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XXXII. On the Anatomyand Physiologyof the Spongiadca.-Part II.
LL.D., F.R.S., F.L.S. &c.
By J. S. BOWERBANK,
Received June 17,-Read June 20, 1861 (continuedfrom page 332, PhilosophicalTransactions,1858).

Keratode
Is the substanceof which the hornyelastic fibres of the skeleton of the officinalsponges
of commerceare composed. It has, correctlyspeaking,no relationshipeither chemically
has judiciouslyrejectedthe term " hornyfibre"
or structurallywith horn,andDr. GRANT
as applied to the sponges of commerce,and has substituted that of keratose by way of
distinction; and in accordancewith that term I propose to designate the substance
generally as keratode,whether it occursin the elastic fibrous skeleton of true Spongia,
which are composedalmostentirelyof this substance,or of those of the Halichondraceous
tribe of Spongiadae, where it is subordinateto the spicula in the construction of the
skeleton, and appearsmore 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
verylight shade to an extremelydeep tint of amber, and it is always more or less transparent. In its fully developed condition,in the form of fibre, it appears always to be
deposited in concentriclayers; but in the mode of the developmentof these layers there
are some interesting variationsfrom the normal course of production. As we find in
Aranea diadema,the common Garden Spider, that the creaturehas the power of modifying the deposit of the substanceof its web so that the radiatingfibres dry rapidly while
the concentricones remain viscid for a considerableperiod, so we find in the production
of the young fibres of the skeletons of the Spongiadaein 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 characterappearsto be confined to the earliest stages of its production only,
as exhibited at the apices of the newly-producedfibres,the external surface immediately
below the apex exhibiting no subsequentadhesive property.
LEHMAN,in his ' Physiological Chemistry,' Cavendish Society's edition, vol. i. p. 401,

states that Spongiaofficinalis 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 affordsone of the
argumentswhy the Spongia should be classed among animals and not among plants,
MDCCCLXII.
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since in the vegetable kingdom we nowhere meet with a substance in the slightest
degree resemblingfibroin."
From the general physiological charactersof the skeletons of the Sertularianand
other Zoophytes,I had long suspectedthat their componentparts were identical,or very
nearly so, with those of the skeletons of the Spongiadae,and I thereforeapplied 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 operculataand Flustrafoliacea, with the fibres of Spongia officinalis and of rawsilk, and I cannotdo better than quote entire the report of the results of
his examination:"I have examined the Zoophytesyou sent me, and have comparedtheir deportment
under chemical agency,with that shown by white silk and the fibreof ordinarysponge.
"All the specimenswere treated 'in a similar manner,being purified from foreign
matter, as far as possible, by boiling for two hours in water, and subsequentlyfor the
same period in strong acetic acid. With the exception of Flustra, the substancesexhibited by this treatmentlittle change in their outwardappearance. Carbonateof lime
enters so largely into the compositionof Flustra, that its disintegrationby acids ought
to cause no surprise.
"From the results of the first seven experiments, which for convenience I have
arrangedin a Table (see next page), I conclude that all these bodies contain the same,
or a very similaranimal principle,which I supposeto be identicalwith MULDER'S
fibroin.
The varying colours of the precipitatesfrom tannic acid and ammonia, I think are
probablydue to the traces of sesquioxideof iron present in the fibres,and the difference
in shade is simply caused by the greater or less preponderanceof 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 principlewhich behaves itself
towardsreagents in a mannersimilar to that shown by the substanceof silk, sponge,&c.
" MULDEEand CROOKEWIT's
analyses show silk and sponge scarcely to differ in compo-

sition.
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" SCIILOSSBERGER
has recently expressedhis doubts of the identity of compositionof
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these bodies, from the circumstancethat silk is readilysoluble in strong ammonia,saturated with oxide of copper,whilst sponge is scarcely, or not at all, affected by long
maceration. My own experimentsprovethe 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
charactersin any noticeable degree.
Flustra
foliacea.
Ignited.

Sertularia
operculata.

Boiled in water and Acid disengagesmuch
carbonicacid.
subsequently in
acetic acid.
The zoophyte disintegrates and leaves a
brownflocculentresidue.

Tannic acid added to
the hydrochloric
acid solution.

S

fm
from

m

Yields a nitrogenous Yields a nitrogenous Yields a nitrogenous Yields a nitrogenous
odour.
odour.
odour.
odour.
Leaves a white ash in
some quantity.

Leaves much ash.

Apparently
unaffected.

Apparently
unaffected.

Apparently
unaffected.

Form unchanged.

Form unchanged.

Formunchanged.

Almost entirely dissolved.

About 4 soluble in
the acid.

The residue is gelatinous.

Gelatinousresidue.

A white
precipitate.

A rathercopiouswhite
precipitate.

Leaves much ash, in Leaves much ash, but
much less than the
the form of a facsimile of the frond.
preceding.
Chieflycomposedof
carbonateof lime.

Washedand boiled in
concentrated hydrochloricacid.

Spongia
officinalis.k

Greater part soluble Almost entirely dissolved after ten
in the acid.
minutes' boiling.
A brown gelatinous
mass remains.
A white precipitate,
insoluble in acetic,
but soluble in oxalic acid.

Potash added to the Precipitationof a few
flocks.
hydrochloric acid
solution.

A white
precipitate.

No precipitateof
any consequence.

Smallquantityofage- A few flocks precipilatinousprecipitate.
tated.

Ammonia gives similar reactions.
Tannic acid added to An abundantyellowish precipitate.
the above neutralized solution.
If alkaliin excess,the
precipitateis violet.
Bichlorideof mercury
addedto the hydrochloric solution.
Boiled in a solutionof
oxide of copper in
ammonia.

Slight white
precipitate.

Abundantprecipitate, Abundantprecipitate. Copious precipitate,
which takes a flesh
tint by excess of
which turns reddish Colouredby excess of
ammonia.
alkali,
purple by excess of
alkali.
Slight precipitate.

Slight precipitate.

rather
Precipitate
more copious than
that from sponge.

Insoluble.

Insoluble.

Perfectly soluble; not
again precipitated
by acetic acid.
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"I consider,however, that this differencebetween sponge and silk in no wise affects
the question of the former substancebeing a product of the animal kingdom,which the
other experiments,I think, satisfactorilyprove."
In considering the results of these analyses with a view to proving the animal nature
of the Spongiadae, the evidence afforded by the coincidence of its structural character

and its chemical constituentswith those of Sertularia operculata,is still more conclusive than that derivedfrom the chemical constituentsof silk; and, in truth, the action
of the chemical agents on the zoophyte and the sponge, as might naturallybe expected,
are almost in perfect accordance.
MembranousTissues.
These structuresmay be divided into two classes.
1st. Simple membranoustissue.
2nd. Compoundmembranoustissue.
The first is a simple, apparentlyunorganized,thin pellucid tissue. It is evidentlynot
composedof an extension of keratode, as it is rapidlydecomposedafter the death of the
animal. It is found in abundancefilling up the areas of the network of the skeleton
in a great variety of sponges, and it appearsto be capable of secreting sarcodeon both
its surfaceswhen thus situated; on the dermal membranesthe sarcodeis found on the
internal surfaceonly.
Tissue.-These structuresconsist of simple membranoustissue
CompoundMembranous
combinedmore or less with primitivefibroustissue. Their most simple forms exist in
the membraneslining the interstitial cavities of the sponge, and in the dermal membranes.
It is difficultin some cases to discriminatebetween 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 membranouslinings of the internal cavities of the
sponge, they are thin and very translucent; but on careful examinationwith high microscopic powers and transmittedlight, with the aid of polarization,we frequentlydetect
the elastic primaryfibrous tissues incorporatedwith the structure. In the contractile
membranesforming the osculardiaphragmsin Grantia,and in those at the base of the
intermarginal cavities in Geodia and Pachymatisma,they attain a greater degree of
thickness, and especiallyin the two latter genera of sponges. In Alcyoncellum,QuoYet
GAIMARD,the organizationof their tissue is still more complex, and we there find them
constructedof repeatedlayers of membranousstructure,aboundingin primitivefibrous
tissue disposedin parallellines in eachlayer, the fibres disposedso closely together as to
completely cover the membranebeneath, and the directionof the fibresbeing at various
angles to the axis of the great cloacal appendagesof the sponge,so as most effectuallyto
aid in the contractionor expansionof 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 continuousfor any
considerabledistance. On some of the layers of this compoundmembranethe fibreswere
disposedin an even andcontinuousstratum,while on othersthey were gatheredinto broad,
flat, parallelfasciculi. When the compoundstructureconsists of severallayers of fibromembranousstructure,the dispositionof the fibres on the different layers is not coincident. In some cases they cross each other at right angles, while in others the angle
does not exceed 45 degrees. The latter mode of arrangementappearsto prevail in the
membranes connecting the great longitudinal fasciculi of spicula, forming to a great
extent the skeleton of the cloacal appendagesof the sponge; while the arrangementat
right angles appearsalso in the tissues immediately surroundingthe great skeleton fasciculi.

tissue aboundsin the dermal and interstitial structures of the
This fibro-membranous
of
but
of
structureis exhibited in the
the greatest development
co
methis
sponges commerce,
genus Stematumenia.
Fig. 4, Plate XXVII. representsa small portion of the lining membraneof one of the
great excurrentcanals of the commonhoneycombsponge of commerce,in the condition
in which it came from the sea. The primitivefibroustissue is seen arrangedin a single
layer in parallel lines at right angles to the long axis of the canal,but partiallyobscured
by the stratum of sarcodeon the membrane.
Fig. 3, Plate XXVII. 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
surfaceof the membrane.
Figs. 1 & 2 in the same Plate representportions of a stouter and a more compound
membranousstructure, from the walls of one of the great cloacal projectionsfrom
the surface of Alcyoncellum robusta, BOWERBANK, MS. In this case the membrane is
strengthenedby two or more layers of primitive fibrousstructure,the parallel fibres of
each crossingthe others at variousangles.
FibrousStructures.
There are two well-characterizedclasses of fibrousstructure.
1st. Primitive fibroustissue.
2nd. The fibres of the skeleton.
1. PrimitiveFibrousTissue.
The first of these tissues is exceedingly minute. The fibres are cylindrical in form,
andare usually of considerablelength; 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 appearsto be any attenuation
towards their terminations,which are usually obtuse. They are evidently very elastic
and contractile. When partiallyseparatedfromtheir attachmentsto the membranes,the
free ends seldom remain straight, and most frequently they curl considerablyin dif-
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ferent directions. They appear to be perfectly solid; I could not by the aid of polarization 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
T-Qi6 inch in diameter, while a smaller one, closely adjoining, measured

9-3
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 excurrent canals of the common honeycomb sponge, one of the largest measured 1o Oo inch
in diameter, and one of the smallest - 7 6 inch. In the dermal membrane of the best
Turkey sponge they were still less, not exceeding 1s8 o 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,
Stemwatumenia,and Alcyoncellum, 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 Stematumrnenia.
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
of the
membrane
the edges
in considerablethe
numbers; and occasionally they may be seen
memmaybrane
edgconsiderablees
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 gioups 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 nonfibrous cells around them (Plate XXVII. fig. 5, a, a). On carefully observing a number
of these bulbous fibres that had been removed from their positions on thlle 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 XXVII. 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 indication of an ultimate separation from the bulb; but when the fibre has attained nearly the
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full size the separationis then distinctly indicated; the basal end of the fibre immersed
in the bulb becomeshemispherical, and a constriction appears at the junction of the
fibre with the exhausted cell. Sometimes,when thus affordingindications of their ultimate separation,the cell still retains its rotundity, but all indication of its nucleus has
disappeared,and it is perfectly transparent,as represented in Plate XXVII. fig. 6, b;
while in other cases it is visible only as a collapsed and shrivelled vesicle adherent to
the hemisphericalterminationof the fibre, as representedin Plate XXVII. fig. 6, c. I
could not find the slightest indication of bulbs amid the matted mass of fibres lying on
the inner surfaceof the membrane,and it was only at the torn edges of the pieces of
membraneunder examination,or among the groups of cells, that the bulbs in connexion
with the fibreswere to be discovered.
2. KeratoseFibrousTissue.
General character of the kceratosefibresof the horny skeleton.-The

essential character

of the fibres of the horny skeleton is, that their normalformis alwaysthat 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 irregular in shape; and in the fully developed state, generally compressedto a very considerable extent; but a careful examinationof the youngest portions of the two forms of
skeleton-tissuewill always render the differencein the two structuresapparent. In the
spiculated keratosefibre the keratodeis alwaysthe predominantelement, and the spicula
the subordinateone; while in the skeletons of the Halichondroid sponges the spicula
always predominate,and the keratode is merely the secondaryor surroundingmedium.
In the formerstructure,in the extensionof the terminationsof the skeleton, the keratode
is the leading element, while in the latter the spicula take the lead.
The fibre is formed of a successionof concentriclayers, its increasein diameterbeing
apparentlyeffected at the external surface. Its longitudinal extension appears to be
caused by a progressiveelongation 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
extremelyrigid and incompressible,but in its natural condition,notwithstandingthere is
frequentlyan internal axis of extraneousmatter or of spicula, it is often remarkablysoft
and flexible. The spicula, although immersedin the fibre, evidently possess a considerable amount of mobility within the surroundingmedium.
The colour of the fibres is always amber-yellow,varyingin differentspeciesfrom 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 terminationsor laterally,
they appearat all times to unite.
The keratose skeleton-fibresvary in their organizationto a very considerableextent,
but the whole of them may be comprisedin the following eight typical forms:1. Solid simple keratose fibre.
2. Spiculated keratose fibre.
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3.
4.
5.
6.
7.
8.

Multi-spiculatedkeratose fibre.
Inequi-spiculatedkeratosefibre.
Simple fistulose keratosefibre.
Compoundfistulose keratosefibre.
Regular arenatedkeratosefibre.
Irregulararenatedkeratose fibre.

1. Solid Simple KeratoseFibre.
The typical form of this description of fibre is that which forms the skeleton of the
Turkey sponges of commerce,the structureof which I describedin a paper read before
the MicroscopicalSociety of London, and published in vol. i. p. 42 of its 'Transactions.'
The mature fibre is perfectly solid, and no vestige of a central cavity can be observedin
any part of it, either when viewec-by transmittedlight, or in transversesections of the
fibre, by the aid of a Lieberkuhn. Occasionally,but very rarely, I have seen, in young
and immaturefibres, faint and irregular indicationsof there having been a very small
central cavity in perhaps the earliestperiod of their development,but in the mature
fibre I have never been able to trace such cavities (fig. 7, Plate XXVII.).
This description of fibre is occasionally surroundedby a membranous sheath, on
which is imbeddeda beautiful system of hollow fibrils or vessels, which sometimeswind
round the skeleton-fibrein a spiral direction, at others assume a longitudinal course,
giving off short caecoid 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 vesselsI observednumerousminute globules,
which were renderedmoveableby a slight pressureon the glass under which they were
exhibited. The mean diameter of these tubes or vessels was 9346 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
XXVIII.

represents a portion of fibre from the skeleton of one of the sponges of

commerce. Fig. 10, Plate XXVIII. is from a rigid speciesof Australiansponge. This
singular tissue is describedmore 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 KeratoseFibre.
This structureis essentiallya solid form of keratosefibre, no central cavityever 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
arrangedin longitudinalseries. The spiculaare secretedwithin the fibre,andare nearly
uniform in size, and always of the same shape in the same species of sponge. In the
productionof the young fibres,the projectionof the new keratodeand the secretionof 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. Fig. 8, Plate XXVII. represents a portion of a longitudinal section of the skeleton of Halichondria oculata,
JOHNSTON.

The mode of the progressivedevelopmentof this form of fibre is interesting. In a
young specimen of Halichondria Mlontaguz,JOHNSTON, I observedthat 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 towardsthe basal end. Another spiculum
followed the first,the terminationsof each overlappingthe other; and at the junction of
the two, the keratode was accumulatedin the form of a plumber'sjoint, 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 remainingportion of the keratode is
produced,and the fibre then assumes a regular cylindricalform.
3. Multi-spiculatedKeratoseFibre.
This descriptionof fibre is literally a cylindricalmass of spicula cemented together by
keratode, and surroundedby a thin case of the same substance. The spiculaare exceedingly numerous, and very closely packed in parallel lines in accordancewith 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 structurethe spicula are the predominantelement, and the
keratode the subordinate one. Fig. 10, Plate XXVII. represents a fibre from the
skeleton of Halichondria cegagropila,JOHNSTON.
4. Inequi-spiculatedKeratoseFibre.
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 predominantelement, the keratode the
secondaryone. In the only sponge in which this form of structurehas yet been found,
MS., the fibre is veryunequal in size and much varied
Raphyrus Griffithsii,BOWERBANK,
in its form, frequently becoming very much flattened and expanded. Fig. 11, Plate A.
representsa longitudinal section of a small portion of a fibrefrom the skeleton, showing
the irregular disposition of the spicula within it.
5. Simple Fistulose KeratoseFibre.
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
MDCCCLXII.
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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 interstitial 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 specimen of SpongiaJfstularis, LAMARCE,in the Museum at Edinburgh, given to me by
Professor GRANT.

6. CompoundFistulose KeratoseFibre.
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 microscopic 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 "Auliskia," a new genus of sponges,
founded principally on the compound fistulose structure of its skeleton-fibres. Fig. 13,
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.

7. Regular ArenatedKeratoseFibre.
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,
occupyingthe place of the large continuouscanals of the fistularformsof fibre. The series
of extraneousmattersis not always continuous, and when an interruptiontakes place the
fibre becomes solid, or faint traces only of a central cavity remain. The mode of the
inclusion appearsto be due to the extreme terminationsof the young fibresbeing viscid,
and thus seizing on any extraneousparticles that happen to come in contact with them.
The growing keratodequickly envelopesthem, and proceedingon its courseof 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 XXVIII.
This description of fibre is found in a great
and
of
keratose
sponges,
variety
especially among the coarse rigid skeletons of the
Australian species, as represented by fig. 1, Plate XXVIII.; and among the flexible
sponges, as representedby fig. 2, Plate XXVIII.
8. Irregular ArenatedKeratoseFibre.
I have described this form of fibre in a paper descriptive of two species of bysidea,
read at the MicroscopicalSociety of London, Nov. 24, 1841, and subsequentlypublished
in vol. i. p. 63 of their 'Transactions.'
The adult and fully producedfibre is frequentlyhalf a line or more in diameter. It is
built up in all parts of its substance of grains of extraneous matter, each one being
separatelyenvelopedin keratode. The adhesive power in the young progressingfibrenot
being confinedto its apex only, its sides also seize upon the surroundinggrains of solid
matter, and the keratode speedily passing round and enveloping them, the whole fibre
becomes a solid cylinder of irregularlyimbedded molecules. There is a great variety of
substancesimbedded in these fibres, dependent, as a matter of course, on the amount of
material surroundingthem 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 surfaceof 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 XXVIII., 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 extraneousmaterials.
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 substanceof the skeleton fibre consists of solid silex, secreted and deposited
in concentriclayers, exactly after the manner of the secretion of pure keratode in the
fibres of the sponges of commerce. When cleansedfromthe sarcodousmatter by which
5L2
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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, STUTCHBURY,in its mode of arrangement strikingly resembles that of one of the sponges of commerce; 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 extension 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 MllAndrewsia azoica, the fibres are quite smooth, as represented in Plate
XXVIII. fig. 6. But in the greater number of species they are more or less tuberculated,
as in Plate XXVIII. fig. 7, which represents a group of fibres from the type-specimen of
a portion of which is in the possession of Dr. J. E.
Dactylocalyx ipumicea, STUTCHBURY,
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 XXVIII.
8.
fig.
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 Euplectella
cucuner, 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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PrehensileFibre.
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 Oculinarosea, from the South Sea. In this spongethe basal fibrescurvedownwardin
the form of numeroussmall,nearly semicircularreversedarches,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).
CellularTissue.
The cellular structuresin the Spongiadseare 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

structuresof the first form are found in abundanceon the fibres of many species of the
true sponges, and are believed by Dr. JOHNSTONto be the reproductive organs of that
genus. They are very minute; an average-sizedone measured -i- 6-6 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

Halichondroidtribes of sponges, we frequently find numerous compressedcircular 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 Ecionemiaacervus,BOWERBANK,MS., a new genus of sponges from the South Seas, in the collection of the Royal
College of Surgeons, and in Halichondria nigricans, BOWERBANI,MS., a British species,

these tissues are developed in a more than usually distinct condition.
In the first-namedsponge they are thickly dispersedon the surfacesof 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 3-5-0 inch in diameter,
and one of the smallest T1 -oo inch, but the greater number were about vou inch in

diameter(P1. XXVIII. fig. 13). In Halichondria nigricans they do not appear to be
quite so convex as in Ecionemiaacervus,nor are they so numerousas in that species,but
they are somewhat larger in size; one of the largest measured 2-86' inch in diameter,

and a small one
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inch; they are representedin situ in Plate XXVIII. 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 CARTERin his "Account of the Freshwater Sponges in the Island of Bombay,"
which that author believed to be Spongillafriabilis, 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 situ after the envelope of the ovary has been submitted 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 seen
each other, but are usually
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 XXVIII. fig. 16).
CARTEEand 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 Amcebalike granular masses into which Spongillafluviatilis resolves itself at certain periods of its
existence, and neither in a healthy and active condition, nor in a state of partial decomposition, have I ever been able to satisfy myself of the existence of a surrounding membrane. 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 Amoebae
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 SpongiadEe.

Sarcode (Physical Character)
is a pellucid, semitransparent gelatinoid substance, variable in colour and insoluble in
water. It dries readily, 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 abounds in 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 500 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.
the reader to the section of this paper on Reproduction.

For their characters as ovaries I must beg to refer
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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 Spongillafluvvatilis,
passing rapidly over the sarcodous surfaces, and biting pieces out of its substance without 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 foraminiferous 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 CARTER,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 longitudinally 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. DUJARDINhas 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 Spongiadae. 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
I 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 condition of this substance.
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Previously to entering on the subject of the organization and physiology of the Spongiadae 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, consisting 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 exerementitious 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 Spongiadee 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
the material of which it is constructed; and 2nd, the
structure of the skeleton:-1st,
mode of its arrangement.
By selecting the material substance of the skeleton as the means of dividing the
Spongiadm 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 Keratosea, 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-shapedTurkey sponges of commerce.
2. Those having skeletons of arenatedkeratose fibre, as in the genus DyDsidea.
3. Those which have the skeleton formed of spiculated keratose fibre, as in Halichondria oculata, JOHNSTON,
Chalina, GRANT, and in the common West Indian sponges of

commerce.
In the firstOrderno earthymaterialof any kind enters into the structureof 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 organizedform connecting them closely with the pure keratose, while the
instinctive habit of appropriatingextraneous matters recognizes the necessity of other
materialin the skeleton beside pure keratode; and the secretionof it by its own inherent
power appearsto be the next natural step in the developmentof 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 only in the

primaryor radiating fibres of the skeleton, while in another group they are found in
both the primaryand secondaryfibres, and are developed simultaneouslywith the keratode of the young fibres of the skeleton.
The second Order,the Siliceae,comprisesthose sponges in which the primaryessential
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
Dactylocalyx pumicea, STUTCHBURY.

2. Those in which the skeleton consists of spicula dispersedwithout order on membranous surfaces, as in Hymeniacidoncaruncula,BOWERBANK.
3. Sponges having the skeleton consistingof spiculacemented together into a network
by keratode, as in Halichondriapanicea, JOHNSTON.
The third Order, the Calcareae,has the primaryessential material composed of calcareous matter, and this division contains but one section or family:Spicula dispersedwithout order on membranoussurfaces, as in the genus Grantia as
defined by JOHNSTON.

a. Keratose fibre only.
b. Arenated keratose fibre.
c. Spiculated keratose fibre.
a. Solid siliceous fibre.
2. Silicee .....
b. Spicula dispersedon membranes.
c. Spicula cemented together by keratode.
3. Calcare . . . a. Spicula dispersed on membranes.

1. Keratosee . .

Spicula of the Skeleton.
The spicula in the skeletons of the Spongiadseappear to be the homologues of the
MDCCCLXII.
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earthy deposits in the bony structuresof the more perfectlydevelopedliving forms. In
the higher tribes of animalswe find the disintegratedcondition of the earthydeposits in
the first stages of the development of the bony structuresin the form of minute radiating
patches, which in a more advancedstage unite and form the solid mass of bone, as in
the mammaliantribesof animals,while in the cartilaginoustribe of fishes these radiating
centres of bony secretion never attain a higher degree of development,but remainisolated
points of bony structureduring the whole of the life of the animal. And in the compound tunicated animals we find the calcareous stellate and sphero-granulateforms of
spicula developed in close accordancewith the similar siliceous forms in variousspecies
of sponges. Thus the stellate and cylindro-stellatespicula of the sarcodein the Spongiadaeare aparently the homologues of the bony centres of developmentin the higher
animals. It is so likewise with the other forms of sponge spicula. We find isolated
calcareousspicula of an irregularfusiformi-acerateshape,representingthe bony skeleton
of the higher animals in the outer integuments of several species of Doris.
Messrs.ALDER
in their admirable' History of the British Nudibranchiate
and HANCOcK,
describe
calcareous
Mollusca,'
spicula occurringin Doris aspera, bilanzellata,and Triopa
claviger,which appearto be analogousto the rectangulated-triradiatespicula of Grantia;
and they also state that in the first-namedspecies crucial or dagger-shapedspicula occur
in the branchiaeand marginsof the cloak of the animal, and forms very similar to those
occur on the interstitial membranes of Grantia nivea JOHNSTON.Numerous forms of
tuberculated and smooth calcareous spicula are also found in the extensive family of the

Gorgoniadae. And the siliceous simple bihamateform of retentive spiculum,so abundant
on the interstitial membranesof many species of sponges, are closely representedby the
calcareous bihamate spicula so numerous on the tubular suckers of Echinus sphcra.
Thus we find in the spicula only, a series of links in the chain of animal development,
intimately connecting the Spongiadaewith the higher tribes of animals.
In the solid siliceous fibres of Daetylocalyx,and in the tubular siliceous fibres of
Farrea, BOWERBANK,MS., andlespecially in the latter, we obtain a very nmuchcloser
approximationto the tubular forms of the bones of the higher classes of animals.
From our knowledge of the great scheme of the natural developmentof animal life,
the most perfectly organizedsponges appearto be those which secrete carbonateof lime
as the earthybasis of their skeletons;anldthe least perfect those which secrete no earthy
matter in the skeleton; those which secrete silex taking an intermediateposition; but
it must also be rememberedthat there is no form of spiculum found among the calcareous sponges, or in the higher tribes of animal life, that, is not repeated among the
siliceous forms of spicula of the Spongiade.

