the fibrous skeleton-tissues, I have found but one
instance in which they have developed prehensile organs to assist in the attachment of the
sponge, and this is in a minute siliceo-fibrous species, parasitical on the base of a specimen
of Oculina rosea, from the South Sea. In this sponge the basal fibres curve downward in
the form of numerous small, nearly semicircular reversed arches, from the lowest portions
of each of which there is a short stout portion of fibre projected ; and at about the length
of its own diameter downwards, a ring of stout prominent bosses, six or eight in number,
is produced, very considerably increasing its diameter at that part, immediately beneath
which the fibre is attenuated to a point. These singular organs are admirably calculated
to penetrate the porous cavities or fleshy envelopes of the coral, and thus to securely
attach the sponge to its adopted matrix (Plate XXVIII. fig. 12).

Cellular Tissue.

The cellular structures in the Spongiade are few and very simple in form. We find
no series of conjoined cells in the body of the sponge, as in vegetable tissues. The
only forms in which true cellular structures occur in the bodies of sponges, are those of
detached spherical molecular cells, and of discoid or lenticular nucleated cells. Cellular
structures of the first form are found in abundance on the fibres of many species of the
true sponges, and are believed by Dr. Jounston to be the reproductive organs of that
genus. They are very minute; an average-sized one measured 1355 inch in diameter.
They are pellucid, and afford no indications of a nucleus, either single or multigranulate.

Imbedded in the sarcodous stratum on the interstitial membranes in many of the
Halichondroid tribes of sponges, we frequently find numerous compressed circular cells.
In the greater number of cases they are so translucent as to readily escape observation,
even with a tolerably high power; but in other species, as in Ecionemia acervus, BOWER-
BANK, MS., a new genus of sponges from the South Seas, in the collection of the Royal
College of Surgeons, and in Halichondria nigricans, BowERBANK, MS., a British species,
these tissues are developed in a more than usually distinct condition.

In the first-named sponge they are thickly dispersed on the surfaces of the interstitial
membranes, but without any approach to order or arrangement. They are decidedly
lenticular in form, with a well-defined transparent nucleus, which varied in size from
about one-fourth to three-fourths the diameter of the cell in which it was contained.
The cells varied considerably in size ; the largest I could find was 33l inch in diameter,
and one of the smallest g5y inch, but the greater number were about 5445 inch in
diameter (Pl. XXVIIL fig. 13). In Halichondria nigricans they do not appear to be
quite so convex as in Eeionemia acervus, nor are they so numerous as in that species, but
they are somewhat larger in size; one of the largest measured 3355 inch in diameter,
and a small one 5355y inch; they are represented én sitw in Plate XX VIII. ﬁg. 14.

The only instance with which I am acquainted of a conjoined arrangement of such
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cells exists in the envelope of the ovaries * of Spongilla Carteri, the species described
by CarrER in his “ Account of the Freshwater Sponges in the Island of Bombay,”
which that author believed to be Spongilla friabilis, Lamarck, but which proves to be a
distinct species, which I have named after its discoverer, as a slight recognition of the
good services he has rendered to science by his excellent and accurate observations.
These cells may be detected in sifw after the envelope of the ovary has been sub-
mitted for a very short time to the action of hot nitric acid, so as to render the coriaceous
envelope semitransparent without destroying it. The structure of its walls is then seen
to consist of linear series of cells, closely packed together in lines of six or eight in
each, radiating from the centre of the ovary to its external surface. They do not appear
to be absolutely in contact with each other, but are usually seen to be separated by a
thin stratum of a transparent substance, probably an indurated membrane or sarcode. At
the surface of the envelope they frequently appear to be somewhat hexagonal from mutual
compression. I could not detect a nucleus in any of them (Plate XXVIIL. fig. 16).
Carrer and other writers on Spongilla have designated the granulated forms of the
sarcode in those sponges, “ Sponge cells,” but I cannot coincide with that opinion. I
have frequently tried in vain to detect a proper coat of cellular tissue on the Amceba-
like granular masses into which Spongille fluviatilis resolves itself at certain periods of its
existence, and neither in a healthy and active condition, nor in a state of partial decom-
position, have I ever been able to satisfy myself of the existence of a surrounding mem-
brane. It appears to me that these bodies are the result of a natural resolution of the
sarcode into granular masses of various sizes, each of which, on being liberated from the
parent body, becomes an independent gemmule, which is capable of reproducing the
species of sponge from which it emanates. And I have long suspected that the Ameebse
found in ponds and rivers, and also in sea-water, are not in reality distinct species of
animals, but that they are free portions of the sarcode of various species of Spongiadze.

