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XVI. On the Anatomy and Physiology of the Spongiade. 

By J. S. BOWERBANK, LL.D., F.R.S., F.L.S. &c. 

Received June 17,-Read Jtme 18, 1857. 

PART I.-ON THE SPICULA. 

HITHERTO the Spongiadae have been classified either by their external form or in accord- 

ance with their chemical constituents. In the second edition of LAMARCK'S 'Anim. s. 

Vert.,' 138 species are included in the genus Spongia, without the slightest reference to 
their internal structure; and they are divided into seven groups by external form only, 
the same characters serving also, in a great degree, to discriminate the species. 

FLEMING, GRANT, JOHNSTON, and other modern naturalists, have made their principal 
divisions depend on their chemical constituents, and have therefore constructed three 

great divisions as genera:--Spongia, composed of keratose fibres unmixed, as it was sup- 
posed, with earthy matter; Halichondria, formed principally of siliceous spicula; and 
Grantia, having the skeleton composed of calcareous spicula. Included in the second of 
these divisions are the genera Tethea, Geodia, Pachymatisma, Spongilla, Dysidea, and 

Halisarca, and these nine genera are all that are contained in Dr. JOHNSTON'S ' History 
of British Sponges.' 

Both of these arrangements are very insufficient, and that of LAMARCK completely 
ineffectual, inasmuch as there is no class of animals in which the form varies to so great 
an extent, according to the difference of locality or other circumstances; and also even 
when there is a striking normal form, it is rarely thoroughly developed until the animal 

has reached its full maturity. According to the practice of LAMARCK, even under the 
most favourable circumstances there are frequently recurring difficulties in the determi- 
nation of the species by this method, as the same forms are found to be common to a 

great number of sponges, the internal organization of which are widely different to each 

other. From these causes it is, that no naturalists with whom I have conferred on this 

subject, have been able to determine with certainty the species of a sponge by the 

description given by LAMARCK in his ' Anim. s. Vert.,' or by those of any other author 

who has adopted the same method of description, with the exception of perhaps a few 

very striking species. 
The division of the Spongiadae by their chemical constituents, may serve very well to 

separate them into primary groups, but they are far too limited to be applied as generic 
characters. I have therefore for this purpose rejected both systems, and have retained 

the latter one for the purpose of forming primary divisions only, and I purpose founding 
the generic characters principally on the organic structure and mode of arrangement of 
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the skeleton. Spongilla differs in no respect from Halichondria, as now accepted by 
naturalists; and the latter, even in the narrow circle of the list of British species, con- 
tains at least ten distinct modes of arrangement of the skeleton, each of which is con- 
stant and well-defined in its character. 

It is not my intention to propose the rejection of any of the well-established genera of 

my predecessors , but to confine each genus strictly within the bounds indicated by the 

peculiar mode of the structure of the skeleton which exists in that species of sponge 
which is the oldest-established and best-known type of the genus, and to refer all others 
that may distinctly differ from that type to new genera founded on structural principles. 

When I commenced in a similar manner a critical examination of the specific charac- 
ters of preceding authors, and endeavoured to collect and classify them, I found them to 
be still more indeterminate than those of class or genera; in truth, it appeared that there 
was scarcely an approach to a distinct terminology to the science, and that the same 
author frequently designated the same organ, under different circumstances, by a totally 
different name; I therefore felt it absolutely necessary, before proceeding to the descrip- 
tion of new species, to enter into a thorough systematic examination of the organization 
of the whole of the species within my reach, and to characterize the organs in such a 
manner as to render the terms I applied to them definite in their meaning and limited 
in their application; and in pursuing this object I quickly found an abundance of con- 
stant and well-characterized forms and combinations of organization capable of being 
applied with precision to the purposes of generic and specific descriptions. 

I propose, therefore, in the first instance, to characterize the elementary tissues in the 

following order:- 
1. Spicula. 
2. Keratode or horny substance. 
3. Membranous tissues. 
4. Fibrous tissues. 
5. Cellular tissues. 
6. Sarcode. 

And, in the second place, to treat of the organization and physiology in the following 
order: 

1. The skeleton. 
2. The sarcodous system. 
3. The interstitial canals. 
4. Intermarginal cavities. 
5. Dermal membrane. 
6. The pores. 
7. The oscula. 
8. Inhalation and exhalation. 

s* ethea, Geodia, Dysidea and a few others are the only well-defined genera that have yet been 
established. 
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9. Nutrition. 
10. Cilia and ciliary action. 
11. Reproduction, gemmules, &c. 

And to conclude with observations on 
The generic characters; 
The specific characters; and 
On the method of examination. 