Tie essential Skeleton Spitcula.
The general configurationof the spicula, which are essentially necessaryto the structure of the reticulated skeletons, is that of simple elongate and slightly curvedbodies,
varying in length and stoutness in accordancewith the necessities of the structure in
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which they form so important an element. When the areas of the reticulations are
large, they are generally long and rather stout, and are usually shorter when the proportions of the network are small and dose. When enclosed in keratose fibre, they :are
most frequentlysmaller and shorter in their proportionsthan those in the Halichondroid
sponges. And in those species in which they are dispersed over the membranoustissues,
as in Hymeniacidon,BOWERBANK,
MS., they are generally long, slender, and frequently
flexuous. In the sponges of this structure having siliceous spicula the triradiateform
of spiculum occursbut rarely,while in the calcareoussponges,which consistof membranes
and dispersedspicula, the triradiateforms of skeleton spicula are the normal ones.
When the skeleton is constructedof large fasciculi of spicula,as in Tetheaand Geodia,
they attain their greatest dimensions as essential spicula of the skeleton, frequently
exceeding the eighth of an inch in length.
The greatest known length of spicula occurs in the prehensile ones of Eiuplectella
aspergillumand cucumer,OWEN,where they are found to exceed three inches in length;
and in Hyalonema mirabilis, GRAY,where, in the spiral column of the great cloacal
appendage, they reach the extreme dimensionsof six or seven inches in length; but in
both these cases the spicula must be consideredas auxiliary and not essential forms.
The larger number of forms of skeleton spicula are perfectly smooth, but in some
species they are partially or entirely coveredwith spines.
In every case they appear in the living state to have the capability of a change of
position within the fibre to a considerableextent, in accordancewith the natural alterations arising from the extensions or contractionsof those tissues.
The spicula are among the earliest-developedorgans of the sponge. Dr. GRANT, in
his valuable " Observationson the Structure and Functions of the Sponge," published
in the Edinburgh New Philosophical Journal, vol. i. p. 154, states that spicula are
developed in the locomotive gemmules of Ialcichondria panicea (Hal. incrustans,
JOIINSTON)before they attach themselves for life and commence their development as
fixed sponges. And in the gemmules of Tetheacraniumthey are abundantlydeveloped
even before the gemmules are detached from the parent, and some of them are of forms
peculiar to the gemmule.
The growth of the spicula and their mode of extension appear to vary according to
circumstances. Thus an acerate spiculum is at first short andvery slender; as the development proceeds it increases in diameter,and appears to lengthen equally from the
middle towardsboth ends; but in spinulate ones the increasein length does not appear
to be effected in the same manner as in the acerate form, as we often find spinulate
spicula fully developed at the base, while the shaft is exceedingly short and the apical
terminationhemisphericalinstead of acutely pointed, as in the adult state. As the shaft
lengthens towardsits full proportions,it attenuates; but in all the interveningstages the
apical terminationis usually more or less hemispherical. The progressivedevelopment
from the base to the apex of the spinulate form is beautifullyillustrated in the skeleton
spicula of a new and very .singularBritish sponge from Shetland, Halicnemiapatera,
5 M2
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MS., represented by figs. 2, 3, 4, 5, 6, & 7, Plate XXIX.

The first of these

(fig. 2) representsa shortvarietyof the normal spinulhte form. In the second (fig. 3) we
have a bi-spinulate,and in the third (fig. 4) a tri-spinulateform. The latter two are not
Ineremalformations,but they prevail to a great extent in the structuresof the sponge,
subject to variationsin the distancesin the developmentof the secondand third inflations
from the basal one. Figs. 5, 6, & 7 represent immature spicula in progressive stages
of development, the apices having hemisphericalterminations.
Auxiliary Spicula.
Beside the spicula essential to the structure of the skeleton there are several other
forms of these organs,many of which, although not absolutelynecessaryin the structure
of the skeleton, are of very frequent occurrencein subsidiaryorgans found in particular
species and in peculiar genera. They may be conveniently classed under the following
heads:Connecting spicula.
Prehensile spicula.
Defensive spicula.
Tension spicula.
Retentive spicula.
Spicula of the sarcode.
Spicula of the gemmules.
In the above designationsof the auxiliaryspicula,it must not be understoodthat their
respective titles strictly define their offices,as it frequently occurs that under peculiar
circumstancesthe same form of spiculum is destined to serve two, or even three distinct
purposes. Thus, an external defensive spiculum will occasionally perform retentive
officesfor the purpose of securing prey; or internal defensive spicula will combine the
officesof defensive spicula against the larger and more powerful of their enemies with
that of wounding and securing their smaller ones.
The ConnectingSpicula.
The normal form of the connecting spicula is that of an elongate shaft, with a ternate
apical termination. But all the varietiesof this formarenot necessarilyconnectingspicula.
Some of them subservethe offices of external or internal defensive organs, as I have described elsewhere. The varieties that may correctlybe designatedby this title are those
which I have termed in the first part of this paper expando-and patento-ternatespicula,
and some varieties of the recurvo-ternateform also appearto be applied to this peculiar
office. Their situation in the sponge, rather than their precise form, determinestheir
title to be thus designated. Nor is their especial purpose of connecting the dermal
crust of the sponge with the great mass of the skeleton beneath, the only office they are
destined to performin the economy of the animal, as their ternate terminations are so
disposed as to form a series of reticulations and areas for the support of the valvular
membranesof the proximal ends of the intermarginal cavities of the sponges, in which
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and Barretti, PachymatisnzaJohnstonia,
they are best developed,as in GeodiaMeAnddrewii
and others of similar structure.
I have never seen the progressivedevelopmentfrom a simple elongate shaft of an expando- or patento-ternate connecting spiculum, as I have those of the porrecto-ternate
external defensive form, and the spinulo-recurvo-quaternateinternal defensive ones,
but from the great similarity that exists in their structurethere can be little doubt that
their mode of growth is the same; and I am very much inclined to believe that the
cylindro-expando-ternateform from PachymatismaJohnstonia,fig. 43 in Plate XXIII.
attenuato
a
of the Phil. Trans. for 1858, is an incompletelydevelopedform of the mature
expando-ternate spiculum that belongs to that sponge, and which is represented by
fig. 42 in the same Plate.
There is a progressionof development in the ternate terminations of these spicula
that is very interesting. The simplest form has three nearly straight attenuating radii.
In the next stage the distal ends of the primaryradiibecomefurcated,but the secondary
radii remain in the same plane as the primaryones. In the third stage of development
the terminationsof the secondaryradii again divide into furcations,becomingdichotomopatento-ternate(fig. 48); but in this case the radii of the extreme furcations are not all
in the same plane, as appears always to be the case with those of the secondaryradii,
and thus we have producedan additional power for combined action. But in the whole
of these varieties, in the structureof these ternate terminations,hitherto, there is no appearance, further than their general form, of their being destined to become a united
structure, and in some sponges in which they do occur they rarely, or never, become
thus united; but this demonstration of their destination for combined action is
obtained in an irregular ternate form, as exhibited in the dermal structures of a new
species of siliceo-fibroussponge from India, DactylocalyxPrattii, BOWERBANK,MS., in
which we have the primaryradii sinuated and flattened in such a manner as to splice
together and form a strong and regularreticulatedstructurefor the supportof the dermal
membraneof the sponge,as in fig. 8, Plate XXIX., which representsa few of these spicula
uniting to form the reticulationsof the dermaltissues,while fig. 9 representsthree of these
spicula separated by boiling nitric acid. By this structure, as exhibited in D. Prattii,
there is renderedapparenta more visible and commonpurpose in their form and mode of
development, and we are gradually conductedto the still more complete and continuous
form of fibro-siliceousdermal network that exists in the beautiful harrow-shapedtissue
of the dermalstructuresof the sponge supporting the fine specimenof Euplectella in the
in the ' Transactions
possessionof my friend Dr. A. FARRE, and describedby Prof. OWEN
of the LinneanSociety,'vol. xxii. p. 117, plate 21, and which tissue I shall describe more
fully in treating on the subject of the dermal structuresof the Spongiade.
There are two distinct purposesin the physiologicalapplicationof the ternate spicula;
the simplest is that of the strengthening and connectingthe dermal membranewith tllhe
mass of the animal beneath. The second and more complex one, is that of forming an
internal reticulating frameworkfor the support within its areas of the valvular tissues
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forming the bases of the intermarginal cavities. These offices of the ternate spicula are
not demonstrated in an equal degree of perfection in all sponges in which they occur.
Where the organs which they subserve are best and most abundantly developed, these
forms of spicula are found in the greatest quantities, and in the most regular and perfect
mode of arrangement, but where the intermarginal cavities or porous areas are in a less
regularly developed state, they are deficient in a corresponding degree; thus evincing the
design and purpose of their structure and presence. The most perfect and beautiful
illustration of their physiological purpose, in their first mode of application, is afforded
by the dermal membrane of Dactylocalyx Prattii. Here we find their radii overlapping
each other longitudinally, and cemented together by keratode, forming a continuous and
regular network, upon the upper surface of which the dermal membrane reposes, and to
which it is firmly united. The mode in which the radii are united, and the material
with which they are cemented together indicate a unity of firmness and elasticity in
the living state that is truly admirable; and this mode of structure we perceive is
especially necessary to the action of the dermal membrane, as the whole of the skeleton
beneath is perfectly rigid and inelastic. Thus while their shafts are deeply plunged in, and
firmly secured to, the immoveable mass beneath, their ternate apices are capable of such
an amount of oscillating motion as would be required for the organic expansion and
contraction of the membranous struciure they support. By the action thus generated
each pair of the united radii would glide in a longitudinal direction upon each other, and
thus, although in each separate instance the amount of motion would appear to be exceedingly small, the aggregate of the whole would afford a very considerable range of
expansion, as exhibited in fig. 8, Plate XXIX.
In their second mode of application, that is to the bases of the intermarginal cavities,
it appears that as their office is different, so their form and the mode in w7hichthe radii
of their apices is connected are also different. Thus at the inner surfaces of the thick
dermal crust of Geodia M2cAndrewiiand Barretti, we *find them forming a network
equally regular and continuous as that in Dactylocalyx Prattii, but the mode of its construction is varied. The radii do not in these cases glide upon each other longitudinally,
but they cross each other at various angles; and as the whole mass of these sponges is
fleshy and very elastic, so by this mode of interlacement of the radii a very considerably
greater amount of expansion and contraction of the reticulated structure is provided for,
while at the same time the power of maintaining the common plane of the reticulated
tissue is equally as great as in the similar structure in Dactylocalyx Prattii. Thus far
we can trace the physiological purpose of their structure; but why in one species we find
their terminations simple as in Geodia MJAndrewii, and furcated as in Geodia Barretti,
or still further complicated as in the dichotomo-patento-ternate form, is a question which
cannot be so readily solved without a further acquaintance with the species of Geodi(c
bearing these forms in a living state.
The connecting spicula are not always an essential portion of the skeleton, and they
exist only in comparatively a few genera of the Spongiadie.
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Prehensile Spicula.
I have so fully described,in the first part of this paper,the prehensile spiculafound at
the base of the beautiful Euplectella, in the possessionof Dr. ARTHURFARRE,and figured
in Plate XXIII. fig. 53, Phil. Trans.for 1858, as to renderit necessaryto say but verylittle
more regardingthem. Fig. 44, Plate XXVI. of the samepaper presents so manypoints
of structuralagreement with that from Euplectella, as to induce a very strong suspicion
of its having had a similcaroffice to performin the sponge from which it was obtained;
but its extremely small size is against that supposition, and in favour of its being an internal defensive one. Both sponges producing these forms were parasitical on other
sponges. With respect to the larger form there is no reasonabledoubt of its officein the
sponge, and the smaller ones may have been basal appendages to a very small species.
I have searchedother species of Ezplectella in vain for similar forms.
-DefensiveSpicula.
The modes of defence in the Spongiadeeby means of spicula are exceedingly various,
and in many cases remarkablycomplex and interesting. They may be divided into two
great systems,-1st, those of external defence; and 2nd, those of internal defence.
If I were to attempt to enter upon a descriptionof everyvariation in the mode of the
application of spicula to defensive purposes,it would extend this portion of the subject
to a greater length than we can affordunder the presentcircumstances. I shall therefore
confine my observations to a description of the general principles of defence as exhibited

in some of the principal genera of the Spongiadae.
In the external defences, the mode of the application of the spicula depends in a great

degree on the structure of the skeleton of the sponge. The most simple cases are those
where the structure of the skeleton consists of spicula radiating from the centre or the
axes of the sponge,and in these cases they usually consistof the terminationsof the radial
lines of the skeleton, the distal spiculaof which are frequentlyprojectedfor a considerable
part of their length through the dermal membranes,and in many sponges the surface is
thus thickly studded with them; and in species where the terminal radial lines of the
skeleton contain many spicula, they are frequently found at their apices to assume a
radiating direction, so as to present the greatest possible number of points to their external

enemies. This mode of defence is very general in the numerous British species of the
MS. Fig. 10, Plate XXIX. represents a
genera Isodictya and Clalina, BOWERBANK,
small portion of a section at right angles to the surface from Halicholndraseriata,
Clialina, BOWERBANK,MS., illustrating very distinctly this simple mode of
JOHNSTON,
external defence.
In the genus Sictyocylindrus,BOWERBANK,MSf., which consists principally of slender
branchingsponges, many of which in their living state are exceedingly fleshy in their
appearance, the skeleton is formed of a central cylinder, composed of a network of
spicula, from the surface of which radiate in vast quantities long, slender and acutely
pointed spicula, which in the living condition project slightly beyond the dermal mem-
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brane of the sponge, so that in the event of any small fish attempting to feed upon or
suck this tempting bait, instead of a mouthful of soft and grateful gelatinous matter, he
would find himself assailed in every direction with an infinite number of minute points,
many of which he would carryaway with him deeply imbeddedin the soft lining of his
mouth, as the reward of his temerity and a warningagainst a repetition of a like assault.
Fig. 11, Plate XXIX. represents a small portion of a young branch of Dictyocylindrus
MS., an undescribed British species, frequently found on shells and
rtygosuzs,BOWERBANK,

stones dredged up at Shetland, or the OrkneyIslands. In the genus Tethea,in which the
skeleton consists of fasciculi of large, stout spicula radiating from the base or centre of
the sponge, the system of defence is somewhat more complicated. It is a combinration
of the terminationsof the skeleton fasciculi with, in some species, the addition at the
surface of the sponge of porrecto-ternate and recurvo-ternatespicula; the latter two
forms being probably aggressive as well as defensive, subserving the purpose of
entangling prey as well as that of defence.
This mode of defence is very beautifully illustrated in Tetheacranium. The distal
ends of the skeleton fasciculi, composed of large fusiformi-aceratespicula, are projected
through the stout coriaceoussurface of the sponge, and in the midst of this thick coat
each of the passing fasciculi is surroundedby a cluster of stout short fusiformi-acerate
spicula, their distal points closely embracingthe fasciculus, while their proximal terminations are spread widely out in a circle aroundthe lower part of the skeletonfasciculus,
so as to form a strong and most efficient conical buttress to sustain it in its proper position, at the same time allowing a considerableamount of elasticity to meet pressure
from without. Each skeleton fasciculusterminateswith from two to eight or ten porrectoternate spicula, aild occasionallywe find one or two of the recurvo-ternateones accompanying them; but their apices are rarelyprojected much beyond the dermal membrane
of the sponge, while the rest of the spicula extend considerably above it (fig. 12,
Plate XXIX.). The same system of defences prevails also in Tetheasimillimus,BOWERMS., from the Antarctic regions; but in this species the recurvo-ternatespicula
BANIx,
appear to be protruded in greater numbers and in more regular order than in our
northern species, T. cranium.
In Tetheamuricata, BOWERBANK, MS., the skeleton fasciculi are not protrudedbeyond
the surface, but immediately beneath it we find the heads of numerouslarge furcated
expando-ternate spicula, with remarkably long and acute terminal radii, while the
dermal membraneis profuselyfurnished with attenuato-elongo-stellatespicula.
In Tethea Norvegica and Ingalli, BOWERBANK,
MS., and in T. Lyncurium, JOHNSTON,

the same protection is attained in a differentmanner. Instead of the spicula of the
skeletonfasciculigraduallyconvergingtowardsa point, they diverge considerablyas they
approach the surface, so as to present an infinite number of minute and nearly equidistant points, and in addition to these the dermal membrane and the coriaceous coat
of the sponge is supplied with an infinite number of closely packed stellate spicula.
In some species of the genus Geodicathe system of external defences is still more
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complex. Thus in G. MJAndrewiiand G. -Barrettithe defences are double, one system
consisting of a continuation of the great radial fasciculi of the skeleton as a protection
against the assaults of the larger and more powerful assailants, and then of a secondary
series consisting of an infinite number of minute acerate spicula, based immediately
beneath the dermal membrane and projecting to a slight extent beyond its external surface,
effectually protecting it and the porous system of the sponge from the attacks of its

minute and more insidious enemies.
Similar modes of external defences exist in various species of Pachy?matisma and

Ecionemia,but no two species appearto agree precisely in these respects.
In the genera Uliicrocionaand Ilymeraphia, BOWERBANK, MS., differing widely in the
structure of their skeletons from any of the sponges hitherto described, and frequently
not exceeding in thickness the substance of a stout sheet of paper or a thin card, the

same principles of defence are carried out, although their structureis widely different
from each other. In the first genus, the skeleton of which is formed of short pedestals
of keratode combined with spicula, each of the pedestals, which reach nearly to the
surface of the sponge, is terminated with a radiating cluster of long curved and acutely
pointed spicula, the apices of which pass through the dermal membrane in every direction,

and thus form a most effectualseries of external defences,while their shaftsbeneath serve
as the frameworkof the intermarginalcavities of the sponge (figs. 1 & 2, Plate XXX.).
In Hymeraphia, where the sponge is less in thickness than the length of one skeleton
spiculum, and where they pass from the basal membrane of the sponge through the
dermal membrane, their apices acting as external defensive organs, while their shafts

form the essential skeleton of the animal, there is an especial provisionfor their preservation from injury. Their bases are expanded in the form of large bulbs, so as not only
to afforda greater surfacefor attachment,but to allow them at the same time to act on
the principleof a ball-and-socketjoint, giving them a more than usual amount of attachment, and a power of yielding in every direction to pressure on their apices from without

(fig. 4, Plate XXX.). The defence of the surface of the Halichondroid sponges is less
apparent, but equally efficacious; the abundantly spiculous reticulations immediately
beneath and supportingthe dermalmembrane,would render attacks of annelids or other
small predaceouscreaturesexceedingly unpalatable.
In the calcareous sponges the spicular defences are exceedingly interesting. In
Grantia compressa,the distal ends of the great interstitial cells are amply protected by
numerousflecto-attenuato-acuatespicula groupedaroundtheir porous terminations,with
their club-shapedends curving in everydirectionover them, but in no degree interfering
with the freedom of their inhalant action. In Grantiaciliata they are groupedin circles
aroundthe distal ends of the interstitial cells, but in this species they are acutelypointed;
andwhen the inhalant systemis in a state of repose,they are concentratedat their extreme
points so as to form an elongate cone, effectuallyenclosing and protecting the porous
ends of the cells within them; but when the inhalant action is in full activity, their
apices recede from each other until they assume the form of a cylinder, and then freely
MIDCCCLXII.
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admit the incurrent streamsof water,but effectuallyrepel the advancesof any dangerous
assailant that may attempt an entrance. The distal termination of the cloaca in this
species is also abundantlyprotectedby a marginalfringe of long and very acute spicula,
and is furnished wviththe same simple but beautiful mechanical contrivances for opening

and closing in accordancewith the necessities of the animal. For a more complete
descriptionof the anatomyand physiologyof this highly interesting species I must refer
my reader to the ' Transactions of the Microscopical Society of London,' vol. vii. p. 79, pl. 5.
In other species of Grantia the same principles of external defensive action exist,
but the precise mode is never exactly the same in any two species.
Internal -Defensive Spicula.
The internal defensive spicula of sponges are exceedingly various in their forms and
modes of application to their especial purposes; and they seem naturally to resolve
themselves into three distinct groups:-Ist, those which are destined simply to repel;
2nd, those which wound and lacerate as well as repel; and 3rd, those which are calculated not only to destroy but also to retain intruders.
The purposes of the first class of spicula are frequently performed by the ordinary
spicula of the skeleton, which are projected more or less into the cavities immediately
within the oscula and other spaces requiring such protection; but when especially formed
for and appropriated to defensive purposes, they are always free from spines and usually
terminate acutely; and they are frequently provided with widely extended basal radii,
so as to fix them rigidly and firmly in their proper positions, as exemplified in the various
forms of spiculated triradiate spicula represented by figs. 14, 15, 16, & 17, Plate XXIV.,
Phil. Trans. for 1858.
The best illustrations of the application of the simple defensive spicula are to be found
in the cloaca in several species of Grantia, as in G. ciliata, JOHNSTON, and G. tessellata
and ensata, BOWERBANK,
IS. In all these species this great central cavity is abundantly
furnished with spiculated triradiate spicula, such as represented by figs. 15 & 16, Plate
XXIV. Phil. Trans. 1858, which are so disposed that while the basal radii are firmly
cemented on the surface of the cloaca, the spicular or defensive rays are projected
from its surface, not at right angles to its plane, but always at such an inclination
towards the mouth of the cloaca as to present a combined series of sharp points in the
best possible position of defence, so that an intruding assailant could scarcely escape
being seriously wounded by them, while a retiring enemy would pass with impunity over
their inclined apices. In some species, as in G. tessellata, the defensive ray is naturally
curved to the desired angle for defence (fig. 16, Plate XXIV. Phil. Trans. 1858), and it
is also of such a form as to be readily released from the creature it has wounded, either
by being attenuato-acuate or ensiform, as in fig. 15, Plate XXIV. Phil. Trans. 1858,
from G. ensata, and as represented in situ by a small portion of a longitudinal section of
the cloaca of a specimen of Grantia tessellcta in Plate XXX. fig. 5, in which the defensive radii are all curved in the direction of the mouth of the cloaca.
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In the second divisionthe internal defnsive spicula are usually short and straight,and
more or less coveredwith strong conical acutely pointed spines, projectedeither at right
angles to the axis of the spiculum, or recurvedconsiderablytowardsits base; generally
speaking the spines are dispersedon all parts of the spiculum without any approachto
order, as represented in fig. , Plate XXIV. Phil. Trans. 1858, while in other cases, as
in figs. 2 & 3 in the same Plate, they are arrangedin verticillate order on all parts of
the spiculum. In each of these varieties the bases of the spicula are usually profusely
furnishedwith spines, so as to ensure a strong and somewhatrigid mode of attachment.
There is undoubtedly a special purpose in every variation of the sese
pinationof th

e

spicula, and in their presence generally. The short strong form and acute distal termination admirablyadapt them to encounterthe larger description of intruding annelids,
the most dangerous internal enemies of the Spongiade; while the spination of their
shafts presents a series of minute weapons that would prove equally formidableto those
intrudersthat were too minute to be affectedby the larger weapons of defence.
The acuateentirelyspined defensive spicula are of very commonoccurrencein sponges,
and are by no means confined to particular tribes or genera.

As a general rule, when

the external defences are veryfull and sufficient,we should not expect to find the internal
defences abundant, and, on the contrary, when there appears to be a paucity of external
defences, the internal ones are frequently exceedingly numerous. Thus, in the genus

Dictyocylindrus BOWERBANK, MS., where in almost every species the surface of all parts
of the sponge is bristlingwith tle acute terminationsof the radiatingexternal defensive
spicula, although in most of the species we find acuate entirely spined internal defensive
ones, yet in many of the species they are so rare as to be by no means readily detected.
When the skeleton is formedof keratosefibres,we find them dispersedon their surface
without anyapproachto order,and projected at everyimaginable angle. If the skeleton
be formed of any of the varieties of spicular reticulations,they are based in a similar
manner on the principallines of the reticulated structure,and sometimes,but not very
frequently, they occur in groups.

I will not extend this portion of my subject to an unnecessarylength by describingevery
mode of their occurrence, but select a few -of the most interesting cases as illustrations

of the general principles of their application.
Fig. 6, Plate XXX. representsa small portion of the kerato-fibrousskeleton of ani
Australian sponge, with the attenuato-acuateentirely spined intern-aldefensive spicula
im situ. Fig. 7 represents a few fibres from a kerato-fibrous sponge from the West
Indies, in which the verticillatelyspined internal defensive spicula are dispersedover the
fibres; and fig. 8 represents the same description of defensive ;spiculafrom a West
Indian kerato-fibroussponge, having the defensive spicula cogregated in bundles.
Sometimes,but not very frequently,they are found on the interstitial or basal membranes
of the sponge, and under these circumstancesmany of them are prostrate in place of
being erect; and in one sponge,

ymeiacidon

Cliftoni,

BOWERBANK,

MS., a singular

parasiticalspecies from Freem.antie,Australia, this prostrationappearsto be effectedby
5N2
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an especial law. This singular sponge envelopes severalfan-shapedportions of a Fucus,
and systematicallyappropriatesthe minute ramificationsof its stem to the purposesof
an artificial skeleton; the whole sponge aboundswith short stout attenuato-cylindrical
entirely spined internal defensive spicula: but the remarkablecircumstanceattendant on
their presence is, that wherever the membranes supporting them envelope and firmly
embracea portion of the vegetable stem, they assume an erect position, and exhibit all
the usual charactersof defensive spicula; but where the membranesmerely fill up the
areas of the vegetable network, they are nearly all of them perfectlyprostrate,and apparently performingthe office of tension, rather than of internal defensive spicula. Their
form also is singular, being attenuato-cylindrical,not having the acute terminationthat
is usual in this descriptionof spicula.
Fig. 9, Plate XXX. representsa small portion of the fibrousstem of the Fucus coated
by the membranes of the sponge, and coveredwith spicula; those immediately over
the stem being erect,while those on the membraneare prostrate. (a) representsone of
this new form of internal defensive spiculum X 175 linear.
In Iiyme9racphia
stellifera, BOWERBANK,MS., an exceedingly thin coating British sponge,
the internal defensive spicula present a singular variationfrom the normal form. In
this case they assume the shape of an ordinary Florence oil flask, with a somewhat
elongate neck, and having a beautiful star-shapedapex in place of a stopper. They
occur in considerablequantities; their large bulbous bases are firmly attached to the
strong basal membrane of the sponge, and they are projected thence at every possible
angle upwardinto the interstitial spaces. Their apices are crowdedwith stout acutely
conical spines, which radiate in all directions. Fig. 3 a, Plate XXX. representsa group
of these spicula in situ, elevated by a grain of sand beneath the basal membrane; and
fig. 4 b, Plate XXX., one of the same form of spiculum, magnified260 linear. In this
form of spiculum, as in that of Ilymneniacidon
Cliftoni, their purpose seems to be the
infliction of laceration,rather than that of destruction,by deep wounds. In another
species of Ilymeraphia,IH.clavata, these spicula have the same large bulbous bases as
those of H. stellifera, but their apices are acute, like those of the normal forms of such
spicula. In all these cases we observein their attachmentsthe same approximationto
the structure of the ball-and-socketjoints of the higher tribes of animals, rendering
them capable of yielding in every possible direction to the struggles of any enemy with
which they may be entangled.
In the third division of the internal defensive spicula there is an especial construction
for retention as well as for destruction. Their apices are usually more or less hamate,
as represented in figs. 7, 13, & 12, Plate XXIV. Phil. Trans. 1858, and their attachments to the sponge are usually such as to allow of a considerableamount of flexibility
or motion.
I will not attempt to describe the whole of the numerousvariationsin the modes of
their application to defensive purposes,but select a few of the most interesting cases as
illustrations of the general principles of combinedinternal defence and aggression.
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The spinulo-recurvo-quaternate
spiculum, the growth and development of which I
have described in the first part of this paper (Phil. Trans. 1858, p. 293), presents an
admirable illustration of the combined defensive and aggressive character of some of
these internal defensive spicula. The sponge in which they occur belongs to the Halichondroidtribe, the skeleton being composedof a network of spicula cemented together
by their apices, which cross each other at the angles of the areas of the reticulations.
The recurvo-quaternatespicula are not dispersed on all parts of the skeleton, but are
congregatedin groups, frequently consisting of as many as fifteen spicula, the whole of
their bases being concentratedon one of the angles of the reticulationsof the skeleton,
while their shafts and apices radiate thence in every direction into the interstitial spaces
of the sponge; they are thus placed on the strongest and most elastic portion of the
skeleton, with their hemisphericalbases firmly imbedded in the cementing keratode of
the skeleton, which abounds at the angles of the network, and which by its inherent
elasticityand strength rendersthe insertion of the base of the spiculum,in strength and
extent of action,quite equivalent to the powersof the ball-and-socketjoints in the higher
tribes of animals. A small annelid or other minute intruder entangled amidst these
numeroussharp hooks would struggle hopelesslyin such a situation, as the spicula,from
the nature of their attachment,would yield readily to its struggles in every possible
direction,and at everynew contortion arisingfrom its effortsto escapeit would inevitably
receive a fresh series of puncturesand lacerations.
Fig. 10, Plate XXX. representsa small portion of the skeleton of the sponge bearing
the spinulo-recurvo-quaternate
spicula iz situ.
In other instances, where defence alone appears to be contemplated,we do not find
these beautiful adaptations for motion in every direction prevail. The bases of the
spicula in those cases are abundantlyspinous, and are evidently intended to mainltaina
firm hold by their attachments,and are destined rather to rigidly maintain their position
than to yield to any struggling body with which they may be in contact. The numerous
spines with which these shafts are frequently covered are calculated to wound and lacerate, rather than to retain the enemies with which they are engaged*.
Since I wrote the first portion of this paper,I have receivedfrom my friend, Mr. J. YATE JoHNsoN, of
Madeira,a new and very illustrativeinstance of the combinationof defenceand aggressionin the structure
and officesof the internal defensive spicula; and in this case it is not a new organ,but an adaptationof a
well-knownformto a new purpose,in the shapeof a contorttrenchantbihamatespiculumof unusualsize and
structure. In the course of my examinationof the results of the deep-seasoundingsin the Atlantic, I found
severalof these spicula,and was much interested by the singularity of their structure,which at that time I
could not comprehend.
The generaloutline is much like that of the type-form so commonlyfound imbeddedin the sarcode,but
it is somewhatless flexuous in its curves, and the shaft and hami are very much larger and stouter than
those of the spicula of the sarcode. But the most singularpoint in their structureis, that while the curved
portion of the hami and the middle of the shaft are perfectlycylindrical,the inner portion of the hooks and
those parts of the shaft immediatelyopposed to them present sharp trenlchantedges, so that each hook
assumesto some extent the form of spring hand-shears. The acute terminationof the hook and the opposed
trenchant edges exhibit every facility for effectingan entrancethroughthle tough skin of the victim, while
*
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In Byalonema mirabilis, GRAY, a sponge nearly related to the genus Aleyoncellum,
Quoy et GAIMARD,we find another extraordinaryseries of internal defences; one portion
of the spicula a;ppearingto be destined to wound and lacerate, rather than to retain
intruding enemies, while a larger and stronger series of spicularweapons bear all the
evidences of being to retain rather than to repel the assailants.
The first descriptionof spiculum I have designated entirely spined, spiculated cruciform spicula. They consist of a short stout cruciform base with a long spicular ray,
ascendinglyand entirely spinous, projectedat right angles from the centre of the basal
radii. The spines are acutelyconical, and very sharplypointed. They pass off from the
spicular ray at an angle of 12 or 15 degrees in the direction of its apex. The apices of
the basal radii are attenuatedand slightly spined. These spicula are thickly distributed
on the fasciculi of the skeleton, and frequentlyequally so on one side of the interstitial
membranes,probablythat which forms the surfacesof the interstitial spaces, and they
are especially abundant near the exterior of the sponge. The four basal radii appear
firmly cemented to the membrane, but not immersed in its substance, as they do not
appear to leave their impressions when removed from it, nor do they bring any portion