Sarcode (Physical Character)

is a pellucid, semitransparent gelatinoid substance, variable in colour and insoluble in
water. It driesreadily, and its physical characters are restored by immersion in water with
little or no apparent alteration. It is usually spread thinly and rather evenly over the
internal tissues, but the surface is rarely perfectly smooth ; sometimes it aboundsin obtuse
elevations, and occasionally separates naturally into innumerable irregularly round or oval
masses which are exceedingly variable in size. When examined by transmitted light
with a microscopic power of 400 or 600 linear, it is always found to contain innumerable
minute molecules of apparently extraneous animal or vegetable matter, the molecules
being always more or less in a shrivelled or collapsed condition, and very variable in size.
Occasionally it is found abundantly furnished with lenticular nucleated cells, nearly
uniform in size, and often highly coloured. Fig. 1, Plate XXIX. represents a portion of

* These bodies have hitherto been termed Gemmules. For their characters as ovaries I must beg to refer
the reader to the section of this paper on Reproduction.
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the interstitial membrane of the honeycomb sponge of commerce, with the sarcode in its
natural condition, filled with the remains of the nutrient molecules in a collapsed state.
Figs. 13 & 14, Plate XXVIII,, exhibit the same tissues with the addition of nucleated
cells immersed in the sarcode. In the sponges of commerce it is exceedingly largely
developed, and nothing can be more different in character than their soft and flexible
skeletons and the animal in its natural condition. Specimens of it in this state, which
have been preserved in spirit immediately on being taken from the sea, have the whole
of their interior nearly as solid and firm as a piece of animal liver, the colour being a very
light grey or nearly white. While the sponge, as a whole, is sensitive and amenable
to disturbing causes, the sarcode does not appear to be especially so, as I have frequently
observed a minute parasitic annelid which infests the interior of Spongilla fluviatilis,
passing rapidly over the sarcodous surfaces, and biting pieces out of its substance with-
out apparently creating the slightest sensation to the sarcode, or at all interfering with
the general action of the internal organs of the sponge; and in many cases we find fora-
miniferous and other minute creatures permanently located in its large cavities without
appearing to cause it the slightest inconvenience.

When separated from the living sponge, it has at certain periods an inherent power of
locomotion ; small detached masses of it may be observed slowly but continuously
changing their form, and occasionally progressing in. different directions; and CARIER, in
his valuable ¢ History of the Freshwater Sponges of Bombay, describes such detached
masses of sarcode, when progressing and encountering a fixed point, as dividing longi-
tudinally to avoid the impediment, and again uniting when it has been passed. This
gliding motion appears to be dependent on an inherent contractile power, as no cilia
have been detected on the surface of such locomotive masses. DusarRDIN has recorded
similar movements in portions of the sarcodous substance from specimens of his genus
Halisarca ; and similar observations have been recorded by LieBERKUHN and other
writers during their observations of the Spongiade. I have frequently, at different
seasons of the year, taken portions of the sarcode from living and healthy specimens of
Spongilla, in which I could not by the closest observation detect these motions, which
are so readily to be seen at other periods of their existence ; and even at the same period
of the year the sarcode of some specimens exhibits these motions, while in others they
could not be detected. I have often sought for these phenomena in portions of the
sarcode of Halichondria panicea, Hymeniacidon caruncula, and other marine species, but
1 have never yet been fortunate enough to detect them. It is highly probable that the
capability of such motions exists in the sarcode of these and other marine species for a
limited period, but it does not appear that such powers of motion are a constant con-
dition of this substance.
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ORGANIZATION AND PHYSIOLOGY.