In my references to the views of preceding writers regarding the anatomy and phy- 
siology of the Spongiad&e, I shall endeavour to correct the errors, rather than to point 
out the authors of them, feeling satisfied that posterity will care as little about the petty 
angry discussions concefning the facts and opinions of the present period as we do about 
those of our ancestors; at the same time I shall endeavour to do justice to the industry 
and research of preceding naturalists, whose errors of omission are entitled to every 
possible excuse, when we remember the difficulties they laboured under in the course of 
their investigations, for want of competent microscopic powers with which to work out 
the organization of the minute and delicate objects of their research, while we are in 
full possession of all the advantages of the modern improvements of the microscope, 
giving a pleasure and facility to our investigations that must have been comparatively 
almost unknown to our predecessors. 

The Spicula. 
The spicula are essentially different in character from the fibres of the sponge, although 

the latter may be equally siliceous with the former. However closely the spicula may 
be brought into contact with each other or with siliceous fibre, they do not appear-to 
unite or anastomose, while the fibre, whether siliceous or keratose, always anastomoses 
when it comes in contact with other parts of its own body or of those of its own species. 

They differ exceedingly in dimensions; the longest I have seen are the- prehensile ones, 
at the base of Eu plectella cucumer, OWEN, which exceed 3 inches in length. 

They are among the earliest organs that are produced in the young sponge. Dr. GRANT, 
in his valuable papers on the development of the Spongiadae, states that immediately 
after the ciliated gemmule of the sponge he has described as Halichondria panicea* 
has attached itself to a rock or stone, it spreads out into a thin gelatinous-looking spot, 
and very shortly afterwards there appears a few spicula irregularly disposed in about the 
centre of the masst. 

In the young gemmules of Tethea cranium, while in a very immature condition, they 
are projected for half their length beyond the surface of the small nucleus of animal 

matter that exists at the early stage of its development, while in the mature gemmule 
not a vestige of them is apparent beyond its surface. 

In the early stage of their development the spicula appear to consist of a double 

* salicondria incrustans JOHENTON's ' British Sponges.' t Edinburgh Phil. Journ. vol. xiii. p. 381-3. 
2 2 
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membrane, between which the first layer of silex is secreted, and in this condition they 
present an internal cavity approaching very nearly to the size of their external diameter. 
In this state they readily bend abruptly in any direction without breaking, as may be 
seen in Plate XXIII. fig. 1, which represents a porrecto-ternate spiculum from the termi- 
nation of one of the radial lines of the skeleton at the surface of Tethlea cranium. This 
spiculum has been considerably distorted by pressure on the points of the rays at its 
apex. The deposit of the silex is not continuous and homogeneous, but is produced in 
successive concentric layers, which it would appear are, at least for a period, equally 
secreted by the inner surface of the outer membrane and the outer surface of the inner 
one; for we always find that as the development of the spiculum progresses, the internal 
cavity gradually becomes less, until finally it exists only as a central canal of very minute 
diameter in comparison with that of the spiculum itself. These stages of development 
may often be seen in the spicula of young specimens of Spongilla fluviatilis, especially 
in the spring, when they are growing rapidly. If small fragments of the sponge be 
slightly charred in the flame of a lamp, and then submitted to microscopical examina- 
tion, the outer and inner membranes of the spicula will readily be rendered visible 

(Plate XXIII. figs. 2 and 3); in immature spicula the internal membrane, is represented 
by a dense black film of charcoal, as in Plate XXIII. fig. 3, while in the mature ones 
the small central cavity is seen to be lined by so thin a membrane as to afford by its 
charring a slight brown tinge only to its walls (Plate XXIII. fig. 2). The concentric 
deposition of the layers of silex or carbonate of lime in the spicula are also readily 
to be seen (Plate XXIII. fig. 4) in transverse fractures of almost any large spiculum, 
either siliceous or calcareous, and they present the same aspect as similar sections 
of either the prismatic cells of shell tissue, or the spicula of a Gorgonia. The 
amount of silex, and the manner of its deposition in the spicula, is not the same 
under all circumstances. Where the spiculum is simply required to give strength and 
firmness to the skeleton, as in the greater number of the Halichondraceous sponges, 
the whole interior of the spiculum becomes rapidly filled with silex; but where strength 
is required to be combined with great elasticity and toughness, the mode of deposit is 

especially adapted to the requirements of the occasion; the amount of the silex depo- 
sited is small, and confined wholly to the surface, while the interior appears to be 
filled with keratode. These laws of deposit will perhaps be best illustrated by my 
detailing a series of experiments I made by the incineration of the spicula of various 
sponges in the flame of a small spirit-lamp. I was led to this series of experiments by 
frequently observing during the course of iny investigations the great amount of flexure 
that many of the large and long spicula would sustain without fracture, and the perfect 
elasticity with which they regained their original form and position. Thus, in mounting 
the spicula of Tethea cranium in Canada balsam, the long and slender porrecto-ternate 
defensive spicula projected from its surface would frequently have the shaft bent into a 
series of sigmoid curves or even loops; and the thickest portion of the same spicula, 
while in their nlatural condition, may be bent down to the surface of the sponlge, from 
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which they spring at right angles, so as to form an arc of the third of a circle with per- 
fect impunity. This great flexibility appeared to me to be so incompatible with a 