of the membraneaway with them. In some parts of the tissue these spicula are very
much modifiedin form. In the ordinarycases we find the basal radii short and stout,
Landnot more than a fourth or a fifth of the length of the spicularray, while in other
cases the basal rays are very nearly as long as the spicular one; the only difference in
their structurebeing that the latter is very strongly spinous, while the former have the
spines comparativelyvery slightly produced.
The second form is a large fimbriatedmultihamatebirotulate spiculum, which occurs
dispersedamid the interstitial tissues of the large basal mass of the sponge. There are
usually not more than one or two together, but occasionallythey occur in groups of ten
,ortwelve, without any approachto definite arrangement.
These spicula are comparativelylarge and stout. They have eight rays at each end of
the
two groupsof radii curving towardseach other to such an extent that each
the shaft
the perfectly blunt and cylindricalstate of the arch of the hook bespeaksthe design of re ention as well as
of destruction. As soon as the hook has penetratedto the innerblunt surfaceof the curve,it no longercuts,
and the prey, woundedin everydirection,is securelyretainedfor the nutrition of the sponge. This result is
indicatednot only by the form of the spicula; their position in the structure of the sponge bespeakstheir
office equallyunmistakeably, They are not immersed in the sarcodelike their congenersin form,but are
firmly cementedby one hook to the reticulating lines of the skeleton, while the other ends are projectedat
various angles into the interstitial cavities of the sponge in such numbersand in such a manner,that it
would be next to impossiblefor an intruder within the sponge to escape being entangled and destroyed
amongstthem. ]Fig.1, Plate XXXI. represents a portionof the reticulated keletonof the spongewith the
trenchant contort bihamatespicula in sitF nagnified50 linear; and fig. 2 one of the spicula,magnified400
linear, to exhibit the trenchantedges and the cylindricalportionsof the hamiand shaft.
fHlichondria
is allied to
This sponge
by the structure of the skeleton,and it is describedby my friend
Mr, J. YATE Jon soN as being a thin coating species, spreadingover the surfaceof rocksandstones to the
extent of two or three inches in diameter.
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foms the half of a regular oval figure; the opposite apicesbeing separatedto the extent
of about the length of one of the radii. Each ray is in form like a double-edgedbluntpointed knife, bent near the handle in the direction of a line at right angles to one of
its flat sides; and each ray is strengthenedand connected with the shaft of the spiculum
by a stout curved web of silex, which extends from a little below the inner surface of
the ray to a point on the shaft about opposite to its middle. The shaft is cylindrical,
and has short stout tubercles dispersed over all its parts when fully developed.
The structureof every part of this singularlybeautiful spiculum is strikingly indicative of its officein the economy of the sponge; the form and mode of bending of the
radii, with their thin edges at right angles to the line of force in a struggling animal,
and the powerful web at the base of the ray enabling it to sustain an amount of stress
that the unsupportedflat ray would never otherwise be able to endure.
The spiculated cruciformspicula are exceedinglyabundantin everypart of the sponge,
and no victim entangled and retained by the large multihamate spicula could avoid,innumerablewounds while struggling to effect its escape; while the one held it secure
within the sponge, the others, from the peculiarity of their forn and mode of disposition of their acutelypointed spines, would readilyrelease it after the infliction of every
puncture, only that the wounds might be multiplied until the creaturewas pierced in
every partyand bled to death for the nutrition of the sponge.
Fig. 3, Plate XXXI. representsa small portion of the skeleton of the sponge vwiththe
two forms of defensive and aggressivespicula in situ, magnified 50 linear. Fig. 4 represents one of the multihamatebihamate spiculawith a power of 83 linear, displaying the
adaptationof its structureto purposes of retention. Fig. 5 representsone of the spiculated cruciform spicula on the same scale as fig. 4, showing their relative propoftionsw
and fig. 6 th same form of spiculum with a power of 260 linear, to exhibit the peculiarities of its spination.
It would be almost an endless task to describe every variety of these singularlybeautiful contrivancesfor combined defence and offence in the interior of the Spongiadv.
Thosewhich I have particularizedare some of the most elaborate and beautiful that I have
seen during the course of my researches. In manyother cases,where all that is required
is defence,'the means employed are of a much more simple nature. We find in the
Spongiadae,as in other animals, that nature frequentlyeconomizesher meansby the conversion of one organ to the purposes of another by slight adaptationsor additions; thus
in Halichondaiaincrsustifts,JOHNSTON, and in other sponges,the skeleton spicula are made
to performthe duties of internal defensive spicula, by being more or less furnishedwith
spines, as representedin fig. 30, Plate XXIII. Phil. Trans. 1858, and in other cases we
find them medially or apically spined, as in figs. 32, 33, & 34 of the same Plate.
In like manner we find the spicula of the sarcode, by the extreme profusion in which

they occur in that substance near the surface of some sponges, are turned to good
account for the general purposes of external and internal defence, as well as for their

special purposeof the protection and support of the sarcode. So likewise in the tension

778

DR. J. S. BOWERBANK ON THE ANATO3MY

spicula of Spongilla lacutstris (fig. 21, Plate XXIV. Phil. Trans. 1858) they are made to
serve as defensive organs as well as tension spicula; and, again, in the spicula of the
gemmules of the Spongiadae their skeleton spicula also perform the office of defensive
organs as well, as represented by figs. 13 to 43, Plate XXVI. Phil. Trans. 1858.
As regards, then, their protection from their enemies, there appears to be almost a
natural prohibition to the sponges becoming, to any great extent while alive, the food of
other creatures. The keratode of their skeletons appears to be almost indestructible by
maceration or digestion, and the abundance of the acutely pointed spicula that exist in so
many of their bodies must render them anything rather than desirable or digestible
food to the generality of other marine animals; and, in truth, I do not know of a single
large fish, or other marine creature, that appears to prey upon them. The only animal
in the stomach of which I have ever seen the spicula of any sponge was a Doris. But
although appearing to enjoy almost an immunity from the common lot of animals, that
of being eaten by others, they may yet serve, at their death by natural causes, to supply
an immense quantity of animal molecules for the sustenance of the myriads of minute
creatures that exist around them.

TensionSpicula.
The primary purpose of the tension spicula is that of strengthening and supporting the
membranes, both external and internal. They are usually of the same form as those of
the skeleton, but more slender and shorter in their proportions. On the internal membranes they are dispersed without any approach to order, and cross each other at every
imaginable angle. They vary exceedingly in length and diameter, and are attached for their
whole length to the tissues on which they repose. In some cases they are not readily to
be distinguished from those of the skeleton, as they are frequently so nearly of the same
size, and are intimately intermingled with them, as in the genus Hymneniacidon; but in
other cases, as in some species of Chaclinaand Isodictya, they may always be distinguished by their position, and by the total absence of keratode around them, while those
of the skeleton are always more or less coated by that substance.
In other cases they differ materially in form and proportion from those of the skeleton.
Thus in Halilchondria incrustans, while the skeleton spicula are stout, short, entirely
spined and acuate, as represented by fig. 30, Plate XXIIII. Phil. Trans. 1858, the
tension spicula are smooth, slender mucronato-cylindrical, as represented by fig. 23,
Plate XXIV. Phil. Trans. 1858. They are frequently dispersed on the dermal membranes, much in the same manner as they are on the interstitial ones, abounding most
where the areas are largest, and where the areas are small they are few in number or
entirely absent; but in other cases, as in the dermal membrane of Halichondria
incrustans, they are congregated in flat broad fasciculi, which are disposed on the membrane with little or no approximation to order.
The tricurvo-acerate formnin all its varieties is better calculated to effect their peculiar
office in small and irregular spaces, and with greater economy in numbers, than the
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straight elongatedforms; and they are also better adaptedto membraneshavingunequal
MS., where we see them
surfaces, such as those in Microcionaarmata, BOWERBANK,
following the undulationsof the membranesand sustainingthem in their properpositions
aroundthe columnarpartsof the skeletons. The varietiesof formin these spicula are well
representedby figs. 26, 27, & 28, Plate XXIV. Phil. Trans.1858. They are all out of
the same sponge. In Grantia compressa,and other closely allied species, where the
structure is systematicallymembranous,the skeleton spicula are triradiate,supporting
the membranes in uniform planes in the most effectual manner; and they are, in fact,
systematicallytension spicula, as well as skeleton ones. In Grantia nivea, JOHNSTON,
which is not symmetrical in its structure like G. compressaand its congeners, other
forms of tension spicula are developedto suit their especial purposes,such as represented
by figs. 30 & 31, Plate XXIV. Phil. Trans. 1858.
In siliceous sponges we also occasionallyfind triradiate spicula developed, and performing the office of tension spicula, in the midst of comparativelylarge membranous
areas; but these forms, in everycase under such circumstancesin which I have seen them
in situ, appear to belong to the exception, rather than the generalrule obtaining in such
sponges.
The foliato-peltate spicula, for a full account of the progressivedevelopment of which
I must refer to page 298, Phil. Trans. 1858, appear to be a development of the apices
of connecting spicula into dermal tension ones, bearing a strong resemblance in form
and purpose to the bony scutes in the skins of some of the higher animals, while the

extreme crenulation of their margins probablyserved the purpose of facilitating the
action of the porous system.
In all the varieties in form which I have hitherto described,and with which I am
acquainted, where they perform the office of tension spicula only, they are destitute of

spines. In other casesthe tension spiculanot only fulfil their own especial office, but they
subserve that of defensive spicula also. Thus in the dermal membrane of Spongilla
lacustris, JOHNSTON,we find them dispersed rather numerously, covered with short

acutely conical spines, as represented by fig. 21, Plate XXIV. Phil. Trans. 1858.
In Spongilla alba, CARTER,we find the tension spicula as abundantly spinous as those of
S. lacustris, but in this case the spines are truncated (fig. 22, same Plate). They have a

similarly blunted, imperfectly produced characterin those of PaclymatisrnaJohnstonia,
as representedby fig. 24.
The productionof tension spicula in the membranesof the Spongiade is by no means
a peculiarity of that class of animals. We find them in numerousbeautiful formsin the
skins of the Holothuriadae,varying in shape in the differentpartsof the animal to adapt
themselvesto the necessitiesof their situation; but the closest approximation,both in size
and form, to those of the Spongiade are the bihamate ones that are found so abundantly
and I have also seen
dispersedon the membranoustubular suckers of Echinus spharcra;
another variety of these spicula in the tubular tentacles of a large common species of
Actinia, and in the latter case they were even more minute than those of the Spongiadwe.
3MDCCCLXII.
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RetentiveSpicula.
In the first part of this paper (Phil. Trans. 1858, p. 300) I have describedthe varieties
in form and modes of development of these spicula. However varied they may be in
form, when they are in their normal positions their officeappearsto be purelyretentive.
They are generally producedsingly, and are dispersedwithout any approachto regularity
over all parts of the sarcodousmembranesof the sponge, abounding in some situations
to a very much greater;extent than in others. Their positions on, and mode of attachment to, the membraneare exceedinglyvaried, but in almost everyinstance it is such as
to render the spiculumobviouslysubservientto the retentionof the sarcodeon the membranes which it covers. In one instance only I have found the simplebihamate spicula
congregated in loose fasciculi. In this sponge, a new and very interesting species,
Hymedesmia Zetlandica, BOWERBANK, MS., they occur in great profusion.

Very few of

them occur singly; nearly the whole of them are found in rather loose fasciculi, and the
number is generally so great in each as to render it very difficult or impossible to count
them. The mode of their dispositionin the bundles is symmetrical,all the hami being
in the same plane and coincident in direction,as representedin Plate XXXI. fig. 8. A
few bundles of reversedbihamate spicula were observed,and these in like mannerwere
coincident in every respect like the simple bihamate ones.
When these forms of spicula are equal in the amount of the development of their
terminations,and when their hami or palms are coincident in plane and directionl,their
normal mode of attachmentis at the middle of the bow of the shaft, and the directionof
their projection is at right angles to the plane of the membrane on which they are
situated, so that both terminations are renderedeffective as retentive organs, as representedin fig. 8, Plate XXXI., dispersedon the membrane. But when their terminations
are in differentplanes, or unequal in amount of development,then the normal mode of
attachment to the membraneis by one end of the spiculum, while the other end is projected into the sarcodeabove at various angles. This mode of dispositionof the inequianchorateform of spiculum is beautifully illustratedin Halichondrialingua, BOWERBANTK,
MS., a new species of British sponge from the Hebrides.
In this case, as in HymedesmiaZetlandica, we find these organs congregated,but in a
very much more symmetricaland beautiful mode. They occurin rosette-shapedgroups;
the smaller palms being adherent to the membrane in a circularform, and disposed as
close to each other as possible,while the larger palmsradiatefrom the centre at angles of
about 20 or 30 degrees from the plane of the membrane beneath, as represented by
fig. 9, Plate XXXI.
I have selected this group for representation in consequence of its containing but a
small number of spicula, and thus displaying the mode of arrangementmore distinctly
than a greater number would have done. In many cases these groups contain so large
a number of spicula as to render any attempt to count them ineffectual,and in some
instances so many are developed that the group assumesthe form of a b-allrather than
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that of a rosette. Fig. 10, Plate XXXI. representsa rosette-shapedgroup containing
about the usual number of spicula.
Besides the rosette-shapedgroups in Halichondria lingua, there are a considerable
numberof these spiculadispersedoverthe surfacesof the membranes;but the attachment
of these spiculais morefrequentlyat the middle of the shaft than at the smallerend of the
spiculum, their normal point of attachment. In the single and separatemode of disposition they are performing the office of equi-anchoratespicula, and the mode of their
attachment is varied accordingly;but under these conditionsthey are rarelyever so fully
developed, nor do they attain the same size as those which form the radiating groups.
Notwithstanding the numerous groups and dispersed spicula of the inequi-anchorate
form, this sponge is also abundantlyfurnished with bihamate spicula of variousforms,
but they are never congregatedlike the anchorateones.
The same radiating mode of arrangementoccurs in a parasitical Australian sponge
from Freemantle, but the form of the terminations of the spicula is very differentfrom
those of Halichondrialingua. The distal termination of each of the inequi-anchorate
spicula is shortened in length, but expanded laterally to a considerable extent, and its
terminal edge is furnished with three thin pointed teeth. The distal end has two small
expanded and raised wings, projectedin the directionof the inner curveof the spiculum,
and so disposed as to cause it to resemble very closely an engineer'sspannerfor bringing
up to their bearings projecting square-headedscrews. Thus, although the forms of the
termination of the two varietiesof spiculavaryto a considerableextent, the principles of
their structure and purposes are in perfect unison. Fig.11, Plate XXXI. representsa
group of these spicula, and fig. 12, Plate XXXI. a single spiculum highly magnified to
displaytheir peculiarity of structure.
These forms of spiculaappear to be peculiarto the siliceous sponges. I do not recollect
having ever seen them in any species of calcareoussponge.
Spicula of the Sarcode.
The primaryoffice of the whole tribe of multiradiatespicula is evidently that of consolidating the sarcodoussubstanceof the sponge, nor is their presence in the exercise of
this office confinedto the Spongiadae. In the soft parts of the extensive family of the
Gorgoniadaewe find them in vast abundance, and in every variety of form, from an
elongate tubercularspiculumto the elongo-stellateformsof the Spongiadae,and the prevalence of the bluntly terminatedradiiis stronglyindicativeof their non-defensivecharacter.
But this latter quality does not obtain in other cases, either as regards the higher tribes
of animals or the Spongiadve.Thus we find in numerous species of compoundtunicated
animals their fleshy substance is crowded with sphero-granulatespicula, very closely
resemblingin form those of the sphero-and subsphero-stellateshapes so abundant in
TetheaIngalli and T. robusta(figs. 14 & 15, Plate XXV. Phil. Trans. 1858). In both
these cases the acute terminationand the peculiaritiesof their respectivesituationsare indicativeof their subservingthe officeof defensive,as well as that of consolidatingspicula.
5o2
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In some species of Tethea, where the sponge is elaborately protected by distinct
systems of defensive spicules, the subsphero- or sphero-stellate forms are either entirely
absent, or only represented by minute clavate or cylindro-stellate forms; but in Tethea
Ingalli and in Geodia carinata, where there is an almost total absence of elongate
defensive spicula at the surface of the sponge, the acutely pointed large subspherostellate spicula are exceedingly numerous immediately beneath the dermis, and gradually
decrease in number in an inward direction until they almost cease to exist in the deeper
portions of the sponge. Thus their presence in such abundance near the surface of the
animal would tend materially to check the voracity of any enemy that might attempt to
prey upon them. In like manner we find the smooth and abundantly porous membrane
of Tethzeamuricata (figs.14&15, Plate XXXI.) crowded with the elongo-attenuato-stellate
form represented in Plate XXV. fig. 18, Phil. Trans. 1858; and a single glance at them,
as represented in situ, will show how admirably they are calculated to defend the delicate
tissue on which they repose from the attacks of even their most minute and insidious
enemies. The mode of their disposition is also strongly indicative of their defensive
functions, their long axis being, not parallel to the plane of the membrane beneath, but
at right angles to it.
In Tethea Norvegica, BOWERBANIK,
MS., where the surface of the sponge is well
provided with external defensive spicula, the large subsphero-stellate form is comparatively rare, but the tissues of the neighbourhood of the intermarginal spaces and canals
are crowded with the minute attenuato-stellate forms, and their surfaces are bristling
with the sharp points of their radii, so that no intruding annelid could either take a
mouthful from their surfaces or crawl over them with impunity. Deeper in the sponge,
beyond the range of penetration of such enemies, they are comparatively very few in
number, and the large subsphero-stellate ones are entirely absent.
The hexradiate forms represented by figs. 24 to 36, Plate XXV. Phil. Trans. 1858,
are more especially found in the siliceo-fibrous sponges. I have only seen two specimens of this class of sponges in which the sarcode was well preserved. In one of these
I have observed the slender form like that of fig. 34, Plate XXV., occupying the areas
of the rigid siliceous skeleton completely surrounded by sarcode, which stretched from
one ray to another in thick glutinoid plates, but without touching the surrounding skeleton-fibres, excepting at one basal point connecting it with the general mass of the sarcodous tissues. From the positions and general appearances of the hexradiate spicula, it
would appear that this form of spiculum has the office more especially of supporting and
consolidating the sarcode, and that it is in no respect subservient to defensive purposes.
Generally speaking the slender rectangulated hexradiate spicula occur singly, but I
have sometimes found them grouped together; in this case their axes were coincident,
and their radii in the same plane, or very nearly so, but not always agreeing in their
direction; such a framework would form a very fitting support to a large mass of sarcodous tissue partially separated from the framework of the skeleton and occupying a
portion of a large interstitial space.
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In the large open areas of the skeleton of Euplectellaaspergillum,OWEN,
the hexradiate
forms, ranging from fig. 24 to fig. 33, Phil. Trans. 1858, are exceedingly abundant, and a
considerable number of them are not developed to the extent of the full number of their

radii. This may probably arise from the developmentof the radii being stimulated by
the necessities of the mass of sarcodoustissues in which they are imbedded, and consequently where no necessity for their presence exists they would not be put forth. In
the trifurcateand quadrifurcatehexradiate forms,if we mayjudge from the termination
of their radii, they, like the simple stellate forms, are either purely consolidating,or they
combine with that office that of defensive spicula also, as far as regards the sarcodous
substancein which they are imbedded.
We can scarcelyimagine any defensive propertiesin the slender and complicatedbut
elegant forms of the floricomo-stellatespicula,and it is probablethat their office is purely
that of assisting in the consolidationof the sarcodoussubstance.
The whole of these beautiful stellate forms of spicula are siliceous, while their homologues in the Gorgoniadaeand the compoundTunicataare calcareous; andit is somewhat
remarkablethat hitherto none of these forms have been found in the calcareousspecies

of sponges.

oSicula of tlheOvariaand Gemmules.
We find the same laws in force regardingthe spicula in the structure of the minute
bodies which have been;designatedgemmules by previouswriters on the Spongiadee,that
obtain in the sponges themselves. In some they serve the purposes of internal skeleton
and defensive spicula as well. In others they combine the officesof tension and defensive organs, and frequently they are very differentin form from those of the parent
sponge. In the first part of this paper,in Plate XXVI. figs. 11 to 42, Phil. Trans.1858,
I have figured the varieties of form that I have hitherto found in the ovaria and gemmules, and I have shown that these bodies may be classed in three groups.
1. Those which have the spicula disposed at right angles to lines radiating from the
centre of the ovariumto its surface.
2. Spicula disposed in lines radiating from the centre to the circumference of the
ovarium.

3. Spicula disposed in fasciculi in the substance of the gemmule from the centre to
the circumference.
In Spongilla Carteri,BOWERBANK,
MS., and S.fluviatilis, JOHNSTON,our commonest
British species,belonging to the firstgroup, the external series of spicula of the ovariaare
of the same form as those of the skeleton, but frequently somewhat shorter. They are
disposed irregularlyover the surface of the ovarium,and firmly cemented to it by the
middle of the shaft, while each of their apices is projected in tangental lines. Thus
their shafts performthe officeof tension spicula,while their terminationsbecome efficient
weapons of defence. Fig. 11, Plate XXVI. Phil. Trans. 1858, representsthe spiculum
of the ovariumof S. Carteri.
In other cases in this group we find these spicula differingfrom those of the skeleton
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of the parentsponge; thus, the one that is representedby fig. 13, Plate XXVI. Phil. Trans.
is curved so as to accommodate
1858, from the surfaceof Spongilla lacustris, JOlHNSTON,
findits
it to the rotundity of the ovarium; and we do not
apices projecting as in those
of S. juzviatilis, but instead of the projecting apices, the whole spiculum is coveredwith
minute spines, assimilating it in characterwith the general structure of those spicula
which combine the office of tension and defensive spicula, but differing considerablyin
their proportionfrom the tension spicula of the same sponge, S. lacustris, represented
by fig. 21, Plate XXIV. Phil. Trans. 1858, the one being evidently destined to sustain
and protect extended membranes,while the other is especiallyadaptedfor a small curved
surfaceby its form and small size; each of the figures being drawnwith the samepower,
660 linear.
On the surface of the ovarium of Spongilla cinerea,CARTER,we find this description
of spiculum still more decidedly produced. It is of a cylindrical form and entirely
spined, and has just the amount of curvaturethat is in unison with the curved surface
on which it reposes. The spines on the middle of the shaft are cylindrical,and terminated bluntly, so as to strengthenits hold on its imbedment. Those of its apices,on the
contrary,are acutely conical and recurved,and are stronglyproduced,so as to formvery
efficient weapons of defence. This spiculuhnis represented by fig. 17, Plate XXVI.
Phil. Trans. 1858.
The birotulate and boletiform spicula of the second group appear to be more purely
structural, as regardsthe skeleton of the ovarium. The rotule are very closely packed
at both the external and internal surfacesof that body, and the crenulationor dentation
of each rotula is as well producedon the internal as on the external ones, and it appears
to be very influential in maintaining each spiculum in its proper position. In the
natural condition of the ovaria these spicula-are entirely imbedded in its walls, and
other spicula of a truly defensive nature are superimposedfor its protection. The large
fig. 21,
spines in the shafts of the birotulate spiculum from Syongillaplumosa, CARTER,
Plate XXVI. Phil. Trans. 1858, are also apparentlysubservient to strengthening and
mlaintainingthe spiculum in its proper situation, although they are acutely terminated,
as defensive spines usually are; but in the same relative position on the birotulate spiwe find the spines short, stout, and cylindrical,
cula of Spongilla Meyeni, CARTER,
spreading or budding at their apices, and evidentlymorefitted for assisting to retain the
spiculum in its proper place than for defensive purposes. This spiculum is represented
by fig. 29, Plate XXVI. Phil. Trans. 1858.
There is an apparentanalogy between the expansionsof the rotulkeand those of the
folio-peltate spicula, but they do not appear, like the latter, to be derived from the
ternate forms. The radiationsof the canaliculi,as representedby fig. 32, Plate XXVI.
Phil. Trans.1858, are not derivedfrom three primaryrays,but each appearsto emanate
from a central cavity at the end of the shaft; and their number, 22, at their proximal
termination is not reconcileablewith any regular number of bifurcations arising from
three primaryrays, however short we may imagine them to be.
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The progressivedecline of the inner rotula in the inequi-birotulatespiculum of Spongilla peatlula (fig. 31), and its all but total extinction in Spongilla reticulata and Spongilla recurvata (figs. 33 & 34) until the distal rotula merges in the scutulate form,
with an acute external umbo in place of an internal shaft as in Spongilla Browrii figs.
36 & 37, Phil. Trans.1858, exhibit a very interesting series of gradationsof development in the same descriptionof organ.
The spicula of the third group (those having the spicula disposed in fasciculi in the
substance of the gemmule) differless in characterfrom those of the parent sponge than
either of the preceding groups. They are in reality but modifications of the external
defensivespicula of the parent sponges.
The inequi-fusiformi-acerateone (fig. 39, Plate XXVI. Phil. Trans.1858) differsfrom
the fusiformi-acerateone of the skeleton in no other respect than in the greater proportionate attenuation towardsits distal termination,which gives it a degree of flexibility
that allows of its bending freely under thee pressure of any comparativelylarge body;
and I have seen them, when two gemmules have been pressed closely together, bent to
the extent of semicircleswithout breaking. In the young gemmules these spicula are
usually projected much beyond the other forms of defensive spicula that accompany
them.
In like manner the small attenuato-porrecto-ternate
form (fig. 43, Plate XXVI. Phil.
Trans. 1858) is a modificationof the similarly formed external defensive spicula of the
parent sponge. In the adult gemmule the apices of these spicula rarely project beyond
the dermal membrane, and it is only on pressure from without that they would be
brought into effective use. The amount of the angle of their radiation at the apex of
the spiculum is therefore greatly increasedbeyond those of the external defensive ones
of like form in the parent sponge, so as to accommodatetheir apices to the curve of the
surface of the gemmule, and to render each point equally effective; and as they are not
projectedbeyond the dermal surface, as in the sponge, their shafts are shortened pro.
portionally.
The unihamate, bihamate, and recurvo-ternateforms of the same gemmules (figs. 40,
41 & 42, Plate XXVI. Phil. Trans. 1858) are also modified forms of the recurvoternate externaldefensive spicula of the parent sponges, Tetheacraniumand simillimus.
Of the other forms of " spicula the position of which are unknown," I can say little
more than I have before stated, excepting that I have since found the subspinulatoarcuate one, represented by fig. 51, Plate XXVI. Phil. Trans. 1858, in situ in a new
MS.,
species of sponge from Freemantle, Australia, HymeniacidonCliftoni, BOWERBANK,
a
and that it is retentive spiculum.