Previously to entering on the subject of the organization and physiology of the Spon-
giadee in detail, it will be necessary to take a brief view of the general structure of these
animals. Whatever may be their form, or however they may differ from each other in
appearance, there are certain points in their organization in which they all agree. In
the first place, however variable in its form and mode of structure, there is always a
skeleton present, on which the rest of the organic parts are based and maintained.
Amidst the skeleton, and intimately incorporated with it, are the interstitial canals, con-
sisting usually of two series; the first appropriated to the incurrent streams of the
surrounding water, and the second to the excurrent streams, which they conduct from
the interior of the sponge to the oscula at its surface, through which they are discharged.
In the event of the absence of the excurrent system of canals, their office is served by the
great cloacal cavities that are found to exist in some forms of sponges, extending from
the base to the most distant parts of the animal. Beside these large cavities, there are
others of a much more limited character, the intermarginal cavities, which are situated
immediately below the dermal membrane, and which receive the water inhaled by the
sponge and transmit it to the mouths of the incurrent canals which have their origin in
the intermarginal cavities. Enveloping the entire mass of the sponge we find the dermal
membrane, in which are situated the pores, for inhalation and imbibition of nutriment,
and the supply of the incurrent canals; and the oscula, through which the excremen-
titious matter and the exhausted streams of water are poured from the terminations of
the excurrent canals. These parts are indispensably necessary, and are always present
in a living sponge. ~ The attachment of the Spongiade to the body to which they adhere
during life, is effected by a basal membrane which presents a simple adhesive surface,
following the sinuosities of the body on which it is based, entering into holes or cracks
and filling them up, thus securing a firm hold of the mass on which they are fixed.
When it so happens that the locality consists of sand or mud, their bases frequently
assume the form of branching roots, which penetrate the mud or sand to a considerable
extent; but they are never instrumental to the nutrition of the animal—they are simply
the anchors by which it is fixed to its locality for life.

The Skeleton.

There are two important distinctive characters for consideration in treating of the
structure of the skeleton:—1st, the material of which it is constructed; and 2nd, the
mode of its arrangement.

By selecting the material substance of the skeleton as the means of dividing the
Spongiadee into Orders, we obtain three well-defined natural groups, which are again
readily divisible into Families, based on the mode of the arrangement of the substance
of which the skeleton is composed.

The first Order, the Keratose, consists of those sponges in which the primary essential
material of the skeleton is keratose fibre. It may be divided into three families.
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1. Those which have the skeletons constructed of keratose fibre only, as in the best
cup-shaped Turkey sponges of commerce.

2. Those having skeletons of arenated keratose fibre, as in the genus Dysidea.

3. Those which have the skeleton formed of spiculated keratose fibre, as in Halichon-
dria oculata, JonnstoN, Chalina, GRANT, and in the common West Indian sponges of
commerce. ’

In the first Order no earthy material of any kind enters into the structure of the skeleton.

The sponges of the second Order, by a natural transition, pass into the nearly allied
great division of the Halichondroid skeletons; the inability of the former to secrete
silex in an organized form connecting them closely with the pure keratose, while the
instinctive habit of appropriating extraneous matters recognizes the necessity of other
material in the skeleton beside pure keratode ; and the secretion of it by its own inherent
power appears to be the next natural step in the development of the animals.

In the third division, those having the skeleton formed of spiculated keratose fibre, -
the gradual development is also well marked, as in one group we find spicula onlyin the
primary or radiating fibres of the skeleton, while in another group they are found in
both the primary and secondary fibres, and are developed simultaneously with the kera-
tode of the young fibres of the skeleton.

The second Order, the Silicee, comprises those sponges in which the primary essential
material of the skeleton consists of siliceous matter; and this also may be divided into
three sections or families. ‘

1. Those sponges which have the skeleton composed of solid siliceous fibres, as in
Dactylocalyz pumicea, STUTCHBURY.

2. Those in which the skeleton consists of spicula dispersed without order on mem-
branous surfaces, as in Hymeniacidon caruncula, BOWERBANK.

3. Sponges having the skeleton consisting of spicula cemented together into a network
by keratode, as in Halichondria panicea, JOHNSTON.

The third Order, the Calcarew, has the primary essential material composed of calca-
reous matter, and this division contains but one section or family :—

Spicula dispersed without order on membranous surfaces, as in the genus Grantia as
defined by JoHNSTON. -

1. Keratose ... a Keratose fibre only.
b. Arenated keratose fibre.
Spiculated keratose fibre.
2. Siliceee . . . .. a. Solid siliceous fibre. ,
Spicula dispersed on membranes.
¢. Spicula cemented together by keratode.
3. Calcare . . . a. Spicula dispersed on membranes.

o

ol

S’pz’cula of the Skeleton.

The spicula in the skeletons of the Spongiadz appear to be the homologues of the
MDCOCLXIL. 5 M
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