TheInterstitialCanalsand Cavities.
These organs exhibit their most complete mode of developmentin the genus Spongia
and in the Halichondroid sponges, occupying nearly the whole of the masses of the
animals. They consist of two distinct systems, an incurrent and an excurrent one.
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The incurrentseries have their origin in the intermarginalcavities immediatelywithin
the dermal membrane,and their large open mouths receive from these organs the water
inhaled through the pores and convey it to the inmost depths of the sponge, ramifying
continually like arteries as they proceed in their course downwarduntil they terminate
in numerousminute branches. The inhaled fluid is then taken up by the minute commencements of the excurrent series, which continually unite as they progress towards
the surface of the sponge, in the manner of veins in the higher animals, until they
terminate in one or more large canals which discharge their contents through the
oscula of the sponge. This systemis found to obtain in the whole of the genus Spongia
and in the massive Halichondroidsponges, which have their oscula dispersedover their
external surfaces. By this mode of organizationthe inhaled fluid, laden with nutritive
particles, is poured at pleasure into the internal cavities of the sponge, flowing over
extensive membranoussurfaces coated with sarcode; so that the aggregated surfaces
become a great system of intestinal action, fully equal in proportional extent to that
of the intestines of the most elaboratelyorganizedmammal.
They do not in everygenus exhibit the regularity of structuredescribedabove, and in
some cases the canalicularform resolves itself into a series of irregularlyformed spaces.
In other cases, where a common cloaca exists, there appearsto be but one system of
interstitial canals, those which convey the inhaled fluid from the pores through the
substance of the sponge to the parietes of the great central cloacal cavity which
receives the whole of the ftecal streams, rendering the system of excurrent canals
unnecessary.
In the Cyathiformspongeswe find a somewhat slmilar structure. The outer portion
of the cup is essentially the inhalant surface and the interior of it the exhalant one, and
there accordinglywe generally find a great number of small oscula dispersed on all
parts of it, very often having their margins slightly elevated, that the frecalmatter that
issues may be dischargedfree of the surroundingmembrane.
The large fistular projections which form such striking and beautiful objects in the
are also great cloacal organs, their dermal membranesaboundingin
genus Alcyoncellurm
pores, and their inner surfacefurnished with oscularorifices,the interveningspacebeing
occupied by the interstitial cavities, the interior forming one large cloacal cavity, which
dischargesits contents through a cribriformmouth at its distal end. In Grantiaboth
systems, the incurrent and excurrentinterstitial canals, become very nearly obsolete, the
large intermarginalcavities or cells imbibing the water through their pores on the distal
extremities, and becoming enlarged and elongated until they reach the parietes of the
great central cloaca, into which they discharge their contents, each through a single
osculum, into a short depressionor cavity in the parietes of the great cloaca, and this
shallow cavity representsthe nearly obsolete system of excurrentcanals.
The membranes lining the incurrent and excurrent canals are frequently highly
organized. In the common honeycomb sponge of commerce,when in the same condition as when taken from the sea, these canals are constructedof a series of compound
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membranes, each consisting of simple interstitial membrane with a layer of primitive
fibrous tissue beneath it; the fibrous portion consisting of a single series of fibres
parallel to each other, and so closely adjoining as to touch each other through nearly
their whole course (Plate XXVII. fig. 4).
When the fibres are clear of the membranoustissue they appear as simple pellucid
threads, but when covered by the membrane they frequently appear as if moniliformn;

this character seems to be due to minute molecules arranged in linear series on the
membrane immediately above them. These membranes abound in large open oval
-spaces, so that the tissue assumes very much the appearance of areolar tissue, as
in his treatise on mucous membranein the ' Cyclopaedia
describedby ProfessorBOWMAN
of Anatomy and Physiology.'
The layer of membrane forming the surface of the canal has its fibres disposed at
tight angles to the axis of the canal, while those of the layers beneath it assume various
directions, usually in straight lines, excepting in the vicinity of the areas of communication, aroundwhich they curve to strengthen their margins.
In the canals deeply buried in the mass of the sponge, the sides frequently consist of
but one layer of membrane and primitive fibrous tissue, and in this case also the fibres
are always disposed at right angles to the axis of the canal, but they are neither so
numerousnor so closely packed as in the sides of the great excurrent canals.
The interstitial membranesare also furnishedwith these fibres,sometimes in considerable quantity, but rather irregularly disposed,while in other cases a single fibre only
will be observedmeanderingacross the tissue.
The interstitial membranoustissues in a beautiful little specimen of Alcyoncellu,m
of the Hydrofrom the North Sea, for which I am indebted to my friend CaptainTHOMAS
graphical Survey, are very similarly constituted to those of the sponges of commerce.
The membranouswalls of the interstitial cavities are each formed of a series of fibromembranouslayers, the fibres of each layer being disposed at angles varying from those
above and below it.
Figures 1, 2, 3, & 4, Plate XXVII. represent portions of the lining membranes of
the incurrent and excurrent canals, and the mode of the disposition of the primitive
fibrousstructureupon them.
IntermarginalCavities.
In the Halichondroidsponges, immediately beneath the dermal membrane,there are
numerous and, comparativelyspeaking, large irregularlyformed cavities which receive
the water inhaled by the pores, and convey it to the mouths of the incurrent canals,
which have their origin in the deepest portions of the spaces. These organs, from their
irregularityin size and form, are not alwaysvery apparent; but if a section be made at
iight angles to the surfacein a dried specimen of IIalichondriapanicea or Hal. simulans,
JOHNSTON,
they may be readily detected and distinguished from the interstitial canals
and spaces of the sponge.
Fig. 13, Plate XXXI. represents a section of Halichondria yanicea, and fig. 1,
MDCCCLXII.
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Plate XXXII. a similarsectionof a branchof Halichondriasimulans,JOHNSTON, showing
that, however varied the forms of the sponge may be, the interstitial cavities are the
same in structureand position.
I have never been able, in the Halichondroid sponges, to detect valvular diaphragms
separatingthese spaces from the interstitial canals and cavities beneath.
In the genera Geodia and Pachmatisma these organs assume a very much greater
degree of regularity and a complexity in their organizationthat are never apparent in
those of the Halichondroid sponges. In GeodiaBarretti, BOWERBANK,MS., a highly
organized species of the genus, they are found in the crustular dermis in great abundance. They are in form very like a bell, the top of which has been truncated. They
are situated in the inner portion of the dermal crust; the large end of the cavity being
the distal, and the smaller end the proximal one. The open mouth or distal end of the
cavity is not immediately beneath the dermal membrane. There is an intervening stratum of membranesand sarcode, of about two-fifths the entire thickness of the dermal
crust, which is permeated by numerous minute canals which convey the water inhaled
by the pores to the expandeddistal extremity of the cavity. The proximal end is closed
by a stout membranousvalvulardiaphragm,which the animal has the power of opening
and closing at its pleasure. It is usually entirely destitute of the characteristicdermal
spicula that are found abundantlyin the adjoining membranoustissues.
The action of the diaphragmof each cavityappearsto be independentof the surrounding ones, the condition or degree of opening of no two adjacent ones being alike. In
the greater number of cases they were in a closed state, and in this condition the membrane was filled with concentric circles composedof minute ruge or thickened lines, and
at the centre it was closely pressed together, completely closing the orifice. In some
cases the membrane was only partially closed, and the orifice was either circular or
slightly oval; in others it was nearly as large as the diameter of the basal end of the
cavity. The pursing of the centre of the membraneof the diaphragmwas always outward as regards the cavity, so that when viewed from within it appearedas a slightly
funnel-shapeddepression, the bottom of which was conical. The cavities are lined by
a smooth and tolerably strong membrane, abundantly supplied with slender fibrous
tissue, disposed in nearly parallel lines at right angles to the long axis of the cavity.
The adaptation of the skeleton to the support of these elaborately constructedorgans
is very remarkable. The sponge is furnished abundantly with large expando-ternate
spicula, the radii of which are furcated at their apices. They occur in a series of
bundles; the long attenuated shafts of each fasciculus approximate at their bases, and
diverge thence until the ternate head of each is about equally distant from its surrounding neighbours, and the extremities of the rays touch or slightly cross each other, thus
forming a beautiful and regularnetwork,the meshes being six- or seven-sided,according
to circumstances. The upper surfaces of the radii are firmly attached to or partially
imbedded in the under surface of the crustular stratum, and the areas thus formed are
:occupiedeach with the proximalvalvularterminationsof one of the intermarginalcavities.
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The progressivedevelopment of these inhalant areas, formed by combinationsof the
radii of the ternate forms of spicula, in different species of sponges is very interesting,
In Pachymatismathey are so indefinite that they can scarcely be said to exist. The
ternate spicula are few in number and very irregular in their mode of disposition, and
a faint indication only of their future regular combinationto form the dermal reticulation is apparent. In the more highly organizedgenus Geodiawe find them in different
and Barretti, the
species in progressivestages of combination,until, in G. MYAndrewii
apices of the radii of the ternate spicula are interlaced with each other, and a continuous irregularnetwork is formed, each area of which is filled with the proximal termination of an intermarginal cavity. In Dactylocalyx Prattii, BOWERBANX,MS., the
structure advancesanother stage towards perfection.
There is the same design as that exhibited in the constructionof the dermal areas in
and Barretti, but there is a considerable differencein the applicaGeodiaM'^Andrewii
of
the
areas
tion
produced by the combinationsof the ternate apices. In Geodiathese
areas are placed beneath the highly organized and regularly formed intermarginalcavities, and form the framework and support of their valvular proximal ends; while in
Dactylocalyx Prattii they are situated above the distal ends of the intermarginalcavities of the sponge, which have not the regular structure and valvular appendage of
those of Geodia, but are similar to the like organs in the Halichondroid sponges, and
in this position they serve only to support and strengthen the dermal membrane,which
adheres firmly to their distal surfaces. In this situation they are subject to a greater
chance of pressure and disruption than the more deeply seated ones of Geodia, and
accordinglywe find extra provisionsfor the safety of the junctions of their radii. The
shafts of these spicula are short, stout, and conical, and they penetrate but a very short
distance into the substance of the sponge. They do not appear to be cemented to any
part of the rigid siliceo-fibrousskeleton, but are merely plunged into a somewhat thick
stratum of membranousstructure reposing on the surface of the skeleton. Their radii
are compressedconsiderablyand extended laterally, so that their planes are in accordance with that of the dermal membrane,and they present a greater amount of adhesive
surfacethan those having cylindricalradii. The ternate rays ramifyirregularly. Sometimes one ramus, after slightly pullulating, remains nearly obsolete, causing the branch
to assume a geniculated form like some of the ramificationsof a Deer's horn, and no
two appear to be exactly alike; in fact there is every appearance that each ray is
influenced and modified in its development by the necessities of combinationwith the
adjoining spicula, and their apices are directed in such a manner that they lap over each
other in opposing lines, so that each two form a spliced joint, giving a much greater
amount of strength than the mere crossing of the radii at various angles as in those
of Geodia. The inhalant areas thus formed appear to differ very slightly from those
of Halichondria panicea, in each of which several pores are opened, while those
of Daetylocalyx Prattii seem to be devoted each to a smaller number (Plate XXIX.
figs. 8 & 9).
5 2
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As the ternate spicula thus united for the support of the dermal membranewould
afford it little or no protection against the voracity of its smaller enemies, we find the
necessary defence in innumerable short, stout, entirely spined cylindrical spicula not
exceeding 3 oth of an inch in length; thus minute, there s no conceivinga predaceous
creature with a mouth so small that they would not enter and become a subject of
annoyance so great as to interfere seriously with its attacks on the membrane; and

they are so numerous, and so closely packed together, that no portion of it equal in size
to the length of a spiculum could be removed without one or two of them accom-

panying it.
A still further advance in this system of dermal support and defence is exhibited in

the beautiful harrowtissue of Dr. A. FARRE'Ssiliceo-fibroussponge, to which his specimen of Euplectella cuccumer,
OWEN, is attached. In this case we have a perfect and
regular quadrilateral network of smooth siliceous fibre, from the angles of which a

double set of short conical spicular shafts are projected, each about Tp th of an inch in
length and entirely spined. Each set are at right angles to the plane of the networ;,
one series pointing inward, and serving the purposes of attachment to the mass of the

sponge beneath, while the other set are directed outward,serving as defensiveweapons;
so that a small piece of this tissue beneath the microscopeclosely resemblesan agricultural harrow, with the difference that it has two sets of teeth in opposite directions
instead of one. The dermal membrane has been nearly all destroyed; but entangled
with the fibres of the skeleton there are some attenuato-stellate spicula, with which it
is probable the dermal membrane was amply furnished as secondary defences against its
minute enemies.

I believe the surface presented to the eye in the portion represented in Plate XXXII.
fig. 7 to be the external surface, as the fragments of the dermal membrane which
remain all seem to cover that side of the fibres. Generally speaking there is some
difficulty in detecting the double series of spicular organs at the angles of the network,
but a reversal of the object beneath the microscope immediately removes all doubt on
that subject.
In Grantia compressa and ciliata the intermarginal cavities appear to attain their
highest degree of development, and are multiplied and expanded to such a degree as to
almost supersede every other organ. The whole sponge in these species is formed of
a great accumulation of elongated cells or cavities, closely adjoining each other and
angular by compression. Their conical distal terminations, abounding in pores, represent the external surface of the sponge, while their valvular proximal ends form the
inner surface, in conjunction with the shallow cavities, into the distal ends of which
each cell discharges its contents. These shallow depressions, intervening between the
intermarginal cavities and the cloaca, are all that remains to represent the incurrent
portion of the interstitial systems so largely developed in the Halichondroid sponges, the
great cloacal cavity entirely superseding the excurrent spaces and canals (Plate XXXIII.
figs. 1 & 2).
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In these species of Grantia there is no doubt regarding the existence of cilia, the
whole of these great cavities being completely lined with them.
It is a question whether the intermarginal cavities share, in commonwith the interstitial canals, in the function of the assimilation of nutriment, or whether they are
devoted solely to the aeration of the fluids of the animal; and this, if we consider the
structureand extent of the interstitial canals in the Halichondroid sponges, is probably
the case. In Grantia the abundant provision of cilia in those cavities at once stamps
them as breathing-organs; and although cilia have never yet been satisfactorilyproved
to exist in the intermarginal cavities of the Halichondroid sponges, there can be no
reasonabledoubt of their being the homologues of the large ciliated cavities in Grantia
compressaand other similarly constructed sponges. Now in these sponges, although
the cilia may be readily seen in vivid action within the open oscula, as I have described

at length in my paper " On the Ciliary Action of the Spongiade," published in the
'Transactions of the MicroscopicalSociety of London,'vol. iii. p. 137, not the slightest
trace of cilia exists without those organs; and this seems to indicate that the aerating
functions were strictly confinedin these sponges to the large intermarginalcavities.
The same mode of reasoning applies equally well to the intermarginal cavities of
Geodiaand Pachymatisma,to which it is probable that the cilia are in like manner confined. The great valves at the proximal ends of these cavities in this tribe of sponges
appear to strongly indicate a decided separationof the functions of aeration and digestion; and if this conclusion be true in regard to the intermarginal cavities of Geodia
and Pachymatisma,it will probablybe so in the homologous organs in Grantia; and in
this case we must look for the digestive surface in the shallow cavities intervening
between the terminal valve of the intermarginal cavities and the parietes of the great
cloaca, and of the surfaces of that organ itself. The structure and functions of the
intermarginal cavities, and especially as displayed in Geodiaand Pachymatisma, indicate a closer alliance with the great class Zoophyta than has hitherto been suspected
to exist. In the one case we have an accumulation of individual animals conjoined in
one mass; in the other a similar congregationof organs in place of individuals.
-DermalMembrane.
The dermal membraneenvelopes the sponge entirely. When denuded of sarcodeby
partial decomposition, it has the appearanceof a simple, pellucid, unorganizedmembrane. In the living state its inner surface is somewhat thickly coated with sarcode,
and it has the appearanceof, comparativelyspeaking, a stout, tough skin, and in many
spongesit requiresa considerableamountof violenceto tear it. The dermalmembraneof
the Turkeysponge of commerce,Spongiaofficinalis,is abundantlysupplied with primitive
fibroustissue. It curvesround the marginsof the porous areas,thickening and strengthening the whole of the dermis to a very considerableextent; but it exists to a very slight
extent in the pellucid membranesof the areas in which the pores are opened. When
alive, it is replete with powers of life and action of a very remarkable description.

792

DR. J. S. BOWERBANK ON THE ANATOMY

Without the slightest appearanceof nerves or muscles, it has the power of opening
pores on any part of its surface and of closing them again at pleasure, without leaving
a trace of their existence to indicate the spot they occupied; and there is no amount of
laceration or destruction that it does not seem capable of repairing or replacing in a
very short period, reproducing itself over extensively denuded surfaces in a very few
hours. It also shares, in common with the interstitial membranes, the power of
strongly and quickly adhering to other sponges of the same species with which it may
be brought in contact, but never with those of a differentspecies, howeverlong the two
may remain pressed against each other. In some sponges the distal extremities of the
skeleton pass through and project beyond the surfaceof the dermal membrane,while
in other cases the whole of the skeleton is confinedwithin it.
I will not describe at length these remarkablepowers of the dermal membrane,but
refer the reader to a series of observationson the "Vital Powers of the Spongiade,"
published in the Reports of the British Association for 1856, p. 438, and for 1857,
p. 121, in which I have describedin detail a series of observationsand experimentson
living sponges,which demonstratein a satisfactorymannerthe extent of the vital powers
and capabilities of this highly sensitive membrane.
In some species of sponges the outer surface of the skeleton is especially modifiedto
strengthen and support the dermal membrane. Thus in some of the keratose sponges
of commerce,in parts of the sponge which have been in contact with other sponges, or
with rocks or stones, we find a fine network of stout fibres immediately beneath the
MS.,
derma, as representedby fig. 9, Plate XXXII.; and Isodictyavarians,BOWERBANK,
is always furnished with a fine network of spicula,the reticulationsconsistingof a single
series of spicula only, and on this frameworkthe dermal membraneis firmly cemented.
Fig. 8, Plate XXXII. represents a small portion of this dermal reticulation, magnified
108 linear.
In Halichondriapanicea the same description of reticulation prevails, but in this
sponge the fibres of the network are always composed of numerous spicula cemented
together, as represented in fig. 5, Plate XXXII., illustrating the porous system of the
above-namedspecies of sponge. But this regularity of structureis not constant even in
the same individual; thus in Hal. panicea you will often observe one portion of the
dermis beautifullyreticulated, while a closely adjoiningspot will be supportedby a series
of matted spicula without any indication of areas for the pores, and these variationsin
structure are evidently determined by the presence or absence of those organs at particular parts of the surface. In other cases, beside a general attachment of the inner surface of the dermal membraneto the surface of the skeleton, we find it supported by
numerousflat fasciculi of spicula dispersedirregularlyon its inner surface, and differing
materially in size and form from those of the skeleton, as in our commonBritish species, Halichondriaincrustans. Great variety exists in these modes of strengtheningand
supporting the dermal membrane; but those which I have describedabove will suffice
to illustrate the general principles of their application. Beside the general systems of
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external defence, the dermal membrane is often supplied with special defences. Thus
in Tetheamuricata(figs. 14 & 15, Plate XXXI.) we find its outer surfaceabundantlysupplied with elongo-stellate spicula,which project externallyto a considerableextent; and
in lDictyocylindrusstuposus, BOWERBANK,
MS., beside the numerous defensive spicula
projected through the surface,we find the membranefilled with minute sphero-stellate
spicula, which would effectuallyprotect it from the assaults of any minute enemies that
might attempt to prey upon it. Fig. 6, Plate XXXII. representsa small portion of the
dermal membraneof this sponge. This mode of defence is very general in the genera
Geodia,Tethea,and Pachymatism, and it occasionallyoccurs in many other genera of
Spongiadee.
The Pores.
The pores in the Spongiadaeare the orifices or mouths through which the animals
breathe and imbibe their nutriment. They are situated in the dermal membrane,and
are exceedingly numerouswhen the imbibing powers are in full operation. In Pachymatisma and Geodia,and in some other highly organizedgenera, there is good reason to
believe that they are permanent organs, opening and closing repeatedly in the same
situations. But in the greater part of the Halichondroid types of sponges they are
certainly not permanent orifices like the mouths of higher classes of animals, and in
these sponges, when they are in a state of complete repose, there is not the slightest
indication of their existence. Their usual form is circular, but they frequently assume
the shape of an elongated oval, and within a limited range they vary to a considerable
extent in their dimensions; on the whole they exhibit a very constant and universal
type of form and size; howeverdifferentmay be the internal structureof the sponges, or
however great may be the differencein size of the individuals, they always appear to
maintain their normal characters. No definite law appearsto prevailin their distribution over the surface of the sponge, and they are liable to appear to a greater or a less
extent on every part of its external surface, wherever there are intermarginal cavities
beneath. The situations where they may be expected to appear may in many instances
be readily recognized. Thus in Halichondriapanicea wherever we see on the dermal
membrane a well-defined reticulation of spicula with clear and distinct areas, there,
when the sponge is inhaling, we may expect to find the open pores, as representedin
Plate XXXII., fig. 5,while on spots perhaps immediately adjoining, where the dermal
membraneis occupied by a thickly interwovenmass, a felting of spicula, the probability
is that not a single pore can be detected.
In some of the West India fistulose sponges we find the large or primaryarea of the
dermal surface composed of keratose fibre, and within these large areas the dermal
membraneis strengthenedand supportedby a secondaryreticulation of spicula, in the
areas of which the pores are opened. In these secondaryreticulations the spicula are
abundant, while in other parts of the sponge the tension spicula are rather of rare
occurrence. In Grantia, a sponge of a widely differentconstruction from those of the
Halichondroidtype, they occupy the distal extremities of the large intermarginalcavi-
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ties of the sponge, and they appear to open over the whole of those portions of the

cavities not in contact with the adjoining ones.
In PachymatismaJohnstoonia,a British sponge closely allied to the genus Geodia,
we find the dermal membrane perforated by innumerable pores, some as minute as

l-oioothof an inch in diameter, while others attain the size-2of

Uth of an inch. They

are nearly equidistant from each other, but without any order in their arrangement.

Immediately beneath the dermal membranethere is a stratum of membranousstructure
and sarcodedestitute of gemmules, and about equal in thickness to one-thirdof that of
the whole of the dermal crust, the remaining two-thirds of which consist of a stratum
of gemmules or ovaries closely packed together, but perforated at intervals by the inter-

marginal cavities. Through the upper stratum,destitute of ovaries,a small canal passes
from each pore to the nearest adjacent intermarginal cavity, so that there are a series of
them at various angles, all concentrating their streams of inhaled fluid at the distal end

of the cavity, which is gradually expanded in diameter to receive them. In these
sponges therefore each mouth appears to be furnished with a separate oesophagus, if I

may be allowed the term, connecting it with a stomach-like cavity common to a
group of mouths above it -a system of organizationstrikingly in unison with that of
the higher classes of animals. In some cases, as in Geodia]MfAndrewiiand Barretti,
BOWERBANK,MS., we find the pores systematically congregated in groups, as in

Plate XXXII. fig. 4, which represents four groups from the latter species, and this
congregation is accounted for by the peculiarities of the form and arrangement of the

intermarginalcavities of that class of sponges.
The porous organs are still further complicated in a specimen of a branchedsponge
from the East Indies, presented to me by my friend Mr. S. P. PRATT.This sponge,
which is a single branch about a foot in length and 9 lines greatest diameter, has

nearly the whole of its surface abundantly furnished with peculiar and highly organized areas, as represented in Plate XXXV. fig. 3, each of which covers and protects
a deeply depressed porous area, the depth of which in many cases rather exceeds its

own diameter. The protective organ covering this depressionis elaboratelyand beautifully constructed, very closely resembling, in many respects, the spiracula of JDytiscus

marginalis and other similarly constructed insects. Each of the depressed areas of
the sponge is furnished with ten semifollicular membranous cones, the whole of
them being based on a common external marginal ring of dermal membrane, from

which they are projected inward in the same plane as the dermal surface until
their apices nearly meet in the centre of the inhalant area. The exterior surface of
each cone is perfect and continuousfrom the marginalring of membrane to its apex;
but on the interior surface it is only perfect for about half its length from its apex
backwards, as if half of the basal portion of a conical bag had been cut away from the

remainder. Fig. 5, Plate XXXV. representsthe exteriorhalf of one of these protective
organs, and fig. 6 the semifollicularstructure of their conical organs. The membranes
of which they are constructed are abundantly furnished with tension spicula, which are
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dispersedwithout order on every part of their surface. It is the only instance I have
seen of such an elaborate mode of protection of the porous areas in the Spongiadae.
In my "Further Report on the Vitality of the Spongiadse,"published in the Reports
of the British Association for 1857, I have describedat length the opening and closing
of the pores in Spongillaftlviatilis: each operationis commencedand terminatedin less
than a minute; they are perfectly dependent on the will of the animal; and in neither
case are they simultaneous, but follow in irregular succession, in accordancewith the
necessities of the animal; and when once the pores are closed, they do not appear to
ever open again in precisely the same spot.
In these wonderful opening and closing operationsin the dermal membraneof Sporngilla, every movement is accomplished as systematically and accurately as if there
were a perfect system of nerves and muscles present, while not a vestige' of [fibrous
structure can be detected in the thin translucent membrane and its sarcodouslining.
No cicatrix remains for an instant after closing, no indication is perceived of the spot
where the opening is the next moment to be effected.
In sponges exposed to the action of the atmosphere, between high and low water
marks, and in dried specimens, the pores can rarely be detected. In the first case
they are carefully closed on the recedingof the tide, that the water within them may be
safely retained during their exposure to the atmosphere; and in the latter case the
violence offeredto the sponge, and the shock of its removal from its native locality, are
sufficient to induce an immediate closing of those organs, as I have shown in the
details of my observationson these organs in Spongilla in the volume of the Reports
of the British Association for 1857, to which I have before alluded. But should a
specimen of marine sponge, after a careful removal from its place of growth, be placed
in a shallow pan of sea-water, and be allowed to die of inanition, it then frequently
expires with the whole or a considerableportion of the pores open, and in that state it
may be readily preservedfor the cabinet.
The Oscula.
The oscula are the fiecal orificesof the sponge. They are situated at the distal terminations of the single or concentrated excurrentcanals of the animal. They vary considerablyin form and size; sometimesthey appearas single large orifices,while at others
they consist of several small orifices grouped together. When the sponges are massive
and solid, they are usually to be found dispersedover the dermalsurface,but occasionally
they are grouped on the highest portions or on the elevated ridges of the mass. In
GeodiaBarretti they are concentratedin deep depressionsor pits. In other cases they
are entirely hidden from view, lining the interior of elaborately constructed cloacae
situated in the centre of the sponge, as in Grantia compressa and ciliata, Verongia fistulosa, and a numerous series of species of fistulose sponges from the West Indies.

They are permanentorgans, and are capable of being opened or closed at thiewill of
the animal, and are subject to a considerable amount of variation in size and form, in
MDCCCLXII.
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accordancewith the variationsin the actions of the sponge. Thus in littoral sponges
they are frequently entirely closed,and their situation even quite indeterminable,during
the period of their exposure to the air; but when immersedin water, and the sponge is
in the energetic action of the imbibition of nutriment, they are expanded to their full
extent; but when this action ceases and that of gentle respiration only exists, many of
them close entirely, and othersexhibit aperturesnot exceedinghalf their formerdiameter
while the imbibition of nutriment was in vivid action. Their expansion or contraction
is not rhythmical; each can be opened or closed at the will of the sponge without any

apparent effect on the others. Nor is the habit of opening and closing the oscula the
same in every species. Thus in the course of my observationson Halichondriapanicea
in their natural and undisturbedlocalities,I have frequently
and Hymeniacidoncaruncucla
observed,during their exposure to the air at low tide, that while no oscula in an open
condition could be found in Hymeniacidoncaruncula,the greater portion of those on the
specimens of Halichondriapanicea were more or less in an open state.
They appear also to be subject to a considerableamount of modificationas regards
situation, even in the same sponge. Thus in our common British species, Halichondria
panicea, when of small size, they are situated on the surface of the sponge, and are
scarcely, if at all, elevated above the dermal surface; while in large specimens of the
same specieswe find them collected in the insides of large elongated tubular projections
or common cloacue,and these organsvary from a few lines only in height and diameter
to tubular projectionsseveralinches in height, with an internal diameterof half or threefourths of an inch. When they attain such dimensionstheir parietes are often of considerablethickness, and their external surface becomes an inhalant one, like that of the
body of the sponge.
In many species the oscula are always elevated above the dermal surface, and these
thin pellucid elevations are permanent,while in othlers,as in Spongillafluvatilis, the
tube exists only during the course of the energetic excurrent action; and in such cases
it appears to be subject to great variation in size and form, as I have shown in the
description of Spongilla in my " Further Report on the Vitality of the Spongiadae,"
in the volume of the Reports of the British Association for 1857.
Inhalation and Exhalation.
The works of the old writers on Natural History are full of vague opinions on the
nature of sponges, but none of them seem to have seriously studied their anatomy,or to
have kept them alive in sea-water and examined their daily habits. They appear to
have excited abundant attention in the closet, and but very little in their natural
localities. The ideas of those authors are so loose and indefinite that it would really
be a loss of time to seriouslyexamine and attempt to refute them; and as Dr. JOHNSTON,
in his ' History of British Sponges,'has given in his Introduction,Chapter2, an excellent
digest of the various opinions of the previous writers on the subject, I shall content
.myselfwith referringmy readersto the work of that eminent authorfor furtherinformaa-
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tion on these subjects, and with briefly referring to the few actual observationsthat
appear to have been made by naturalists.
at the beginning of the 18th century, stated that he had seen contraction
MARSIGLI,
and dilatation in the oscula of several sponges just removed from the sea.
Natural History of Zoophytes, pp. 184,
ELLIS(ELLISand SOLANDER),
After MARSIGLI,
186, and 187 (see also Zool. Journ. pp. 375, 376), enunciated similar opinions founded
on his own observationson the action of the oscula and their currents; but neither of
those authors was aware of the true mode of the entrance of the water into the sponge,
a much more difficult problem to solve than its exit through the oscula.
in his researches,although made on sponges recently taken from the sea,
CAVOLINI
failed in seeing the action of the oscula as ELLIShad done, and he accordinglydisputed
the truth of those opinions. At a later period, Colonel MONTAGU,although actually
examining sponges in the places of their growth, arrivedat similar conclusions to those
of CAVOLINI,
and, like that author,he believed them to be animalsof a very torpid nature.
MONTAGU'S
reasoning to prove the animality of sponges is for the most part sound and
excellent; he says, " Whether motion has ever been discoveredor not in any species of
sponge is not, I conceive, of so much importance as some naturalists would appear to
consider. Those who are solicitous in their inquiries after the animalswhich they have
supposed to construct the vesicularfabric of sponges, and have expressed their surprise
that this in age of cultivated science no one should have discovered them, must have
taken a very limited view of matter possessingvitality, and have grounded their hypothesis only upon supposed analogy." He also observes,"The true characterof Spongia
is that of a living, gelatinous flesh supported by innumerablecartilaginousor corneous
fibres or spicula, most commonlyramifiedor reticulated,and furnishedmore or less with
external pores or small mouths which absorb the water, and which is conveyed by an
infinity of minute channels or capillary tubes through every part of the body, and is
there decomposedand the oxygen absorbedas its principal nourishment, similar to the
decompositionof air in the pulmonaryorgansof what are called perfect animals."-Wernerian Memoirs, vol. ii. pp. 74, 75.
conclusions regarding the nature of sponges are so thoroughly vague and
LAMOUROUX'S

supposititiousas scarcelyto require notice.
has placed the Spongiadae in a higher position than any naturalist who had
LAMARCK

preceded him, giving them precedence of the sertularianand celliferous Corallines,and
even of the Corallidae; but I cannot concur with him to the full extent of his conclusions, which, like those of most previous writers, were derived to a much greater extent

from comparativereasoning than from actual observationof the animals in a living and
natural condition.
Professor SCHWEIGGER'S
opinions are very much more those of a practical naturalist,
had
that
he
evident
and it is
closely observed them in a living condition; but he too
shares the erroneous opinion of his predecessors, that the oscula were the organs of

imbibition, and that no water entered through the dermal surface. ProfessorBELL, in
5 Q2
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the 'Zoological Journal' for June 1824, states that he saw the action of the streams from
the oscula, but like previous writers concluded that they were organs of imbibition as

well as excurrent organs. And it was not until the excellent and accurate " Observations
and Experiments on the Structureand Functions of the Sponge" were published in the
Edinburgh Philosophical Journal, vols. xiii. and xiv., by ProfessorGRANT,that a correct
notion was entertained by naturalists of the inhalant and exhalant powers of those bodies.
These details by the learned Professor are so full and complete as to leave but little

room for the improvementof our knowledge of this portion of their natural history.
And the facts of the imbibition of the surroundingwater by the pores in the dermal
membrane, its circulation through the internal cavities of the sponge, and its final ejection

through the oscula, have been firmly established and acknowledged by all naturalists
who have studied these animals closely in a living state. Dr. GRANThas, in truth, proved
himself to have been, in regard to the aqueous circulationin the sponge, what HARVEY
was to that of the blood of the higher classes of animal life, the first to discoverand to
publish the true mode of the circulation of the water in the animal.
This learned and accurateobserver says, " I first placed a thin layer from the surface
of the S.papillaris in a watch-glasswith sea-waterunder the microscope,and on looking
at its pores I perceived the floating particles driven with impetuosity through these
openings; they floated with a gentle motion to the margin of the pores, rushed through

with a greatly increasedvelocity, often striking on the gelatinous networks, and again
relented their course when they had passed through the openings. The motions were
exactly such as we should expect to be producedby cilia disposed round the inside of
the pores."-Edinburgh New Philosophical Journal, vol. ii. p. 127.
The same author, in describing the excurrent action, says, " The Spongia panicea (Halichondria incrustans, JOHNSTON)
presents the strongest current which I have yet seen." Two
entire round portions of this sponge were placed together in a glass of sea-water with
their orifices opposite to each other, at the distance of two inches; they appeared to the

naked eye like two living batteries, and soon coveredeach other with feculent matter.
Stimulated by the recital of the observations of Dr. GRANT,I have often sought these
currents flowing from the oscula, and there is no species which I have had the opportunity of examining in a fresh and vigorous condition in which I have not succeeded in
seeing them. In the one observed by Dr. GRANT,Halichondria incrustans, JOHNSTON,

the oscula being few in number and very large, the excurrent streams are more
than usually powerful. In the course of my investigations " On the Vitality of the
Spongiadae,"at Tenby,which are published in the Reports of the British Associationfor
1856, and in the "Further Report" published in the same work for 1857, I have
describeda long series of observationsof the vital actions of the Spongiade as displayed
in Hymeniacidon caruncula and Spongillafltviatilis, in both of which species there was
a perfect accordance in the habits and modes of exertion of these vital actions.
The power of inhalation appears to be exerted in the Spongiade in perfect accordance
with the similar vital functions in the higher classes of animals, not involuntarily and
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continuouslyas in the vegetable creation,but at intervals,and modifiedin the degree of
its force by the instincts and necessities of the animal. And it may be readily seen that
the faculty of inhalation is exercised in two distinct modes; one exceedingly vigorous,
but of comparativelyshort duration,the other verygentle and persistent. In the exertion
of the first mode of inhalation, that is during the feeding period,a vast number of pores
are opened, and if the water be charged with a small portion of finely triturated indigo

or carmine,the molecules of pigment are seen at some distance from the dermal membrane, at first slowly approaching it and gradually increasing their pace, until at last
they seem to rush hastily into the open pores in every direction.

In the meanwhile the

oscula are widely open, and pouring out with considerableforce each its stream of the
excurrentfluid; and if the reflexion of one of the horizontal portions of a window-frame
be brought immediately over an excurrent stream, it will frequently be seen that the
surface of the water is considerablyelevated by its action, even although the osculum be
half or three-fourthsof an inch beneath its surface, and this vigorous action will sometimes be continued for several hours, and then either gently subside or abruptly terminate. Occasionally a cessation of the action may be observed in some of the oscula
while in others it is proceeding in its full vigour, and sometimes it will be suddenly
renewed for a brief period in those in which it had apparentlyceased. These vacillations
in the performanceof its functions are always indicative of an approachingcessation of
its vigorous action. When the vivid expulsion of the water has ceased, the aspect of the
oscula undergoes a considerable change; some of the smaller ones gradually close
entirely, while in the larger ones their diameter is reduced to half or one-third of what
it was while in full action. Simultaneouslywith the decline in the force of the excur.
rent action the greater portion of the pores are closed, a few only, dispersedover the
surface of the sponge, remaining open to enable the gentle inhalation of the fluid to be
continued, which is necessaryfor the aeration of the breathing surfaces of the sponge.
The breathing state of inhalation appearsto be very persistent, and I have rarely failed
in detecting it when I have let a drop of water chargedwith molecules of indigo quietly
sink through the clearfluid immediatelyabove an open osculum. These alternationsof
repose and action are not dependent on mere mechanical causes, and sponges in a state
of quiescence may be readilystimulated to vigorous action by placing them in fresh cool
sea-water, and especially if it be poured somewhat roughly into the pan and agitated
briskly for a short period; and this will take place even in specimens that have very
recently been in powerful action.
No general law seems to guide the animal in the choice of its periods of action and
repose, and no two sponges appear to coincide entirely in the time or mode of their
actions. In fact, each appearsto follow the promptingsof its own instinct in the choice
of its periods of feeding and repose.
In the littoral sponges there is a third condition of the animal, and that is during
its exposure to the atmospherein the intervals between high and low water, and in some
sponges the pores and oscula are both completely closed. But this condition does not
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obtain in all species. Thus, during the course of my investigationsat Tenby, I observed
that while, amidst the numerous specimensof Hymeniacidoncarunculaand Halichondria
panicea that coveredthe rocks in the neighbourhoodof St. Catherine'sCave, the former
rarely exhibited an open osculum in the absence of the water, those of the latter species
were frequently more or less open.
The most beautiful and striking view of the differencesexisting between vigorous
action and the comparativerepose of the breathing process is exhibited in Grantia
ciliata. In this species the pores are situated on the obtusely conical distal terminations
of the intermarginalcells or cavities, each of which is furnishedwith a long fringe of
spicula surrounding its porous end, their proximal terminations being cemented, for
about a third of their length, to the slightly curved surface of the base of the cone. In
the state of the comparativerepose of aerating inhalation, and when the base of the
conical extremity of the cavity is not distendedby the incurrent action, these spicula all
converge to a point at the level of their own apices, and the water thus gently inhaled
passes between the shafts of the spicula, forming the protective cone to the inhalant
pores, and effectually preventing any extraneous matter from approachingthem. But
when the vigorous feeding action commences,the distention of the base of the conical
portion of the cavity brings it into lines parallel to the axis of the cell, and thus the
conical fringe of spicula assumesa cylindricalform, and the molecularfood of the animal
is freely admitted to the pores.
A correspondingaction obtains in the exhalant system of this interesting sponge,
The mouth of the great central cloaca is furnished with a thick fringe of very long and
slender spicula, which by the contractionof its sides near the mouth are all brought to
assume a conical form like those appended to the inhalant cavities; but when the inhalant action is in vigorous operation,and the oscula are all pouring their streamsinto the
cloaca,the force of the water thus accumulateddistendsthe mouth of the cloacato such
an extent as to cause the fringe of long spicula to assume the form of an open cylinder,
or in some casesit is expanded to such an extent as to become slightly funnel-shaped,and
in this condition the frecalstream may be seen issuing from it with considerableforce.
There are many other interesting points in the structure of this highly organizedand
interesting sponge which I will not advert to at length, but refer my reader to a fuller
sandmore complete history of its structurepublished by me in the ' Transactionsof the
iMicroscopicalSociety of London' for 1859, vol. vii. p. 79, plate 5.
Thus we find that inhalation is the primaryvital operationinduced by ciliary action,
and that exhalation is merely a mechanical effect arising from the primarycause. We
find also that these actions are separatedinto two distinct modes; the one exceedingly
active and vigorous,exerted only at intervals and for short periods, and the other gentle
and continuous. If we combine the considerationof these peculiaritiesof function with
those of the anatomical studies, we find that the incurrent streams are always received
in intermarginalcavities, and that these organs, however modified,are always present,
and in some cases can be distinctly anidstrikingly separatedfrom the great mass of the
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interstitial canals and cavities of the sponge. If we trace the course of the inhaled fluids,
we find that on their entrance through the pores they are first brought into contactwith
the parietes of the intermarginalcavities, and passed thence into the complicatedsystem
of digestive surfaceswhich line the incurrent and excurrent canals and cavities of the
sponge, and that the exhausted fluids charged with fecal matters are finally discharged
without the slightest return to or intermixture with the contents of the intermarginal
cavities. We may therefore, it appears to me, safely conclude that the respiratoryand
digestive functions are separated,and that the latter has its seat in the intermarginal
cavities, and the former in the interstitial canals and cavities.
The vital energy of the Spongiadaemust be very considerable, and the quantity of
oxygen consumedby their respirationgreat, if we may judge by the effects of their presence in the vivarium,where their introductionmakes sad havoc among the other inhabitants, few being able to withstand their deleterious presence, and without a large
supply of water and a frequent change of it they themselves quickly expire of exhaustion.
Nutrition.
In treating on the subjects of inhalationand exhalation, I have describedthe energetic
period of action in the sponge during the imbibition of the surroundingfluid as equivalent to the operation of feeding in the higher classes of animals. And in my "Further
Report on the Vitality of the Spongiade," published in the Reports of the British Association for 1857, p. 121, I have described the results of feeding a small specimen of
Spongillafluviatilis with finely comminutedindigo in water, and I have there stated that
"many of the molecules might be readily followed, as they meandered through the
interior of the sponge, and were seen flowing in every direction. During the maintenance of this action in full force, when I directed my observationto the osculum, it was
pouring forth a continuous stream of water, and along with it masses of flocculent
matter, and many of the larger molecules of the indigo that had entered by the pores;
but it is remarkablethat although the finer molecules of indigo were being imbibed by
the pores in very considerablenumbers,very few indeed of them were ejected from the
osculum; and if the imbibition of the molecules continue for half an hour or an hour,
and then cease, the sponge is seen to be very stronglytinted with the blue colour of the
indigo, and it remains so for 12 or 18 hours, after which period it resumes its pellucid
appearance,the whole of the imbibed molecules having undergone digestion in the
sarcode lining the interior of the sponge, and the effete matter having been ejected
through the osculum." If we kill the sponge immediately after being thus fed, and
examine the interstitial canals and cavities, we find their sarcodous surfaces thickly
dotted with molecules of indigo.
The foecalmatters dischargedby the oscula exhibit all the characteristicsof having
undergonea complete digestion; whatever may have been the condition of molecules of
organizedmatter when they entered the sponge, their appearanceafter their ejection is
always that of a state of thorough exhaustion and collapse.
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It is difficult to decide with any degree of certainty what is really the nature of the
nutrimentof the Spongiadse,but in the greaternumberof species it is probablymolecules
of both animal and vegetable bodies, either living or derivedfrom decomposition. This
appears to be the casewith the greater number of the Halichondroidsponges; but even
among them, as well as other genera, there are peculiarities of structurethat are strongly
suggestive of carnivoroushabits. Thus, in the first portion of this paper published in
the 'Philosophical Transactions'for 1858, p. 293, I have describedamong the interior
defensive spicula a remarkableform,which has been hitherto found in one sponge only,
the spinulo-recurvo-quaternate
spiculum, which "occurs in great profusion in the cavi
ties of the sponge; clusters of them, consisting frequently of as many as twelve or fifteen,

radiate from the angles of the reticulationsof the skeleton into the interstitial cavitiesof
the animal."

I have also described, while treating on the internal defensive spicula, the

recurvo-ternateforms, the heads of which are found projecting their radii, more or less,
into the interstitial cavities beneath the intermarginalones in GeodiaandPachiymatisma.
in situ in Plate XXX. fig. 10, and
The spinulo-recurvo-quaternate
spicula, reprepsented
the recurvo-ternateones, figured in sittmin Plate XXXII. fig. 2, e, e, e, are both admirably adapted to destroy the victims entangled among them.
I have for a long time entertained the idea that these elaborate and varied forms of
defensive spicula probablysubservedother purposesthan that of the protection of the
digestive surface against the incursions of minute annelids and other predaceous
creatures. They are admirably fitted to retain and make prey of any such intruders.
No small animal could become entangled in the sinuosities of the interstitial cavities of

sponges thus armed without extreme injury from the numerous points of these spicula,
and every contortion arising from its struggles to escape from its painful and
dangerous entanglement would contribute to its destruction, and it may then, by its
death and decomposition,eventually become as instrumental to the sustentation of the
sponge as if actually swallowed by the animal. I-ow far this mode of nutrimentation
may obtain in the physiology of these creaturesit is impossible,in the present imperfect
state of ourknowledge of their habits to say; but, fromthe complex,varied,and elaborate
structure of these organs, and from their evident adaptationto retain such intruders,as
well as to defend the internal surfacesfrom injury, it is not improbablethat their office
extends beyond that of the mere defensive function, and that they are, in fact, auxiliary
organs for securing nutriment for the use of the sponge. If this supposition, that the
elaborately formed and ingeniously disposed recurvo-quaternatespicula combine the
office of securing prey with that of defending the interstitial organs of the sponge, be
correct,it may afforda clue to the organic purposeof the recurvo-ternatespiculawith the
exceedingly long and attenuated shafts that so frequently accompanythe stout patentoternate ones in GeodiaBarretti. The apices of these spicula (Plate XXIII. fig. 45,
Phil. Trans.for 1858) rarelyattain the height of the plane of the true connecting spicula,
and their recurvedradii are most frequently projectedinto the large interstitial spaces
immediatelybeneath the plane of the proximal ends of the cells of the intermarginal
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cavities, and may thus form subsidiarydefences to those organs. Although emanating
fromthe fasciculiof the shaftsof the true connectingspicula,their form,slenderproportion
and position evidently indicate a different office from the spicula with which they are

associated, and no other purpose for them occurs to me so probable as the one I have
suggested above. Or we may carry the supposition further, and believe them to be not
only defensive but agressiveeorgans; also, like the recurvo-quaternatespicula, their
office may be to retain soft annelids that have intruded themselves through the oscula
into the digestive organs, to aid in the nutrimentation of the sponge; and this idea

appears the more admissible as these spicula are never observedin the intermarginal
cavities, where the decompositionof animal matters would be offensiveto their especial
function, but always in the spaces beneath them, which are the commencementsof the
digestive system.
The same course of reasoning will apply to their occurrence in such considerable

quantities amidst the defensive fasciculi of spicula projected from the surface of Tethea
and also of T. crania, the latter being representedin Plate XXIX. fig. 12 c,
simfillimnus
in which it will be seen that the recurvo-ternateheads of the spicula are always situated
beneath the level of the true defensive spicula. Thus situated they would form an
admirable trap for the entanglement of soft annelids that might attempt to crawl over
the surface of the sponge, and thus they would be destroyed and retained for the imbi-

bition of their particles liberated by their gradual decomposition. If this be not their
especial purpose in this situation, I must confess myself at a loss to imagine their proper
function, as the surface of the sponge is effectually protected by the porrecto-ternate and
large acute spicula that compose the defensive fasciculi projecting in such abundance

from all parts of thwe

also consider the structure and positions of the

ordinary forms of internal defensive spicula, the entirely spined attenuato-acuate ones, in
reference to the idea of their being offensive as well as defensive organs, we shall not
fail to see that, although less striking in their forms and modes of disposition than the
spicula already described, they are calculated to subserve the office of retaining prey
quite as effectually as the more singular ones. The abundance in which they occur, the
vast number of spines with which they are covered, the apices of which are frequently
long and recurved, combined with the mode in which their bases are attached to the
fibres of the skeleton, exhibiting a beautiful combination of strength and flexibility, are
strongly indicative of a purpose beyond that of mere repulsion.
In the two species of sponges in which are found the acuate entirely and verticillately
spined defensive spicula in situ, represented in Plate XXX. figs. 7 & 8, one of them
has the spicula collected in groups in a manner very similar to those of the spinulorecurvo-quaternate form, and if the latter be considered as organs for the retention of
prey, the physiological purpose of the grouping together of the former can scarcely
be considered in any other light.
In the isolated positions of these forms of spicula, viewed in reference to some ideas
regarding their physiological purposes, there are some circumstances of a very remark.
MDCCCLXII.
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able nature. These forms of spicula occur in several distinct genera of sponges, and
especially in those having a strong kerato-fibrous skeleton. Their usual locality is on
the fibre of the skeleton, in which their bases are firmly imbedded, and from which they
are projected at various angles into the canals and cavities of the sponge, and they are
very rarely seen on the membranes. In Hymeraphia stellifera (Plate XXX. fig. 3, a)
and clavata, BOWERBANK, MS., both exceedingly thin coating species, they occur in
great quantity, but only on the basal membrane; a portion of them being erect, the
remainder prostrate. But in another sponge, a remarkably curious parasitical species
of Hymeniacidon, which, having no fibrous skeleton of its own, covers and appropriates a
small fibrous Fucus, and converts its anastomosing vegetable stalks into an artificial
skeleton, closely coating each stalk of the plant with its membranous structure, so as to
cause them at first sight to be readily mistaken for keratose sponge fibre, the whole
of the membranous structure abounds with attenuato-cylindrical entirely spined defensive spicula; but they are all prostrate and intermingled with the skeleton spicula
of the sponge when not in contact with any part of the fibres of the vegetable, but
wherever they are in contact with the plant they instinctively, as it were, assume the
erect position, and the false skeleton is bristling with them to as great an extent as if it
were truly a keratose fibrous structure. This feature in the habit of the sponge is
very remarkable, and highly suggestive of a capability of adaptation to circumstances
that we should scarcely have expected to find. By the two instinctive habits, first, that
of converting the plant into an artificial skeleton, and then erecting its spinous spicula
on its fibres, it at once simulates the habits of a kerato-fibrous sponge, and becomes
capable of the carnivorous habits that I have attributed to those sponges that are so
strikingly adapted for preying on intruding annelids or other such small creatures.
In the species above described, Hyrmenacidon Cliftoni, BOWERBANK,
MS., Plate XXX.
an
is
established
erection
of
skeleton
the
the
on
the adopted
spicula
fig. 9,
habit, and it
may be said to be instinctive in the species, but I have observed the same fact in sponges
carnosa, BOWERBANK,
MS.,
not habitually parasitical. I have a specimen ofMicrociona
a British species, in my possession in which some small fibres of a tubular zoophyte
have been accidentally included during its growth, which the sponge has coated with its
own tissues, and from these adopted columns defensive spicula are projected in a similar
manner to those of the columnar skeleton of the sponge. In this case we have an
instinctive adaptation of an extraneous substance in a sponge in which the introduction
of foreign substances is the exception, and not, as in other tribes of sponges, the rule.
In Hyalonema mirabilis, GRAY,a sponge nearly related to the genus Alcyoncellum, we
find another extraordinary series of internal defensive spicula, the structure of which I
' Defensive Organs.' These
have described at length under the head of
elaborately and
wonderfully formed weapons are evidently destined for other purposes than that of
simple repulsion. The spiculated cruciform spicula, with their short stout basal radii
planted firmly on the lines of the skeleton, and projecting from their centre at right
angles to their own plane, the long spiculated ray furnishled with numerous strong sharp
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recurvedspines, it will be at once seen, are eminently fitted to retain annelids or other
such prey, and to cause every motion of the struggling victim to contribute to its own
lacerationand destruction,while the structureand mode of attachment of the cruciform
base is admirablycalculated to resist the force and motions it has to sustain in such encounters. But these spicula, although exceedingly numerous,are not the only organs
capable of retaining intruders into the body of the sponge with which it is furnished:
there are, in addition,numerouslarge multihamatebirotulatespicula dispersedin various
positions on the sides of the interstitial cavities of the sponge, each of the rotulaeconsisting of sevenor eight stout recurvedflattenedradii,which if immersedin any struggling
animal would be capable of sustaining a vastly greater amount of force than many of
the spiculated quadriradiateones combined could endurewithout injury; and that their
especial office is that of auxiliary retentive organsis well demonstratedby the fact that
the trenchant edges of the flattened radii are all at right angles to the line of force
requiredto tear away their hold of any body in which they may have been inserted. Thus
they appear destined by nature to secure the prey, while its own struggles among the
lacerating organs contribute to its destruction(Plate XXXI. figs. 3, 4, 5, 6 & 7).
In the modificationof the structureof the contortbihamatespicula, and their peculiar
adaptation to the retention and destructionof intruderswithin the sponge, which I have
describedwhen treating on the internal defensive spicula, and which is represented in
Plate XXXI. figs. 1 & 2, we have preciselythe same physiological principle carriedout,
but by means widely differentfrom those I have previously described.
If we consider the whole of these extraordinaryorgans to which I have referred in
relation to each other, we cannot fail to see that, however varied their forms may be,
there is every appearanceof perfect harmonyof design in the purposesthey are destined
to effect in the economy of the Spongiade.
The Cilia and Ciliary Action.
Our knowledge of the cilia of the Spongiadaeis, comparativelyspeaking, very small.
Dr. GRANTis, I believe, the first author who has seen and describedthese organsin situ.
This learned and accurate observer, in his paper " Observationson the Structure and
Functions of the Sponge," has describedthe origin and gradual developmentof the ova
or gemmules of Spongiapanicea (Halichondriaincrustans,JOHNSTON). After the liberation of these bodies from the sponge, he writes, "The most remarkableappearanceexhibited by these ova is their continuing to swim about, by their own spontaneousmotions,
for two or three days after their detachment from the parent, when they are placed
separatelyin vessels of sea-water,at perfect rest. During their progressivemotions they
always carrytheir roundedbroad extremity forward,aifd when we examine them under
a powerful microscope we perceive that these motions are producedby the rapid vibration of cilia, which completely cover over the anteriortwo-thirdsof their surface." And
he further states that they are "longest and exhibit the most distinct motions on the
anteriorpart," and that they "are very minute transparentfilaments, broadest at their
5 R2
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base, and tapering to invisible points at their free extremities; they have no perceptible
order of succession in their motions, nor are they synchronous, but strike the water by
constantly and rapidly extending and inflecting themselves." The author describes the
attachment and spreading out into a thin disk of the ovum or gemmule, and the cessation of action and gradual disappearance of the cilia; and he further observes, "although
all visible cilia have ceased to move, we still perceive a clear space round the ovum, and
a halo of accumulated sediment at a little distance from the margin." This observation
is important, as tending to.prove the existence of ciliary action, although the organs
themselves were too minute to be detected.
DUJARDIN, in his work on the Infusoria, in plate 3, fig. 19 &, represents what are
apparently the detached cilia and their basal cells, and which were probably from

Grantiacompressa.
If portions of a living sponge of this species be torn into small pieces, and placed in
cell
in sea-water under a power of about 400 linear, groups of the detached cilia and
a
their basal cells will be readily seen at the margins of the specimen; they are usually
thus clustered together, and have a tremulous and indistinct motion. If a small specimen of the sponge be slit open and placed in a cell with fresh sea-water, with the inner
surface of the sponge towards the eye so as to command a distinct view of the oscula,
the cilia will be seen in the area of that organ in rapid motion, and the extraneous molecules attached to them exhibit the extent and nature of their oscillations very distinctly
(Plate XXXIII. fig. 2). If the sponge be carefully torn asunder in a line at right
angles to its long axis, and the torn surface be placed in a cell with a little fresh seawater, we occasionally obtain a favourable longitudinal section of some of the large
cells of the sponge, and we then see the cilia in situ and in motion (Plate XXXIII.

fig. 1).
The whole length of the cell, from the inner edge of the diaphragm to its origin near
the outer surface of the sponge, is covered with tessellated nucleated cells, which have
each a long attenuated and very slender cilium at its outer end. They are oval in form,
and have a distinct nucleus. When in vigorous condition their motions are rapid and cannot readily be followed; but in some in which the action was languid, the upper portion
of the cilium was thrown gently backward towards the surface of the sponge, and then
lashed briskly forward towards the osculum, and this action was steadily and regularly
repeated. Their motions are not synchronous-each evidently acts independently of the
others (Plate XXXIII. fig. 3, a & b).
The numbers, situation, and peculiarities of their actions fully account for the continuous and powerful stream that issues from the great cloacal aperture of this and other
similarly constructed sponges. The natural rate of the motions of these organs must
not be estimated from the sections last described, but the estimate must be made from
the appearances manifested at the oscular orifices at the inner surface of the sponge.
A more detailed account of these investigations is published in the Transactions of the
Microscopical Society of London, vol. iii. p. 137. Figs. 1, 2, 3, & 4, plate 7, represent
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a longitudinal sectioll of the intermarginal cavities of Grantia compressa with the cilia
in situ. A view of the small portion of the inner surface of the sponge, exhibiting the
oscular orifices and the appearance of the cilia in motion within them, and detached
cilia and cells from the same sponge, are also represented by figs. 1, 2, 3 & 4, Plate

XXXIII.
In the course of my endeavours to detect the cilia in Halichondroid sponges, I have
frequently observed, in slices of the sponge taken from the surface, that the incurrent
action has continued for a considerable period, while in sections of the same sponge
taken from deep amid the tissues no such action of the currents could be detected. In
sections from the surface in which the inhaling process was in vigorous condition, when
the inside of the section was examined, that peculiar flickering appearance was often
visible in the cavities immediately beneath the dermal membrane which is so characteristic
of minute cilia in very rapid motion; and although many molecules were rushing inward
with considerable velocity, others might be seen which continually waved from side to
side but made no progress forward; in fact they presented precisely the appearance that
I have described as taking place in the oscula of the proximal ends of the great intermarginal cells of Grantia compressa; and I have no doubt, in my own mind, that those
of the Halichondroid sponges were also extraneous particles of matter adhering to the
apices of the minute cilia, rendering their motions apparent, while the cilia themselves
were perfectly invisible.
CARTER,in his paper on " Zoosperms in Spongilla," published in the 'Annals and
Mag. Nat. Hist.' vol. xiv. Second Series, p. 334, describes ciliated bodies from a oSongilla
from the water-tanks of Bombay, somewhat similar to those of Grantia compressa, but
the basal cell appears to be proportionally larger and the cilium shorter than in those
of G. compressa. The author, in describing the detached cells and cilia, says, "At first
the polymorphism of the cell and movements of the tail are so rapid, that, literally,
neither 'head nor tail' can be made out of the little mass. Presently, however, its
power of progression and motion begins to fail, and if separated from other fragments it
soon becomes stationary, and after a little polymorphism assumes its natural passive
form, which is that of a spherical cell. During this time the motions of the tail become
more and more languid, and at length cease altogether." The author continues, "If,
on the other hand, there be very large fragments in the immediate neighbourhood, or
an active sponge-cell under polymorphism sweeps over the field, it may attach itself to
one or the other of these, when its cell becomes undistinguishable from the common
mass, and the tail floating and undulating outwards is all that remains visible." This
observation is important, as it accounts in a great measure for our inability to find the
cilia in situ in the living and active condition of the Spongilla; and if the structure and
imbedment of the basal cell in the marine sponges be like those in that genus, the same
results would probably arise in the marine species, rendering it extremely difficult, if
not impossible, to detect these organs in situ and in action.
LIEBERKUHN,in his paper in MtLLER'S 'Archiv,' 1856, pp. 1-19, 319-414, gives an
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account of the cilia and their cells in situ. He describesthem as forming a single layer
of spherical cells, 3-- millim. in diameter, and which, though touching each other, are
not in such contact as to lose their rounded figure. LIEBERKUIN'S description of the

mode of disposition of these cells in Spongilla would serve equally well for those in
Grantia compressa. Professor HUXLEY, in a paper "On the Anatomy of the Genus
Tethya,"published in the 'Annals and Mag. Nat. Hist.' vol. vii. p. 370, describescells
and cilia from an Australian sponge, which he designates spermatozoa,and which he
describes as having "long, pointed, somewhat triangularheads, about 3-1th of an inch
in diameter,with truncatedbases, from which a very long filiform tail proceeds." These
bodies are figured in vol. vii. plate 14. fig. 9.
On a careful considerationof the descriptionsof the ciliated cells seen by the authors
I have quoted above, it strikes me forcibly that the so-calledzoospermsand spermatozoa
of CARTER and HUXLEY are identical in origin and purpose with the similar organs
described by LIEBERKUHNand those found in situ and in action in Grantia compressa,

and, in truth, that they are the homologues of the breathing and feeding organs of
the zoophytes and more highly organizedanimals.
Reproduction.
The ovariain sponges exhibit considerablevariety in shape and structure. The most
familiar form is that of Spongillafuviatilis, represented in Plate XXXIII. fig. 5, in its
natural condition.
These bodies have hitherto been usually designated as gemmules, but this term
appears to be inappropriate. Each of them contains numerous minute vesicular,
round or oval molecules, which are dischargedfrom the foramenin succession,and each
of these appearsto be capable of producing a sponge. The terms ovariumand ova are
therefore more in accordancewith the rules of modern nomenclature,and this alteration in their designation is the more necessary, as I shall hereafterbe enabled to show
that, at least in Tethea lyncurium, propagation by true external gemmation really
exists. I propose, therefore, for the future that all such large vesicular organs containing numerous molecules or ova capable of reproducing the species, and of being
successivelyejected from the sponge, should be designated ovariaand ova, and that the
term gemmule should be restricted to the isolated bodies which pullulate from the
internal or external surfaces of the parent, and by ultimate separationbecome each a
distinct individual.
The reproductivepowers of the Spongiadaehave been treated of to a considerable
extent by preceding authors, and the amount of our information on this subject is, I
believe, both extensive and accurate. I will not attempt a recapitulationof all that has
been written on their reproduction,but content myself with a slight sketch of our knowledge of the variousmodes of propagationthat have been well ascertainedand described.
From the researchesof the various authorswho have written on the structureand development of Spongillaand on the marineSpongiadae,it appearsthat there are three well-
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established modes of propagation: Ist, by ova; 2nd, by gemmation; and 3rd, by spon-

taneous division of the sarcode. The terms ova and gemmule have been used so indiscriminately by authors, that it seems to me advisable to endeavour to define and limit
their application in such a manner as to distinctly separate the one form of reproductive
body from the other.
On a careful review of the results of the labours of previous observersand of my own
researches,it appearsthat the following may be consideredas the varieties that exist in
the modes of the propagationof the Spongiadae:1st. By ova without an ovarium.
2nd. By ova generated within ovaria.
3rd. By gemmules secreted within the sponge.
4th. By gemmules produced externally.
5th. By spontaneousdivision of the sarcode.
On the first mode of propagation,by the means of ova generatedin the sponge without
the presenceof ovaria,verylittle seems to be known; and this mode appearsto be confined
to the true sponges, the genus Spongia. If we examine microscopicallythe fibres of the
sponges of commercein the condition in which they come into the hands of the dealers,
and before they have been soaked, cleaned,and preparedfor sale, we frequentlyfind the
fibres coveredwith innumerableminute irregularlyovoid vesicularbodies, nearly uniform
in size, dispersed evenly over the surface of the fibres, and imbedded in a thin stratum
of sarcode that coats the membranous sheath that surrounds them. These bodies
Dr. JOHNSTONbelieves to be "the matured gemmules or sporules," and I feel strongly

inclined to agree with him in the conclusion that they are the reproductivebodies of
that tribe of sponges, and no other reproductivebodies have, I believe, been discovered
in the true sponges; but in arriving at this conclusion we must not fail to remember
that our knowledge of these animals in the fleshy and solid condition in which they are
when alive is so limited, and so few observationshave been published regarding them in
that state, that we must not attach too great a value to these conclusions.
In size and form these ovoid vesicles are very similar to the ova liberated from the
well-characterizedovaria of other marine species of Spongiad&e,and, like them, they
present no appearanceof a nucleus. They are somewhat irregular in their form, and
vary to a slight extent in size; an average-sizedone measured ir 66-th of an inch in
diameter. Fig. 6, Plate XXXIII. representsa portion of a fibre from a Bahama sponge
under a power of 400 linear, and fig. 7 a part of the same fibre X 1250 linear.
Until very recently, our knowledge of the vesicular ovaria of,the Spongilladaehas
been confined to two European species; but CARTER,in his excellent account of the
Spongillas found in the water-tanks of Bombay, has describedseveral new and interesting varieties of these organs; and I have also become acquaintedwith eight new species
from the River Amazon, through the kindness of Mr. BATE,and of three undescribed
species from North America, through the kind and liberal assistanceof Dr. ASAGRAY,
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Professor LEIDEY, and Professor DAWSON,of McGill College, Montreal, Canada. The
greater portion of these organs resemble each other very closely in their natural condition, presenting generally the appearance of a more or less spherical coriaceous body;
but the structure of their walls, when developed by treating them carefully with hot
nitric acid, is so varied and strikingly characteristic of their organic and specific differences, as to render it necessary that I should enter somewhat minutely into their history.
Their structual peculiarities naturally divide them into two great groups.
1st, those in which the walls of the ovaria are strengthened and supported by
birotulate or unirotulate spicula radiating in lines from the centre to the circumference
of the ovarium; and 2nd, those having the walls of the ovaria supported by elongate
forms of spicula, disposed on or near its surface at right angles to lines radiating from
the centre to the circumference of the ovarium; and, fortunately, the types of these two
forms of spicular arrangement on the cortex of the ovarium are admirably illustrated in
the two European species of Spongilla, the first mode existing in Spongillafluviatilis, and
the second one in S. lacustris. After having described the ovaria of these two species
as types of their respective groups, I shall, in my future descriptions of these organs,
confine my observations rather to their anatomical structure than to their external
characters, excepting when the latter are of an unusual description. These bodies occur
in great profusion in the basal portions of S.fluviatilis; they are spherical and of an
their distal extremity of about - rd of an inch in diameter. In their natural condition
they exhibit very slight indications of the birotulate spicula imbedded in their coriaceouslooking envelope. In the dried state they become cup-shaped by the contraction of the
upper half inward during the process of desiccation, and in this condition the foramen
appears at the bottom of the cup. The edges of the cup being thick and round in consequence of the presence of the birotulate spicula beneath the fold of the membrane,
the surface becomes pitted with nunerous minute lacunae, which are produced by the
adhesion of the inner surface of the envelope to the distal extremities of the birotulate
spicula. Immersion in water for an hour restores them to their spherical form, but
does not obliterate the lacunaeproduced by desiccation; and I have several times observed
that, under these circumstances, the expansion of the ova within has forced one or more
of them through the foramen.
If we take several of the ovaria, either in the living condition or in the expanded
state I have described above, and place them in a test-tube with a little nitric acid, and
raise the temperature of the whole until the ovaria become of a bright yellow colour
and semitransparent, and then arrest the operation of the acid by immediately pouring
in a quantity of cold water, we shall have preserved their form and have retained the
spicula in their natural positions, and have rendered the whole so transparent, as to
exhibit their form and arrangement in the walls of the ovarium, either in water or
mounted in Canada balsam, in a very beautiful and satisfactory manner. They are
packed very closely together, their shafts being in lines radiating from the centre of the

AND PHYSIOLOGYOF THE SPONGIAD2E.

811

ovariumto the circumference; their distal rotulaesupportingthe outer surface of its wall,
while the proximal rotulae sustain the inner one. Fig. 8, Plate XXXIII. represents
a portion of one of these preparedovaria,and fig. 8 a one of the detachedspicula. Two
views of this form of spiculum are also representedin Plate XXVI figs. 27 & 28, Phil.
Trans. 1858, and a perfect ovariumpreparedby acid by fig. 9, Plate XXXIII.
CARTER,in his paper "On the Freshwater Sponges in the Island of Bombay," in
describingthe birotulate spicula of the ovaria of Spongilla Meyeniand plumosa, species
with ovaries of very similar structure to those of S. fluviatilis, states that the spaces
between the rotulae are "filled up with a white siliceous amorphous matter, which
keeps them in position." I am indebted to the kindness and liberality of the author
for specimens of these species, and I have frequently subjected their ovaries to the
action of hot nitric acid, but I have never succeededin finding any intervening siliceous
matter, nor have I ever found any such siliceous cementing material in any other similarly constructedovary of a Spongilla.
In the second group of ovariesof the Spongilladve,represented by those of S. lacustris, in which the walls of the ovariumare supportedby elongate forms of spicula disposed
at right angles to lines radiating from its centre, the ovaria, in their natural condition,
exhibit but very slight traces of the spicula imbedded in their walls. WVhendried, they
cup inward like those of S. lacustris; but the margin of the cup is thin and sharp compared with that formed in a similar manner by those of S.Juviatilis, and they expand
also in like manner when immersed in water. When treated with hot nitric acid they
display an abundanceof short, stout, entirely spined, subarcuateacerate spicula, one of
which is represented in Plate XXVI. fig. 13, Phil. Trans. 1858. These spicula are in
many instances exceedingly numerous; they are disposedwithout order, and overlie each
other at various angles, forming, in their imbedment in the envelope, a strong and very
efficientirregularnetwork of spicula. A portion of one of these preparedovariais represented in Plate XXXIII. fig. 10.
In the ovaries of the different species of Spongilla, to be arranged hereafter in accord-

ance with their structuralpeculiarities, there is a considerableamount of general resemblance, but accompaniedwith such permanentvariationsin the structure of the spicula,
and in other portions of the development of these organs, as to render a somewhat
detailed description of them necessary. Thus, in the development of the birotulate
spicula, the ovaries of Spon.qillaplumosa, CARTER, exceed any other known species.
The thick walls of these organs are filled with them in the state represented by fig. 21,
Plate XXVI. Phil. Trans. 1858, and the intervals between their shafts appear to be
filled with indurated sarcode or keratode. In Spongilla Meyeni, CARTER,the walls of
the ovariaare strikingly similar in their structureto those of S. fluviatilis, and the form
of the spicula the same, with the exception of the shafts being very much more spinous,
and the size of the spiculum twice that of S. ifuviatilis. Fig. 29, Plate XXVI. Phil.
Trans. 1858, represents a spiculum from an ovary of S. Meyeni. The smallest and
most simple development of birotulate spicula exists in Spongilla gregaria, BOWERBANK,
MDCCCLXII.
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MS., from the River Amazon, represented by figs. 23, 24, 25 & 26, Plate XXVI. Phil.
Trans. 1858.
A gradual transition from the birotulate form to that of the unirotulate one takes
place in the ovaries of S. paulula (fig. 31) and S. reticulata (fig. 33), until we obtain the

perfect and beautiful unirotulate form in the ovaries of S. recurvata, represented by
figs. 34 & 35 in the Plate quoted above. In all these species there is a general accordance in the mode of their structure.
The gradual transition from the birotulate to the unirotulate form of spiculum in the
ovaries of Spongilla reticulata is not the only characteristic difference that exists between

it and its congener. The form and structure of the ovariumalso exhibit marked peculiarities of character, and it is also furnished with a beautiful reticulated spicular envelope or case. In its natural condition the ovary fills the reticulated case, and the
coriaceous external surface is pressed into the areas of the network.
It is usually oviform, but it varies to some extent in its shape. When treated carefully with hot nitric acid, the outer coriaceous substance of the ovarium is dissolved,
leaving the inner membrane and the boletiform spicula in situt; their larger terminations being applied to the distal surface of the membrane, while their smaller clavate

or stellate ends are projected outward,reaching, in the natural condition, to very near
the external surface of the ovarium. The foramen is situated at the small or distal
end of the ovary, and differs from that of any other form of the organ with which I
am acquainted, inasmuch as it exhibits a tubular elongation outward of the lining
membrane equal in length to about its own diameter, causing the ovarium, when
prepared with nitric acid, to appear like an oil-flask with a very short neck. Fig. 13,

Plate XXXIII. representsone of the ovaria preparedwith acid, and fig. 12 one of the
cases in which they are contained.
In Spongilla Brownii, BOWERBANK,MS., there is a still further deviation in the
structure of the spicula of the ovary. The shaft entirely disappears, and the spiculum
is reduced to the umbonato-scutulate form. They are situated on the outer surface of
the inner membrane of the ovarium, with the umbones of the scutellhe outwards. This
mode of disposition obviously renders them inefficient for external defence, and the
ovaries have therefore been further defended by being enclosed within an elaborately
constructed case of reticulated acerate spicula. The gemmule is closely embraced by
this envelope, and small elongate masses of its outer surface are projected through some

of its interstices, causing it to be more or less tuberculous; and, from the smallnessof
the interstices, the tubercles of the envelope of the ovary are much greater in length

than in thickness. The spicula of the case are disposed in a close and irregular network, seldom exceeding two spicula in thickness.

By a careful treatment with hot

nitric acid, the thick coriaceousouter portion of the ovarium may be removed, and its
thin lining membrane, with its stratum of umbonato-scutulate spicula, becomes an exceedingly beautiful object. The same mode of operation displays the structure of the reticulated case of the ovary very much more distinctly than when viewed in its natural
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condition. Fig. 11, Plate XXXIII. represents two of the cases after treatment with
acid, one of them (b) having the ovary very much reduced in size by the dissolution of
the thick coriaceousportion of its structure.
In the second group of the ovaries of the Spongilladeethere is also a strong general
resemblancein structure to the type-form of S. lacustris, but each species is distinctly
characterizedby peculiarities of form and arrangementof the spicula.
The normal form is spherical, and the walls of the ovaries, in six out of the seven

species with which I am acquainted, are comparativelythin. In the seventh species,
S. Carteri,BOWERBANK(S. friabilis, CARTER), they are very thick and abundantly furnished with cellular structure, arrangedin lines radiating from the centre to the circumference; each line consists of nine or ten cells, the length of each being about equal to
the diameter. They are very closely packed together, and are irregularlyangular by
compression. Their combined length variesfrom about one-fifth to one-sixth the length
of the diameter of the ovarium. This is the only species in which I have detected this
description of cellular structure. Fig. 16, Plate XXVIII. represents a portion of the
surface and a view of the cells in sitt.
Although the spiculated coriaceous form of ovarium prevails so constantly among the

freshwater sponges, it is one of extremely rare occurrence among the marine species;
and I have met with only one instance of its occurrence,and that is in a new genus of
sponges from Shetland, for which I am indebted to my indefatigable friend Mr. BARLEE.

The specimen incrusts a portion of the valve of a Pecten, covering a space about half
an inch in length and the eighth of an inch in breadth, and it does not exceed half a
line in thickness. The ovaries are numerous and closely packed together, and are
distinctly visible to the unassistedeye, looking like very minute cocoons of some terrestrial insect. There were nearly thirty in an area equal to about a quarterof an inch.
They are attached by the sides to one or more branches of the fibrous portion of the
skeleton.
The wall of the ovaryis very thin, and:appears to consist of a single membraneprofusely furnished with acerate spicula, like those of the skeleton. They cross each other
in every possible direction, and occasionallyappear to assume a somewhat fasciculated
arrangement. The ovaries are not uniform in shape, some being regularly oval, while
others are more or less ovoid. I could not detect any trace of a foramenin those I subjected to examination. I have designated this interesting species -Diplodemiavesicula
in my MS. description of it. Fig. 1, Plate XXXIV. represents two of the ovaries in
their natural condition after immersionin Canadabalsam, magnified 83 linear.
In the genera Geodia and Pachymatisma ovaria are produced in great abundance.
They agree in form very closely with those of Spongilla, but their structureis widely
different, and the soft animal matter that enters so largely into the structure of those
of the freshwatersponges scarcely makes its appearancein the ovaries of Geodia,their
walls being composed of closely packed spicula, firmly cemented together by silex.
Their situation in the animal is also differentfrom those of Spongilla, in which they are
5s2
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dispersed amid the interstitial tissues, but principally towardsthe base of the sponge,
while in Geodiaand Pachymatismza
they are congregatedin large quantities immediately
beneath the dermal membrane; and when they have shed their ova they permanently
retain their situation, forming a thick crustulardermis for the protection of the softer
portions beneath: a few only are found dispersed in the interstitial membranesof the
sponge. The progressive developmentof this kind of ovariumis very nearly the same
in every species of Geodia or Pacizymatisma in which I have had an opportunity of

examining them. In an early stage they appear as a globular body of fusiformi-acerate
spicula, radiating regularly from a central point in the mass. As the individual spicula
increase in diameter there is a corresponding distention of the ovarium, and as the spicula
do not lengthen in proportion to their increase of diameter a central cavity is produced,

in which the incipient ova very shortly appear. The spicula of the wall of the ovary
continue to increase considerablyin diameter, but very little in length, and their distal
terminations become gradually less acute as they approachthe period of the full development of the ovary. When this organ has attained its greatest diameter,their distal
extremitiescease to lengthen, and a gradual change in the form of the spicula is effected,
their apices extending in diameter and assuming a truncated form, and the whole of
them becoming firmly cemented together, so as to form a commonflat smooth surface
to the siliceous skeleton of the ovarium,each spiculum having now changed from the
acerate to the acuate form, their proximal acute terminations forming the common
inner surface of the cavity of the ovarium, which is now filled with an opake mass of

ova. A single conicalorifice or foramenhas also been producedin a portion of the wall,
throughwhich the ova are destined to be ejected. The proximal end of this foramenis
very much the smaller of the two, so that, as soon as an ovum has fairly entered this
conical tube, there is no longer any impedimentto its ejection; and the mannerin which
this is effected is very interesting, and appearsto be as follows. When the ova have
attainedmaturity,the proximalterminationsof the spiculawhich have not been cemented
together like their distal ones, are progressivelyand simultaneouslylengthened, thereby
encroaching on and graduallylessening the diameter of the cavity within, so that the
ova are compressedand forcedthrough the foramen; and this processappearsto be continued until the whole of them have been ejected, and the cavity becomes completely
filled by the continued encroachmentof the proximal ends of the spicula of the walls
of the ovarium.
In fig. 6, Plate XXXIV., two ovariesfrom GeodiaM"cAndrewii
containingova are represented: (a) containsabout the greatest quantity of ova that is found within these organs.
In this one the distal terminationsof the spicula of the skeleton are still somewhat
rounded, and slightly elevated above the common surface; while in (b), which has been
partially exhausted of the ova, the spicula have their distal terminations flat and somewhat angular, and they are level with the general surface, thus indicating a greater age
and a fuller development than obtain in the one represented by (a), and not a less
amount of secretion of ova, as might possibly be imagined. These circumstancesare

AND PHYSIOLOGY
OF THE SPONGIADIE.

815:

strongly indicative of the fact that the ovaria,both in an active and an effete state, are
permanentlyseated in the sponge, and that the ova only are dischargedfrom it. So in
like manner the existence of the ovariumin Spongilla reticulata and Brownii, confined
within a strong spicula case firmly incorporatedwith the skeleton, is strongpresumptive
evidence of their also being permanent organs, and not of the nature of gemmules
which separatefrom the body of the sponge when they arrive at maturityand are ejected
through the great fecal orifice.
Many other species of Geodia with which I am acquainted afford these ovaria in
great abundance,and with somevariationsin size and form from those in G.XMAndrewii,
but in no other sponge are they so large and so completely developed.
Fig. 2, Plate XXXIV. represents an adult ovarium from Geodia MlAndrewii with
the conical foramen on its summit, and the distal ends of the skeleton spicula flat
and angular. Fig. 3 represents a small portion of the surface of the same specimen
as seen with a linear power of 308, exhibiting the flatness and angularity of their distal
apices. Fig. 4 represents a portion of a young ovarium having the distal ends of the
skeleton spicula disunited and acutely conical. Fig. 5 representsa portion of a section
of an ovarium of G. MicAndrewii,exhibiting the radial arrangement of its component
spicula.
In PacihymatismaJoJmstonia,BOWERBANK,a British species common on the rocks in
the neighbourhoodof Torquay, and which I describedin a paper read before the Microscopical Society of London in 1841, these organsassumean oval form; they are also considerablydepressed. In a young specimen of this species of spongein my possession,the
progressivedevelopmentof the ovariais very strikinglyillustrated. Fig. 7, Plate XXXIV.
represents an adult ovarium. Fig. 8, one in a semideveloped state, and fig. 9, one of
the same organs in a very early stage of development. In another species of sponge
from the South Seas we find a singular variety of this class of ovarium. It is oval in
form, the length being to the breadth as five to three, but it is so much depressedas to
appear ratller like a dermal spicula plate than an ovarium; but the radiate arrangement of its component spicula is perfectly visible with a power of 666 linear, and their
distal terminationsas separate and distinct as those of Geodia or Pachinzatis2na. The
situation of the foramenis also well defined in many of them. Fig. 10, Plate XXXIV.
representsa matureovarium; fig. 11, a fragmentof one to exhibit its degree of thickness;
and fig. 12 represents one of the same species of ovariumin an early stage of development. I have seen four species of sponge which have this descriptionof ovarium; in one
it is very considerably longer in its proportions than that represented by fig. 10, Plate
XXXIV., and in another species it is somewhat shorter.
Since the preceding portion of the account of the ovariawas written I have received
a very remarkablespecimen of these organs, which differs materially in its structure
from any of the forms that I have previously described. The sponge consists of a
small portion of basal membrane,closely resembling that of a Halichondraceousspecies.
It was found by my friend Mr. J. YATE J'OIINSTON
coating rocks and stones at Madeila.
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The remains of severalexhausted ovaria are dispersedover the surface of the membrane,
a few only retaining their original form and proportions. They do not appear to have
had a spicular skeleton, but to have consisted of a coriaceous envelope strengthened
and supported by a reticulated skeleton of apparently keratose structure. They are
nearly globular, and are firmly cemented to the membraneby a broad basal attachment.
Although themselves apparently in an effete state, the membrane on which they are
seated was in a decidedly living and active condition. It is thickly coated with sarcode,
and abundantly furnished with equi-anchoratespicula. Numerous slender acuate or
subspinulate spicula are also dispersedover its surface, which are occasionallyfasciculated after the manner of the first indications of the formation of a Halichondraceous
skeleton. But the most interesting feature of the membraneis, that at intervals over
the whole of its surface, and especially at those parts most free from the dispersed
spicula, there are small detached groups of spicula, each consisting of two or three
irregular fasciculi crossing each other at various angles, resembling in every respect
the early stages of development of the gemmules or ova so graphically describedby
Dr. GRANTin his account of the gemmules of the sponge he has designatedHalichondria
panicea. The presenceof these early developmentsof the ova is precisely in accordance
with the discharged and effete condition of the ovaries, and is just such an effect as
might naturally be expected under such circumstances. Fig. 13, Plate XXXIV. represents one of these ovaria seen by a microscopic power of 108 linear; fig. 14, a small
piece of the reticulatedwall of the ovariumwith a power of 308 linear; and fig.15 represents the developmentof one of the ova and the surroundingequi-anchoratespiculawith
a power of 108 linear.
Gemmules.
If we adopt as a definition that a gemmule is a body not containing ova, but that it
is a vital mass separatedfrom the parent and capable of being ultimately developed into
a single individual possessing the same specific charactersand capabilities as the parent
mass, we must consider the reproductive bodies so ably and minutely described by
in his paper ' Observationson the Structure and Functions of the Sponge*,"
Dr. GRANT
not under the designation of ova, but rather under that of gemmules; and indeed the
learned author seems to have entertainedsome doubt of their being correctlydesignated
by the former term, as in speaking of them in a subsequent portion of his paper in
page 14, he says, " since these germs or so-named ova are, &c.;" I have therefore been
induced to arrange them under the designation of Gemmules.
Dr. GRANTdescribes their first appearancein the sponge in the months of October
and November " as opaque yellow spots visible to the naked eye, and without any definite form, size, or distribution, excepting that they are most abundant in the deeper
parts of the sponge and are seldom observable at the surface;" he also states that
they hve no cell or capsule, and appear to enlarge by the mere juxtaposition of the
*

Edinburgh New PhilosophicalJournal,vol. i. p. 16, plate 2, figs. 24-29.
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monad-likebodies around them. As they enlarge in size they become oval-shaped,and
at length in their mature state they acquire a regular ovate form." When they have
attained a fully-developed condition, they separate from their attachment to the parent
and pass out of the fecal orifices. At this period of their existence the learned author
states that they are endowed with spontaneousmotion, in consequence of their larger
extremity being furnished abundantly with cilia, which the allthor describes as "very
minute transparentfilaments, broadestat their base, and tapering to invisible points at
their free extremities." After floating freely about for a period, they attach themselves
to some fixed body, adhering firmly to it, and spreading themselves out into " a thin
transparentconvex circularfilm." The authorfurther states that I"when two ova in the
course of their spreading on the surfaceof a watch-glass come into contact with each
other, their clear homogeneousmarginsunite without the least interruption,they thicken,
and produce spicula: in a few days we can detect no line of distinction between them,
and they continue to grow as one ovum."
I have never had the good fortune to see the living gemmule with its cilia in action,
as described by Dr. GRANT, but I have frequently found Halichondraceous sponges
with an abundanceof these gemmules attached to their tissues; and I have in my possession a beautiful little specimen, dredged off Shetland, for which I am indebted to my
kind friend Mr. BARLEE,which is veryillustrative of Dr. GRANT'Sdescription of the mode
of the development of the young sponge after the ovum or gemmule has attached itself.
On a fragment of a bivalve shell there are more than twenty or thirty of Dr. GRANT'S
ova or gemmules, which are all in the same early stage of development, each forming a
small group of extremelyslenderspicula. The groups are separatefrom each other, but
very closely adjoining. The diameter of one of the largest does not exceed - Ioth of an
inch, and their distancefrom each other is abouthalf or once the diameterof one of them.
In their present state, as represented by six of them in Plate XXXIV. fig. 16, it is
evident that they are separate developments, and it is equally evident that a slightly
further amount of extension would have caused them to merge in one comparatively
large flat surface of sponge. We see by this instance that a sponge is not always
developed from a single ovum or gemmule, but, on the contrary, that many ova or
gemmules are often' concernedin the production of one large individual, and this fact
may probablyaccount for the comparativelyvery few small sponges that are to be found;
a few days probablyservingby this mode of simultaneousdevelopmentto form the basal
membrane of the sponge of considerable magnitude, as comparedwith the individual
ovum or gemmule, or with a sponge developed from a single ovum only. This mode
of reproduction appearsto have a very wide range. It is common to several distinct
genera of Halichondraceous sponges; and I have observed it also in a siliceo-fibrous
sponge, Iphiteon panicec of the Museum of the Jardin des Plantes, Paris. Fig. 17,
Plate XXXIV. represents a small piece from the interior of the skeleton of Iphiteon
pantcea. Although the latter sponge is so widely differentin structurefrom the Halichondraceoustribes of sponges, its mode of propagation by gemmation seems to be in
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perfect accordancewith them. In Tethea cranium the same mode of reproductionby
gemmules obtains, but the form of the organ is different, and there are other peculiarities in its growth and developmentthat are extremely interesting.
The form of the gemmules is regularly lenticular; and there are two distinct sorts of
them, which are always grouped together. The first is rather the smaller of the two,
and has a nucleus of slender curved fusiformi-aceratespicula only. The bases of the
spicula cross each other at the centre of the gemmule, anldthe apices radiate in all
directions towards the external surface, but do not, in the fully developed state of the

genmmule,project beyond it. The second sort of gemmule is furnished with three
distinct forms of spiculum. The first are like those of the gemmule described above,
slender fusiformi-acerate; the second are attenuato-porrecto-ternate,the radii being
given off from the apex at about an angle of 45 degrees; and the third form is
attenuato-bihamate or unihamate, and the hooked apices of this form are projected
further than either of the other two forms, but do not pass beyond the inner surface of
the tough dermal envelope of the gemmule when in the adult state. I have examined
a great number of these gemmules, and could never find in the form first describedany
indication of either ternate or hamate spicula, and I am therefore satisfiedthat they are
separate descriptionsof gemmule, and that the first form is not a transition state from
the young and undeveloped to the fully developed one. In like manner I have closely
observed the second form, and have always found it uniform in character, and furnished

with the whole three forms of spicula that characterizeit. It is highly probable that
this marked differencein structureis sexual, and, from the more highly developed condition of the second or large form,that it is the female or prolific gemmule; but on this
point we must at present be satisfiedwith conjecture only, as although I have searched
diligently for spermatozoain both forms of gemmule and in the surroundingsarcode,I
have not been able to detect anything resembling them. But that such bodies do
occur in some species of Tethea appears to be the case, Professor HUXLEYhaving
describedand figured bodies which he believed to be spermatozoain a paper published
in the ' Annals and Mag. Nat. Hist.' Second Series, vol. vii. p. 370, plate 14, as occurring
in a species of Tethea found in one of the small bays in Sydney Harbour,Australia.
The group of gemmules representedby fig. 1, Plate XXXV., consists of (a) one of the
larger and supposedprolificgemmules, and three (b, b, b) of the presumedmale gemmules
in situ, X108. Wherever the former occurs the latter appear always to accompany
them in the proportion of about two or three to one. They are not seated like the
ovaria of Geodia at the surface of the sponge, but are always found on the interstitial
membranesat a considerabledepth within the sponge. The immersionof the specimen
in Canadabalsam has rendered the marginal lines of the gemmules undistinguishable
from the surrounding sarcode, but their natural boundarieswould be just beyond the
extreme points of the spicula.
Fig. 2, Plate XXXV. represents one of the larger gemmules in its natural condition
and separatedfrom the sponge, by direct light and a linear power of 50. Figs. 39, 40,
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and 43, Plate XXVI. Phil. Trans. 1858, represent the spicula of the larger description
of gemmule of Tetliea cranium, after separation by nitric acid.
The reproductive bodies in the Tethea described by Professor HUXLEY do not resemble
those in T. cranium ; no spicula are either described or figured as existing in them, and
in this respect they appear much more to resemble the reproductive organs described
by Dr. GRANTas existing in the Halichondraceous sponges of the Firth of Forth. But I
am not surprised at this discrepancy, as in Tethea simillima, BOWERBANK,
MS., in the collection of the Royal College of Surgeons, from the Antarctic regions of the South Sea, a
species very closely resembling T. cranium, the gemmules are so like those of the latter
species as not to be readily distinguished from them in their natural condition; but when
microscopically examined, not the slightest trace could be found of the smaller, and
what I conceived to be the male gemmule in T. cranium. I have several other species
of Tetliea in my possession, but I have not yet found gemmules in the interior of any
of them.

External Gemmulation.
In Tet.heaLyncurium we have gemmules produced externally, which are perhaps much
more entitled to that designation than any of the reproductive organs previously
described. Tile fasciculi near the base of the Tethea are protruded considerably beyond
the surface of the animal, and at the termination of each there appears a small mass of
sarcode, which assumes a more or less globular form. If their bodies be immersed in
Canada balsam and examined microscopically, they will be found to contain not only the
spicula projected from the parent, but a second series, which have been secreted in the
mass, and which have assumed the mode of disposition so characteristic of the skeleton of
the parent Tethea. I am indebted to my friend Mr. T. H. STEWARTfor this interesting
fact, and for the specimens illustrating it. They were found in Plymouth Sound.
Fig. 19, Plate XXXIV. represents one of these gemmules with a portion of the
skeleton fasciculus on which it is produced, under a linear power of 50.

Propagationby SarcodousDivision.
The fact of the resolution of the sarcode of the interstitial tissues of Spongilla into
small masses of unequal size and variable form has long been known to naturalists, and
that when separated from the parent body each becomes capable of locomotion, and of
ultimately becoming developed into a perfect sponge. CARTER,in his valuable paper
published in the Journal of the Bombay branch of the Royal Asiatic Society, No. 12,
1849, has given a minute account of their structure and motions when separated from
the species which form the subjects of his paper, and his descriptions are in perfect
accordance with the similar bodies separated from our European species S. fluviatilis,
which I have had frequent opportunities of observing, and of confirming the history
given by him of their locomotive powers and continual inherent motions. The author
designates these bodies " sponge-cells," and treats of them as if they had a well-defined
cell-wall, while their eccentric changes of form are perfectly inconsistent with such a
MDCCCLXII.
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structure. LIEBERKUHN,in treating of these bodies under the name of motile spores,
states that he has never succeeded in discerning a " cell-membrane" around these particles, and my own observations are in perfect accordance with his experiences. The truth
appears simply to be, that any minute mass of sarcode, whether separated voluntarily or
involuntarily, has inherent life and locomotive power, and is capable of ultimately developing into a perfect sponge; and in the course of this process the dermal membrane is
produced at a very early period, and this, surrounding an agglomeration of minute
masses of sarcode, may have been mistaken by CARTERfor a cell-membrane. The same
author, in his observations " On the Species, Structure, and Animality of the Freshwater
Sponges in the Tanks of Bombay," states, " that when the transparent spherical capsules
wlhich contain the granules within the seed-like bodies are liberated by breaking open
the latter under water in a watch-glass, their first act is to burst; this takes place after
the first thirty-six hours; and their granules, which will presently be seen to be the true
ova of a proteaniform infusorium, varying in diameter from about the 4-3-l0thpart of an
inch to a mere point, gradually and uniformly become spread over the surface of the
watch-glass. On the second or third day (for this varies) each granule will be observed
to be provided with an extensible pseudo-pediform base; and the day after most of the
largest may be seen slowly progressing by its aid, or gliding over the surface of the
watch-glass in a globular form by means of some other locomotive organs."
sarcode separated from the sarcodous lining of the interstitial canals of Spongilla: but
it must be observed that, in the development of the egg, the first act is to liberate itself
from the membranous envelope; and the contents thus hatched become moving masses
of free sarcode, but without the locomotive cilia that are found on the so-called ova or
gemmules of the marine sponges, so minutely and accurately described by Dr. GRANT
in his papers " On the Structure and Functions of the Sponge" in the ' Edinburgh New
Philosophical Journal,' vol. ii. p. 129. This author describes the ovum or gemmule of
after having floated freely about for a
Halichondria panicea (Hal. incrustans, JOHNSTON),
of
the
means
cilia
around
its
period by
larger extremity, as attaching itself to a fixed
body by its smaller end and then gradually settling down in the form of a broad flat
mass, and, after losing its cilia, being gradually developed in the form of the parent
sponge. Thus every description by these close and accurate observers tends to the conclusion that the multiplication of the sponge is effected by the origination in the ovum,
or by the agglomeration in the form of gemmules, of particles of sarcode. The action of
the minute masses of sarcode liberated by the bursting of the envelope of the ovum, and
their subsequent development, are precisely those of the so-called sponge-cell liberated
from the mass of the sarcode lining the interstices of the sponge, and of the gemmules
described by GRANT,when sessile: each moves independently at first; each unites with
its congeners into one body; and the results, both in means and end, are precisely the
same: but their origin is different. The one is a gemmation of sarcode within a proper
membrane in the form of an egg, while the others are the production of a gemmulq
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by independent growth, or by spontaneousdivision of the sarcodoussubstance of the
sponge.
Both these modes of propagation occur in the same species, Sponqilla fvmiatilis, but

I have never yet seen them both well developed in the same individual. Where the
ovaria were abundant, the sarcode appeared even and consistent in its structure; and, on

the contrary,if it exhibited manifest symptomsof granulating, very few or none of the
ovariacould be detected. This double means of propagationis by no means uncommon
among the Zoophytes.
I have never seen the spontaneous granulation of the sarcode in any living marine
species of sponge; but as the vital powers and general physiological charactersof that
substance appear to be the same in all the Spongiadae,however varied in form and
structure, it is highly probable that perpetuation by spontaneousor accidental separation of minute masses of sarcode is by no means confined to Spongilla, and that, from
the concurrent testimony of all who have investigated the subject, every molecule of
sarcode,however minute, has inherent vitality, and the power of uniting with its own
congenerswhenever they may chance to come in contact.
Growthand Developmentof Sponges.
The growth of the sponge does not appear to be continuous, but periodical,as we
may observein the branching species, and especially in H. palmata. If the sponge be
held up between the eye and a lighted candle, as many as five or six of the former
pointed terminations of the sponge in succession, from near the base to the apex, may
be seen; and the former lateral boundaries are also equally distinct, the oscula being
most frequently, but not always, continued through the new coating of the lateral development of the spongeous structure. New branches are also frequently thrown out
during the last period of developmentat various parts of the stem where no indication
of branchesexisted previously. In all these newly-developedparts, it may be observed
that the primarylines of the structureof the skeleton, or those radiating at nearly right
angles to the axis of the sponge, are those which are first developed; and at the extreme
points of the branches they are frequently seen projecting for, comparatively,a considerable distance in the form of single unsupported threads or filaments; but as we
trace these lines inward, we find the secondary or connecting fibres increasing in num-

ber, and the network becoming closer and more fully developed. The same mode of
development may be traced in Halichondria oculata,

JOHNSTON,

but not to such an

extent as in H. palmata, JOHNSTON. In the sessile massive species of Halichondroid
sponges the same mode of developmentseems to obtain, as I have frequently traced the
differentstages of growth in sections at right angles to the surface of the sponge.
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EXPLANATION OF THE PLATES.

PLATE

XXVII.

Fig. 1. Fibro-membranous tissue in which the layers of fibre cross each other at various
acute angles, from Polymastia robtsta, BOWERBANJK,
MS., X 308 linear: page
751.
Fig. 2. Fibro-membranous tissue in which the layers of fibre cross each other at about
MS., X 666 linear: page
right angles, from Polymastia robusta, BOWERBANK,
751.
Fig. 3. Fibro-membranous tissue from the dermal membrane of a species of Stematumenia. The fibres are disposed without order, X 183 linear: page 751.
4.
Fibro-membranous
tissue containing a single layer of parallel fibres on a portion
Fig.
of the membrane from an excurrent canal of one of the common honeycomb
sponges of commerce, X 666 linear: page 751.
5.
A
portionaof the dermal membrane of a young Stematumenia, with cells which
Fig.
produce,the primitive fibres dispersed on its inner surface:--a, a, cells in situ,
which have each produced a fibre, X 666 linear: page 752.
Fig. 6. Three fibres in progressive states of development:-a, exhibiting no indications
of an ultimate separation from the basal cell; b, showing the mature termination of the fibre previous to separation; c, exhibiting the collapsed remains
of the exhausted basal cell, X 666 linear: page 752.
Fig. 7. Solid keratose fibre from a cup-shaped specimen of the best Turkey sponge
of commerce in the condition in which it came from the sea, x 175 linear:
page 754.
Fig. 8. Fibres of the skeleton of Halichondria oculata, JOHNSTON, illustrating spiculated
keratose fibre, X 175 linear: page 755.
Fig. 9. A young fibre of Halichondria Montagui, JOHNSTON: a, the apical spiculum,
X175: page 755.
Fig. 10. A fibre from the skeleton of lalichondria ctgagropila, JOHNSTON,
illustrating
the structure of multispiculated keratose fibre, X 108: page 755.
Fig. 11. A longitudinal section of a small fibre of the skeleton of RSaphyrusGriffithsii,
BOWERBANK,
MS., showing the irregular disposition of the spicula within it,
X 90 linear: a, one of the spicula, X 175 linear: page 755.
12.
Simple keratose fistulose fibre from Spongiafistularis, LAMARCK, 108 linear:
Fig.
page 756.
Fig. 13. Compound fistulose keratose fibre from the skeleton of an Auliskia, X 100
linear: a, a, the minute tubular fibres traversing the central cavity of the
skeleton-fibre: page 756.
Fig. 14. A portion of one of the skeleton-fibres of Aliskia, exhibiting the secondary
canals radiating from the primary ones, X 300 linear: page 756.
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PLATE XXVIII.
Fig. 1. Regular arenated keratose fibre from the skeleton of a coarse rigid Australian

sponge, x 90 linear: page 757.
Fig. 2. Regular arenated keratose fibre from a flexible sponge, one of the common

Bahama sponges of commerce, X 175 linear: page 757.
Figs. 3, 4, and 5. Portions of skeleton-fibre from a specimen of Dysidea fragilis,
JOHNSTON,
illustrating the varieties of form of irregular arenated keratose

fibre, x 108 linear: page 757.
Fig. 5. Showing the mode by which the apex of the fibre attaches itself to a single
grain of sand, X 108 linear: page 757.
6.
Smooth
solid siliceousfibre,with young fibrespullulatingfromthe adult ones at a.
Fig.
From the skeleton of MlAndrewsiaazoica, GRAY,x 175 linear: page 758.
Fig. 7. Tuberculated solid siliceous fibre from the skeleton of Dactylocalyx pumicea,
X 108 linear: page 758.
STUTCHBURY,

Fig. 8. Tuberculated solid siliceous fibre, very prominentlytuberculated,from Dactylocalyx Prattii, BOWERBANK, MS., X 175 linear: page 758.
Fig. 9. Fibrillated sponge-fibrefrom the skeleton of one of the sponges of commerce,
X 308 linear: page 754.
Fibrillated
10.
sponge-fibrefrom the skeleton of anAustralian sponge, X 175 linear:
Fig.
page 754.
Fig. 11. Spinulated simple fistulose siliceous fibre, from a sponge in the collection of
Dr. ARTHURFARRE,Farrea, BOWERBANK,
MS., X 108 linear: page 758.

Fig. 12. Cidarate prehensile fibre from a parasitical siliceo-fibrous sponge from the
South Sea, showing the position of the prehensile organs at the base of the
sponge, X 83 linear: page 759.
Fig. 13. A group of cells on a portion of the interstitial membrane of Ecionemia acervus,
BOWERBANK,
MS., X 666 linear: page 759.

Fig. 14. Cells on a portion of the interstitial membrane of Halichondria nigricans,
BOWERBANK,
MS., X 308 linear: page 759.

Fig. 15. Detached nucleated cells from a new species of sponge from Freemantle,
Western Australia, X 308 linear: page 759.
Fig. 16. A view of the upper stratum of cells of one of the oyaria of Spongillafriabilis,
CARTER,X 308 linear: page 760.

PLATE XXIX.
Fig. 1. A piece of an interstitial membrane from the honeycomb sponge of commerce
in the condition in which it came from the sea, exhibiting the sarcode on its
surface, and the imbedded semi-digested minute molecules, X666 linear:
page 760.
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Fig. 2. A spinulate spiculum from Halienemiapatera, BOWERBANK,MS., x 175 linear:
page 766.
Fig. 3. A bispinulate spiculum from the same sponge, X 175 linear: page 766.
Fig. 4. A trispinulatespiculum from the same sponge, 175 linear: page 766.
Figs. 5, 6, 7. The same forms of spicula as figures 2, 3, and 4, in progressivestages of
development,the apices not having attained their acute terminations, X 175
linear: page 766.
Fig. 8. Inner surface of the dermal crust of DactylocalyxPrattii, showing the manner
in which the apices of the radii of the ternatespicula are spliced on each other
to form the areas for the intermarginalcavities, X 108 linear: page 767.
Fig. 9. Three of the ternate spicula of DactylocalyxPrattii, exhibiting the variations
in form and the compressedcondition of their radii, x 108 linear: page 767.
Fig. 10. A portion of a thin section at right angles to the surface of a specimen of
Halichondriaseriata, JOHNSTON, illustrating the mode of external defence by
the prolongationof the radial lines of the skeleton, X 108 linear: page 769.
MS., exhibiting
rugosus,BOWERBANK,
Fig. 11. Part of a smallbranch of Diictyocylindrus
the radiating structure of the defensive fasciculi, 50 linear: a, a part of
the central axis of spicula: page 770.
A
12.
portionof a slice at right angles to the surface from Tetheacranium,showing
Fig.
the fasciculi of defensivespicula(a), and the modein which they are supported
by buttressesof spiculabeneath the surfaceof the sponge at 6: c, the recurvoternate spicula, X 50 linear: page 770.
PLATE XXX.
Fig. 1. A section at right angles to the surfaceof Microcionatatrosanguinea, BOWERBANK,
MS., showing the position of the pedestals forming the skeleton and the
terminal spicula, x108 linear: page 771.
2.
A single mature pedestal, showing its structure and the proportionsand posiFig.
tions of the external defensive spicula, 175 linear: page 771.
Fig. 3. A section of Hymeraphiastellifera, BOWERBANK,MS., showing the large bulbous
skeleton-spicula in situ, their apices forming the external defences: a, the
stelliferous internal defensive spicula elevated by a grain of sand beneath the
basal membrane, x 108 linear: page 771.
Fig. 4. a, The basal portion of one of the skeleton-spiculaof lymeraphia stellifera, with
its large bulbous base, X 260 iinear: b, one of the stelliferousinternal defensive spicula, 260 linear: page 771.
Fig. 5. A small portion of a longitudinal section through the cloaca of a specimen of
Grantia tessellata, BOWERBANK,
MS., showing the positions of the internal
defensive spicula, and their curvaturetowardsthe mouth of the cloaca, 108
linear: page 772.
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Fig. 6. A small portion of the kerato-fibrousskeleton of an Australian sponge, showing
the attenuato-acuateentirely spined internaldefensive spiculain situ dispersed
on the skeleton-fibre,X 108 linear: page 773.
Fig. 7. Verticillately spinedinternal defensivespicula dispersedon keratosefibres of the
skeleton, from a West Indian sponge, X 175 linear: page 773.
Fig, 8. Verticillately spined internal defensive spicula from a keratose sponge from the
West Indies. Congregatedin fasciculi, X 175 linear: page 773.
9.
A small portion of Hymeniacidon Cliftoni, BOWERBANK, MS., exhibiting the
Fig.
membranoustissues of the sponge enveloping the fibres of a Fucus; the
defensive spicula over the fibre being erect, while those on the adjoining
membraneare recumbent, X 108 linear:--a, one of the attenuato-cylindrical
internal defensive spicula, X 260 linear; b, a small portion of the surface of
the Fucus showing its cellular structure, X 400 linear: page 774.
Fig. 10. A portion of the reticulated skeleton of the sponge, with the radiating fasciculi

of spinulo-quaternate internal defensive spicula in situ, X 108 linear:
page 775.
PLATE XXXI.
Fig. 1. A portion of the reticulated skeleton of a sponge from Madeira,the fibresarmed
with trenchant contort bihamate spicula, X 50 linear: page 776.
Fig. 2. One of the trenchant contort bihamate spicula, showing the cylindrical form at
the curves of the hook and the middle of the shaft, and the trenchant edges
of the rest of the inner surfacesof the spiculum, X 400 linear: page 776.
Fig. 3. A portion of the skeleton of Hyalonemamirabilis, GRAY,showing the mode of
disposition of the multihamate birotulate and spiculated cruciformspicula in
the body of the sponge. In the collection at the British Museum, X 50 linear:
page 777.
Fig. 4. A multihamate birotulate spiculum, magnified 175 linear, to exhibit the peculiarities of its structure: page 777.
A
5.
spiculated cruciform spiculum, to show the relative proportionsof the two
Fig.
forms of defensive spicula, X 175 linear: page 777.
Fig. 6. The same form of spiculum as fig. 5, showing the peculiarities of its spination,
X 260 linear: page 777.
Fig. 7. A small portion of the skeleton of Hyalonemamira6ilis , GRAY,from a specimen in the Bristol Museum, showing the reticulationsof the skeleton to be
abundantlysupplied, in some parts, with a small variety of multihamate birotulate spicula: a, one of the large spicula, of the same form as those in fig. 5,
in situ, X 108 linear: page 777.
Fig. 8 representsa small portion of the inner surface of the dermal membraneof Hymedesmia Zetlandica, BOWERBANK,
MS., showing the fasciculation of the simple

bihamate spicula, the equi-anchorateones dispersedsingly on the membrane,
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and the large attenuato-acuate entirely spined defensive ones in situ, X 308
linear: page 780.
A young circular group of inequi-anchorate spicula, situated on one of the
interstitial membranes of Hynmeniacidonlingua, BOWERBANK,MS., X 308
linear: page 780.
A larger and more complete circular group of inequi-anchorate spicula, containing about the usual number of spicula, from the same sponge as the group
represented by fig. 9, X 308 linear: page 781.
A circular group of torqueato-tridentate inequi-anchorate spicula from the
interstitial membranes of a new species of Hymeniacidon from Freemantle,
Australia, X 308 linear: page 781.
A single spiculum, from a group similar to that represented by fig. 11, exhibiting the singular structure of the base and the tridentate apex of the spiculum,
X 400 linear: page 781.
A section of Halichondria panicea, JOHNSTON, showing the intermarginal cavities at a, a, immediately beneath the dermal surface, X 108 linear: page 787.
MS.,
A small portion of the dermal membrane of Tetheamuricata,BOWERBANK,
782.
in
an
108
linear:
the
open condition, X
page
pores
exhibiting
The lower portion of the same piece of membrane, highly magnified, to show
the positions of the elongo-stellate defensive spicula on the external surface
of the dermal membrane, X 183 linear: page 782.
PLATE XXXII.

Fig. 1. A section at right angles to the surface of a branch of Halichondria simulans,
JOHNSTON,exhibiting the form and position of the intermarginal cavities,
X 108 linear: page 787.
Fig. 2. A section, at right angles to the surface, of Geodia Barretti, BOWERBANK, MS.:a, a, longitudinal sections of two of the intermarginal cavities; b, b, the basal
diaphragms of the intermarginal cavities; c, c, imbedded ovaria, forming the
dermal crust of the sponge; d, d, the large patento-ternate spicula, the heads
of which form the areas for the valvular bases of the intermarginal cavities;
e, e, e, recurvo-ternate defensive and aggressive spicula within the summits
of the great intercellular spaces of the sponge; f, f, portions of the interstitial membranes of the sponge, crowded with minute stellate spicula; g, g,
portions of the secondary system of external defensive spicula, X 50 linear:
page 788.
of a small portion of the inner surface of the dermal crust of Geodia BarView
3.
Fig.
retti, BOWERBANK,MS., with three of the valvular membranes of the proximal
ends of the intermarginal cavities:-a, a, valves closed; b, a valve partly
,pen; c, c, the radii of the patento-ternate spicula, imbedded in the tissues,
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and formingthe areasfor the supportof the valvularterminationsof the intermarginal cavities, X 50 linear: page 788.
Fig. 4. Four groups of inhalant pores in the dermal membrane,situated immediately
above the distal ends of the intermarginalcavities of G. Barretti, X 83 linear:
page 794.
Fig. 5. A portion of the dermal surface of Halichondria panicea, JOHNSTON, showing the
multispicularnetwork for the supportof the dermal membrane,and the open
pores in the areas, X 108 linear: page 793.
Fig. 6. A small portion of the dermal membrane from -ictyocylindrus stuposus,BOWERBANK,MS., exhibiting the number and position of the minute sphero-stellate
defensive spicula with which it is armed, X 308 linear: page 793.
Fig. 7. A small portion of the quadrilateral siliceo-fibrous network of the dermis of the
sponge upon which Dr. A. FARRE'S specimen of Euplectella cucumer, OWEN,

is based, showing the double series of entirely spined spicular organs projected from its angles, X 108 linear: page 790.
Fig. 8. A small portion of the single-serieddermal spicularnetwork of Isodictya varians,
BOWERBANK,
MS., X 108 linear: page 792.

Fig. 9. A piece of reticulated kerato-fibroustissue, for the support of the dermal membrane of one of the species of the common West Indian sponges of commerce, X 108 linear: page 792.
PLATE XXXIII.
Fig. 1. A longitudinal section of the intermarginal cavities of Grantia conmpressa,show-

ing the cilia and their basal cells in situ, X 500 linear: page 806.
Fig. 2. A view of a small portion of the inner surface of Grantia compressa,exhibiting
the oscula open, and the appearance presented at their orifices by the cilia
within in action, X 500 linear: page 806.
Fig. 3. Two detached tessellated cells and their cilia, (a) in the position of inaction,
(b) in the position of action, X 1250 linear: page 806.
Fig. 4. A group of detached tessellated cells frolm the interior of the intermarginal

cavities of Grantia compressa,X 1250 linear: page 807.
Fig. 5. An ovariumof Spongilla fiuviatilis in its natural state, exhibiting the foramen,
X 83 linear: page 808.
Fig. 6. A small piece of a fibre of the skeleton of one of the common Bahama sponges

of commerce, with numerous ova imbedded in its surface, X 400 linear:
page 809.
small
A
piece of the fibre represented by fig. 6, exhibiting the varieties in form
Fig. 7.
and proportionof the ova, X 1250 linear: page 809.
Fig. 8. View of a section at right angles to the surface of a fragment of the skeleton of

the ovariumof SpongillaJluviatilis, preparedwith nitric acid, exhibiting the
MDCCCLXII.
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relative positions of the spicula in the skeleton:-a, a spiculum from the
same ovarium,detached, X 308 linear: page 811.
9.
A
perfect skeleton of an ovariumof Spongilla jiuviatilis, preparedwith nitric
Fig.
acid, X 183 linear: page 811.
Fig. 10. A skeleton of an ovarium of Spongilla lacustris, prepared with nitric acid,
exhibiting the spicula in situ and the foramen, X 183 linear: page 811.
Fig. 11. Two of the reticulated cases of the ovaria of Spongilla Brownii, BOWERBANK,
MS.:-a, an empty case; b, a case containing the skeleton,of an ovarium,
X 50 linear: page 813.
Fig. 12. A reticulated case of an ovarium of Spongilla reticulata, BOWERBANK,MS.,

X 175 linear: page 812.
Fig. 13. Skeleton of an ovarium of Spongilla reticulata, BOWERBANK,MS., without its
case, preparedwith nitric acid, X 175 linear: page 812.
PLATE XXXIV.
Fig. 1. A perfect ovarium of Diplodemia vesiculata,BOWERBANK,MS., and a portion of
a second one, showing the interior and the thickness of its walls in its natural
state, X 83 linear: page 813.
MS., in very nearly an adult
Fig. 2. An ovarium of Geodia MAiAndrewii,BOWERBANK,
state, showing the structure and position of the conical foramen for the
discharge of the ova, natural condition, X 183 linear: page 815.
Fig. 3. A small portion of the surface of a fully-developed ovarium of GeodiaMeAndrewii in its natural state, showing the distal ends of the spicula flat and
angular, and firmly cemented together, X 308 linear: page 815.
Fig. 4. A portion of a young ovariumof Geodia.MAndrewii,with the distal ends of its
spicula acutely terminated,and unconnected, X 308 linear: page 815.
Fig. 5. A portion of a section through nearly the centre of a mature ovarium of Geodia

MlcAndrewii,showing the radiation of its spicula from near the centre to its
circumference, X 308 linear: page 815.
Fig. 6. TWo ovaria of Geodia MllAndre'wii,(a) containing about the maximum of ova,

(b) after a great part of the ova have been discharged, X 108 linear:
page 814.

exhibiting the
Fig. 7. A mature ovarium of Pachymatisma Johnstonia, BOWERBANE,

cuneiformspicula of the foramen, X 308 linear: page 815.
Fig. 8. A young ovarium of PachymatismaJohnstoniain course of development, X 308
linear: page 815.
Fig. 9. A young ovarium of Pachymatisma Johnstonia in a very early stage of develop-

ment, X 308 linear: page 815.
Fig. 10. An ovarium from a sponge from Madeira closely allied to Pachymatisma,
exceedingly depressedand much elongated, X 308 linear: page 815.
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Fig. 11. A fragment of a similar ovarium to that represented by fig. 10, the fracture
showing its extremely thin condition, X 308 linear: page 815.
Fig. 12. A young ovariumof the same species as that representedby fig. 10, in an early
stage of development, X 308 linear: page 815.
13.
A
reticulated ovarium in situ, on the fragment of a sponge from Madeira,
Fig.
X 108 linear: page 816.
Fig. 14. A portion of the reticulated structurefrom an ovariumof the same description
as representedby fig. 13, X 308 linear: page 816.
15.
An
ovumin course of developmentinto a young sponge on the same membrane
Fig.
as that on which the ovariumrepresented by fig. 13 is seated, X 108 linear:
page 816.
16.
A
group of ova or gemmules in course of development into young sponges,
Fig.
found, with many others, on the inner surface of a fragment of a large Pecten
from Shetland, X 108 linear: page 817.
Fig. 17. A small portion of the skeleton of Iphiteon panicea in the Museum of the
Jardin des Plantes, Paris, with gemmules in situ, X 183 (Dactylocalyx,
STUTCHBURY):page 817.

Fig. 18. A gemmule detached from Iphiteonpanicea, X 666 linear: page 817.
Fig. 19. A gemmule extruded from near the base of a specimen of Tethea Lyncurium,
on the distal extremity of one of the skeleton fasciculi, X 50 linear:
page 819.
PLATE XXXV.
Fig. 1. A group of internal gemmules in sittu,on the interstitial membranesof Tethea
cranium:-a, one of the larger and most completely organized gemmules;
b, b, b, three of the smallerand more simple gemmules which always accompany
the larger ones. In Canadabalsam, X 108 linear: page 818.
2.
One
of the larger description of gemmules of Tetlheacranium, in its natural
Fig.
state, removed from the membraneand viewed by direct light, X 25 linear:
page 818.
3
Fig. representsa portion of the sponge from the East Indies, furnished with numerous
depressedporous areas with protecting organs, natural size: page 794.
Fig. 4. Two of the inhalant areas, connected by the dermal network:-a, the external
protectiveorganin a perfectcondition; b, having the external protectiveorgan
removedto exhibit the deeply depressedporousarea, X 50 linear: page 794.
Fig. 5. Half of one of the external defensive organs, highly magnified,to exhibit the
disposition of the spicula on the follicular radiations of the organ, X 108
linear: page 794.
of the interior surface of half of one of the external defensive organs,
A
view
6.
Fig.
exhibiting the structureof the semifollicularradiationsof the organ, X 108
linear: page 794.
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Supplementto Part I. " On the Anatomy and Physiology of the Spongiade," by J. S.
BOWERBANK,LL.-D., JR.S.,

F.L.S. &c.-Descriptions

of New Forms of Spiczla

that have beendiscoveredsince the publication of the First Part (Phil. Trans. 1858,
p. 279).
Received November29, 1862.

Spicula of the Skeleton.
FARCIMULO-CYLINDRICAL
(Plate XXXVI. fig. 1).--This is the shortest and stoutest
form of skeleton-spiculum I have yet seen. It forms the entire skeleton of Spongilla
MS. A new species from the River Amazon. In the collection
coralloides, BOWERBANK,

of the Royal College of Surgeons of London.
VERMICULOID
INEQUI-ACERATE
spicula are found
(Plate XXXVI. fig. 2).-These
dispersed in great nunibers in the basal membrane of Hymeraphia vermiculata, BOWERBANK,MS. A new species of British sponge from Shetland. No two of them agree

in the form or amount of their contortions, but all of them are more or less inequiacerate.
NODULATEDCYLINDRICAL
VERMICULOID
(Plate XXXVI.

fig. 3).-The

sponge whence

this spiculum is derived has not yet been found. It occurs along with inequi-acerate
vermiculoid and other well-known forms of sponge-spicula in the soundings from the

Atlantic, in 2070 fathoms, and, like the last-named form, no two of them agree in the
mode or amount of their contortions.
TRIRADIATE
ELONGO-EQUIANGULATED
(Plate XXXVI. fig. 4).-An auxiliary skeletonMS. From Madeira. The
from
the
surface
of
Grantia
striatula, BOWERBANK,
spiculum

elongate ray is always disposed in accordancewith the long axis of the sponge.
EXFLECTEDELONGO-EQUIANGULATED
TRIRADIATE
(Plate

XXXVI.

MS.
surface near the base of Grantia striatula, BOWERBANK,

fig. 5).-From

the

From Madeira. The

elongated ray in this form, as well as the one represented by fig. 4, varies considerably

in its proportions.
CYLINDRICAL
DOLIOLATE
(Plate XXXVI. fig. 6).-From a portion of the skeleton of a
related
to
MS. Locality unknown.
Ecionemia, BOWERBANK,
sponge nearly
EXPANDO-TERNATE
BIFURCATED
(Plate XXXVI. fig. 7).-From the same sponge as

fig. 6; the shaft of the spiculum assisting in the formation of the skeleton, while the
ternate terminationsact as external defensive spicula.
PORRECTO-TERNATE
(Plate XXXVI.

fig. 8).-From

the same sponge as fig. 6; the

shaft belonging to the skeleton and the ternate apex acting as an external defensive
spiculum.
EXPANDO-TERNATE
(Plate XXXVI.

fig. 9).-From

the same sponge as fig. 6; the
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shaft acting as a skeleton-spiculum,while the ternate apex serves as a defensive spiculum.
GENICULATED
EXPANDO-TERNATE
Tethea Collizgsii,
(Plate XXXVI. fig. 10).-From
MS. Sark. The shaft acts as a subsidiary skeleton-spiculum, and the
BOWERBANK,

ternate apex as a defensive one.
ABBREVIATO-PATENTO-TERNATE
(Plate XXXVI.

a sponge allied to

fig. 11).-From

Paclhymatisma,in the Museum of the Royal College of Surgeons, London. External
defensive. The example figured is a fully-developedspiculum.
ASCENDINGLY
HEMI-SPINOUS(Plate
INFLATO-FUSIFORMI-ACERATE,

XXXVI.

fig. 12).-

From I4yalonencamirabilis, GRAY. British Museum. These spicula are projected in
great numbers from the dermal surface of the body of the sponge, the smooth basal
half being immersed in the tissues beneath the dermal membrane, and the spinous
distal portion projected beyond it. The form and mode of disposition of the spines
indicate its purely defensive character.
SPINEDCYLINDRICAL
VERTICILLATELY
(Plate XXXVI.

fig. 13).-This

spiculum is very

abundant on the dermal and interstitial membranes of an undescribed sponge from
Freemantle, Western Australia. It is both externally and internally defensive.
ENTIRELYSPINED CYLINDRICAL(Plate XXXVI. fig. 14).--From
SUB-ATTENUATO,
IIy.
meniacidon Cliftoni, BOWERBANK,MS.
Internal
Freemantle, Western Australia.
defensive.
SPICULATEDINEQUI-ANGULATED
ENTIRELYSPINED RADII
TRIRADIATE,WITH CYLINDRICAL

(Plate XXXVI.

fig. 15).-From

a fragment of a sponge presented to me by Mr.

Dublin, who thinks it probablycame from the West Indies. This spiculum
is an external defensive one. The triradiate rays are imbedded immediately beneath
the dermal membrane,and the spicular ray is projected through it at right angles to its
plane; they are very numerous.
VICKERSof

SPICULATED
VERTICILLATELY
SPINED(Plate XXXVI.
ATTENUATO-EQUIANGIULAR
TRIRADIATE,

fig. 16).-From an undescribed sponge. Freemantle,Western Australia. I have not
seen the sponge whence this spiculum is derived, but, reasoning from our knowledge

of

the form and situation of the spiculum represented by fig. 15, there can be little doubt
of its being an external defensive one.
SPICULATED
VERTICILLATELY
SPINED(Plate XXXVI.
CYLINDRO-EQUIANGULAR
TRIRADIATE,

fig. 17).--From a fragment of sponge from Freemantle, Australia. This spiculum
occurs in the same slide of sponge-spicula as the form represented by fig. 16. It was
sent to me by my friend Mr. GEORGECLIFTON,of Freemantle.

There can be little

doubt of its being an external defensive organ.
INEQUI-FURCATO-TRIRADIATE
(Plate XXXVI.

figs. 18 & 19).-These

forms of spicula

are from a new species of calcareous sponge, probablya Grantia. They were sent to
me, mounted

in Canada balsam, by my friend Mr. GEORGECLIFTON,of Freemantle,

Australia. They occur loosely fasciculated, and their mode of dispositionis verysimilar
to those representedby figs. 4 & 5, Plate XXXVI. They differ considerablyfrom each
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other in length and in the width of the prongs of the fork apart, but they all have
them unequal in length. It is probably an auxiliary skeleton and external defensive
spiculum.
ELONGO-RECURVATE
DENTATO-BIROTULATE
(Plate XXXVI. fig. 20).-From Hyalonema
same sponge as that represented by fig. 4,
the
GRAY.
This
is
from
mirabilis,
spiculum
Plate XXXI. Part II
It is an extreme variety of that form. Fig. 7, a, in the same
plate, appears to be an intermediate variety.
ELONGO-RECURVATE
DENTATO-BIROTULATE
(Plate

XXXVI.

fig. 21).-From

soundings

in the Indian Ocean, 2200 fathoms. The smooth shaft and the widely-spread teeth of
this spiculum render it very probable that it belongs to an unknown species of Hyalonema.
RECURVO-ACUTELY
DENTATEBIROTULATE
(Plate XXXVI.

the Indian Ocean, 2200 fathoms.

soundings in

fig. 22).-From

The thin smooth shaft and the acutely-terminated

teeth of this form indicate probably a species of Hyalonema unknown
present.

to naturalists

at

RECURVO-DENTATO-BIROTULATE
(Plate XXXVI. fig. 23).-From
soundings in the
Indian Ocean, 2200 fathoms. The fragment represented is most probably from
another unknown species of Hyalonema. It is the only specimen of this form that
has, I believe, been found.
ATTENUATO-CYLINDRICAL,VERTICILLATELYSPINED (Plate

These spicula are found dispersed
branes of Hymeraphia verticillata,
up by the sounding-line from 100
officers of H.M. ship'Porcupine.'
spined spiculum

XXXVI.

figs. 24 & 25).-

in abundance on the interstitial and dermal memBOWERBANK, MS. A new British species, brought
fathoms, off the Western Coast of Ireland, by the
It is remarkable as being the only verticillately-

that has been found in a British

species

exhibiting the mode of development of that class of spicula.

of sponge,

and also for

In the earliest stage the

spiculum is long, slender, and perfectly smooth; as the growth proceeds, two or three
slight inflations appear near the middle of the shaft, and others are successively developed beyond them, until the spiculum assumes the moniliform appearance represented

by fig. 25. As the inflations increase in number and size, a few incipient spines appear
in a circumferential line at their greatest diameter; and as the growth proceeds, the
spines increase in number and size, and the spaces between the inflations are filled up by
the expansion of the shaft; and this mode of development is continued until the adult
spiculum assumes the form represented by fig. 24. This form appears to act both as a
tension and a defensive spiculum. ?

Spicula of the Sarcode.
TORQUEATO-BIDENTATE
INEQUI-ANCHORATE
(Plate

XXXVI.

fig. 26).-From

an unde-

scribed species of sponge. Freemantle, Western Australia. Sent to me, mounted in
Canada balsam, by Mr. GEORGE
CLIFTON. This is closely allied to the one represented
by fig. 12, Plate XXXI. Part II.
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BICALCARATE
BIHAMATE
(Plate XXXVI.

fig. 27).-This
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singular and minute form of

MS. A new
spiculum has hitherto been found only in Isodictya Normani, BOWERBANK,
British species.
EXPANDO-TRIDENTATE
EQUI-ANCHORATE
(Plate XXXVI.

fig. 28).-From

an undescribed

sponge in the British Museum. The shaft of this minute spiculum is frequentlycurved
to the extent of nearly a semicircle. Expando-bidentateforms are also mingled with
the tridentate ones.
FIMBRIATED
TRIDENTATE
EQUI-ANCHORATE
(Plate XXXVI. fig. 29).-From Isodictya
MS. Shetland. The singular fimbriation of the shaft of the
fimbriata, BOWERBANK,
has
been
never
observed in any other anchorate spiculum. In this sponge
spiculum
the spicula of this form may be traced from the earliest stage of development to the

fully fimbriated form exhibited by the one represented by fig. 28. They are very
abundant on the interstitial and dermal membranes,and mixed with them; there are
many that are only bidentate, but are as completely fimbriated as the tridentate ones.
The fimbrikeare very delicate and translucent, and require a careful management of the

light to render them apparent.
QUADRIHAMATE
(Plate XXXVI.

fig. 30).-From

Hyalonema mirabilis, GRAY. These

very minute spicula are dispersedin considerablenumbers on the interstitial membranes
of the sponge.
INEQUI-TRIROTULATE
(Plate XXXVI. fig. 31).-From an undescribed sponge in the
cabinet of my friend Mr. GEORGECLIFTON,of Freemantle, Western Australia. In
Plate XXVI. fig. 38 I have figured a more fully developed specimen of this form, and
described it in the 'Philosophical Transactions' for 1858, page 319, believing at that

time that it was probably derived from the ovarium of a Spongilla. From the structural differencesof the two specimens,it is probable that the former one is not from the
same species of sponge as the latter.
TRIROTULATE
ECCENTRIC
(Plate XXXVI.

figs. 32 & 33).-From

the same sponge as

fig. 31. Fig. 33 presents the fully-developedaxial eccentricity, while the axis in the
spiculum represented by fig 32 is both centrical and eccentrical, and these variations in

the mode of the development of the rotule are exceedingly common.
CYLINDRO-CRUCIFORM
(Plate XXXVI.

hilis, GRAY. British Museum.

figs. 34, 35, 36, 37).-From Iyalonema miraThese four forms occur in considerable numbers, either

imbedded in, or immediately surroundingthe thick coriaceous sheath which envelopes
the spiral column that is projected from the base of the sponge through its centre.

All the imaginable varieties of form between figs. 34 and 37 are found mixed together;
and they appear to be especially abundant around that part of the column which is
imbedded in the midst of the sponge. The cylindrical form representedby fig. 34 is of
rare occurrence without a slight indication near the middle of the absent third and
fourth rays of the perfect cruciformspiculum.
SPICULATED
CYLINDRO-CRUCIFORM
(Plate XXXVI.

fig. 38).-From

Hyalonema mirabilis,

GRAY. British Museum. This spiculum is from the sheath of the same sponge as
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the previously described forms; the ordinary cruciform spiculum being converted into
an external defensive one by the projection of a spicular ray from its centre.
DENTATO-CYLINDRO-HEXRADIATE
(Plate

XXXVI.

a unique

fig. 39).-From

and very

beautiful branching sponge from Nichol Bay, Australia, sent to me by Mr. GEORGE
of Freemantle. The dentation of the radii of these spicula varies considerably
CLIFTON,
in form and size; the number of teeth at the apices of the rays is usually two or three,
occasionally four, and very rarely five. The spicula are nearly uniform in size, and
extremely abundant on all parts of the interstitial membranes.
ARCUATE(Plate XXXVI.
EXTER-SPINULATED

a small massive sponge

fig. 40).-From

from the Bahamas, presented to me by my friend Mr. MCANDREW.They are very
abundantly dispersed over all parts of the interstitial membranes, are uniform in size,
and vary to some extent in the degree of spinulation. In Part I. of this paper I
described and figured a minute spiculum of the same arcuate form (Phil. Trans. 1858,
p, 322, Plate XXVI. fig. 51). I was not aware at that time from what part of the
sponge it had been obtained. I have since found the same form abundantly dispersed
on the interstitial membranes of a new species of sponge from Freemantle, sent to me
CLIFTON.
by my friend Mr. GEORGE
HEXRADIATESTELLATE(Plate XXXVI.
SPINULO-MULTIFURCATE

fig. 41).-This

beautiful

spiculum forms a connecting link between the spinulo-quadrifurcate hexradiate stellate
form and the floricomo-stellate one, described and figured in the first part of this
paper (Phil. Trans. 1858, p. 312, Plate XXVI. figs. 2, 3, 4). A careful examination
of the specimen presents indications of there having been as many as eight secondary
radii at the termination of the primary ray which exhibits the greatest number of
secondary ones in the figure; and it is probable that this was the full complement of
those parts.
MULTIANGULATED
CYLINDRICAL(Plate XXXVI.

fig. 42).-From

a sponge in the British

Museum. This spiculum had been accidentally included in the sponge. It is distinctly
different from one of the same form described and figured in the first part of this paper,
Phil. Trans. 1858, p. 314, Plate XXVI. fig. 10. It most probably belongs to the
sarcode of a Geodia.
SPINULO-MULTIANGULATEDCYLINDRICAL(Plate

XXXVI.

fig. 43).-Found

among the

extraneous spicula of the same sponge as the spiculum represented by fig. 42. This
sponge is one of the Johnstonian Collection. It is designated Halichondria sanguinea,
and its register is 47, 9, 7, 19.
INFLATO-ACERATE,WITII INSCISSURATETERMINATIONS(Plate

XXXVI.

fig. 44).-From

HymerapiMaverticillata, BOWERBANK, MS. A new species of British sponge from the
Western Coast of Ireland. A terminal portion only of this spiculum is represented by
the figure, the inscissurate character being the only novelty in the form. The inscissuration varies in degree to a considerable extent in different spicula, in some cases being
very slightly produced, in others rather beyond that represented by fig. 44. The rudiments of a third ray are sometimes apparent. This form is an auxiliary skeleton-
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spiculum. They are found thickly clustered around the primaryspicula of the skeleton.
They differ essentially from porrecto-ternatespicula in having both ends cleft or radiate,
which is never the case in any of the ternate forms.

OFPLATE
EXPLANATION

XXXVI.

Spicula of the Skeleton.
Fig. 1. FARCIMULO-CYLINDRICAL,from Spongilla coralloides, BOWERBANK,MS., X 108

linear: page 830.
Fig. 2.

INEQUI-ACERATE VERMICULOID, from

Hymeraphiavermiculata,BOWERBANK, MS.,

X175 linear: page 830.
X 175 linear: page 830.
VERMICULOID,
Fig. 3. NODULATEDCYLINDRICAL
Fig. 4. ELONGO-EQUIANGULATEDTRIRADIATE, from Grantia striatula, BOWERBANK, MS.,

X108 linear: page 830.
from Grantia striatula, BOWERTRIRADIATE,
Fig. 5. EXFLECTEDELONGO-EQUIANGULATED
BANK,MS., X 108 linear: page 830.
Fig. 6. DOLIOLATECYLINDRICAL, 175 linear: page 830.
X 108 linear: page 830.
EXPANDO-TERNATE,
Fig. 7. BIFURCATED

Fig. 8. PORRECTO-TERNATE,108 linear: page 830.
X 108 linear: page 830.
Fig. 9. EXPANDO-TERNATE,
from Tethea Collingssii, BOWERBANK,MS.,
Fig. 10. GENICULATEDEXPANDO-TERNATE,

X 108 linear: page 831.
X108 linear: page 831.
Fig. 11. ABBREVIATO-PATENTO-TERNATE,

Defensive Spicula.
ASCENDINGLYHEMI-SPINOUS, X 108 linear: page 831.
Fig. 12. INFLATO-FUSIFORMI-ACERATE,
SPINEDCYLINDRICAL,
X 666 linear: page 831.
Fig. 13. VERTICILLATELY
Fig. 14. SUB-ATTENUATO,ENTIRELY SPINED CYLINDRICAL,x 400 linear: page 831.

Fig. 15. SPICULATED INEQUI-ANGULATEDTRIRADIATE, WITH CYLINDRICALENTIRELY SPINED
RADII, X308 linear: page 831.
TRIRADIATE, VERTICILLATELYSPINED, X 666
Fig. 16. SPICULATED ATTENUATO-EQUIANGULAR
linear:

page 831.

Fig. 17. SPICULATED CYLINDRO-EQUIANGULARTRIRADIATE, VERTICILLATELYSPINED, x 666
linear: page 831.
X 183 linear: page 831.
Figs. 18 & 19. INEQUI-FURCATO-TRIRADIATE,
X 308 linear: page 832.
DENTATO-BIROTULATE,
Fig. 20. ELONGO-RECURVATE
X 308 linear: page 832.
DENTATO-BIROTULATE,
Fig. 21. ELONGO-RECURVATE
DENTATE
22.
RECURVO-ACUTELY
x
BIROTULATE, 308 linear: page 832.
Fig.
VARIETY,X 308 linear: page 832
Fig. 23. RECURVO-DENTATO-BIROTULATE
MDCCCLXII.
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VERTICILLATELY
SPINED, 183 linear: page 832.
Fig. 24. ATTENUATO-CYLINDRICAL,
Fig. 25. The same form of spiculum as that representedby fig. 24, in an early stage of
development, x183 linear: page 832.
X 308 linear: page 832.
INEQUI-ANCHORATE,
Fig. 26. TORQUEATO-BIDENTATE

Fig.
Fig.
Fig.
Fig.

27.
28.
29.
30.

BICALCARATE
X 1250 linear: page 833.
BIHIAMATE,
EXPANDO-TRIDENTATE
X 1250 linear: page 833.
EQUI-ANCIIORATE,
TRIDENTATE
FIMBRIATED
X666 linear: page 833.
EQUI-ANCHORATE,

linear: page 833.
Fig. 31. INEQUI-TRIROTULATE,x 666 linear: page 833.
TRIROTULATE,X 666 linear: page 833.
Fig. 32. ECCENTRIC
33.
ECCENTRIC
x 666 linear: page 833.
TRIROTULATE,
Fig.
34.
INCOMPLETELY
ENTIRELY SPINED, X 175 linear:
DEVELOPED, CYLINDRO-CRUCIFORM,
Fig.
QUADRIIHAMATE,X 1250

page 833.
Fig. 35. CYLINDRO-CRUCIFORM,PARTLY DEVELOPED AND ENTIRELY SPINED, X 175 linear:

page 833.
APICALLY
SPINED, X 175 linear: page 833.
Fig. 36. CYLINDRO-CRUCIFORM,
ENTIRELYSPINED, X 175 linear: page 833.
Fig. 37. CYLINDRO-CRUCIFORM,
175 linear: page 833.
Fig. 38. SPICULATED
CYLINDRO-CIUCIFORM,

X 666 linear: page 834.
Fig. 39. DENTATO-CYLINDRO-HEXRADIATE,
40.
EXTER-SPINULATED
1250
linear: page 834.
X
ARCUATE,
Fig.
HEXnADIATE
STELLATE,X 666 linear: page 834.
Fig. 41. SPINULO-MULTIFURCATE
Fig. 42. MULTIANGULATEDCYLINDRICAL,X 400 linear: page 834.
Fig. 43. SPINULO-MULTIANGULATED
X 666 linear: page 834.
CYLINDRICAL,
44.
WITH
INCISSURATE
INFLATO-ACERATE,
X 666 linear: page 834.
Fig.
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