purely siliceous structure, that I determined to select the spicula of Tethea cranium, more 

especially to work out this problem, and from the large size of those of the skeleton 
fasciculi they are more than usually favourable for the purpose. If we view these spicula 
in their natural condition, mounted in either water or Canada balsam, by transmitted 

light and a linear power of 150, they present all the usual appearances of solid siliceous 

spicula; there is a small central tubular cavity, and the substance of the spicula inter- 

vening between it and the external surface presents to the eye the linear appearance 
that characterizes a deposit in concentric circles; and the fractured ends have precisely 
the same aspect that filaments of the same size of hard dry glue or glass would present 
to the eye. If these spicula be now burned in the flame of a small spirit-lamp until 
the combustion is completed and the mass is brought to a white heat, and it be then 
examined as before, the results are widely different in their aspect; the spicula have 
become considerably increased in diameter, and instead of being solid, they are now 

extremely thin tubes of silex lined with a dense and nearly opake film of charcoal, 
rough and granulated in its appearance. I thought in the first instance that I might 
have unwittingly selected a fasciculus of young spicula only for burning, and I therefore 

repeated the experiment, burning only half of the fasciculus and preserving the remainder 
in an unaltered condition; and on carefully mounting the specimen in Canada balsam, 
I found the same results precisely; the unburned half of the fasciculus presented all 
the characters of solidity that I have before described, while the burned half was in 

perfect unison with tlhe previous results of incineration; and at the junction of the two, 
the transition from the one state to the other might be readily traced even in single 
spicula. The external coat of silex in these spicula is so thin and the coat of charcoal 
with which it is lined so rough and opake, that the thickness of the silex cannot be 

readily ascertained; but in one of the short, stout, fusiformi-acerate spicula of the dermal 

coat of the sponge, which is about the same diameter as that of the skeleton spicula, I 

succeeded in measuring the thickness of the siliceous coat accurately after incineration. 

The length of the spiculum was 3-1th of an inch, the greatest diameter 5--^ th of an inch, 
and the thickness of external siliceous case w-1-Auth of aninch. Plate XXIII. figs. 5 

and 6, represent portions of two of the large spicula of the skeleton after incineration. 
I have very little doubt that the combustible matter in the interior of these large 

spicula is really keratode, one of the most elastic and durable animal substances withl 

which we are acquainted. The mode of its deposition within these organs is precisely 
the same with that presented in all the varieties of keratose fibre with which I am 

acquainted; and from its concentric arrangement, the nature of the material itself,, and 

its combination with a thin external case of silex, it presents perhaps one of the most 

admirable natural combinations of strength, elasticity, and durability. 
The structure which I have described as prevailing in Tetinea craniun is not peculiar 

to that genus. I obtained very similar results from thle incineration of the spicula of 
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Geodia MiAndrewii, BOWERBANK, MS., a new and remarkably interesting species. In 
this sponge there appeared to be a greater amount of silex secreted in the large skeleton 

spicula than in Tethea, while some of them after incineration were resolved into thin 
shells of silex, others withstood the operation and retained their form; and some were so 

completely siliceous, that on plunging them into the drop of water for examination while 
red-hot from the flame of the lamp, the result was the same as if they had been solid 

glass rods, and these were cracked and shattered in every direction (Plate XXIII. fig. 8). 
I submitted to the same mode of incineration a few of the long siliceous spicula or 

fibres of EuPlectella aspergillumt , OWE?N, burning about half of each fibre, and the 

result, although somewhat different, was equally satisfactory. Tlhe unburned portion 
appeared perfectly solid, but exhibited the usual trace of concentric structure. The end 

thoroughly burned became reduced to a thin filament of densely black matter like 

charcoal, but the junction of the burntd and unburned portions was extremely interesting. 
At this point the action of the heat upon the concentric layers had separated them from 

each other in the form of a series of thin curved flakes or coats, illustrating the thin 
concentric structure in a very satisfactory manner; demonstrating that the outer coat of 
siliceous matter was not the only one, and that probably there were several coats, each 

containing a sufficient amount of silex in its composition to resist disintegration by inci- 
neration (Plate XXIII. fig. 7). 

On operating in like manner on the spicula of Halicltondria oculata, JOHNSTON, little 
or no alteration was perceptible in tlhe spicula, the inner cavity remaining the same as 
in the unburned ones, and distinguished only by a slight brown tint, indicating the 
existence of but a very small amount of animal matter within. This result might be 

expected; the spicula being, imbedded in the keratose fibre to give it additional firm- 
ness and strength, are not required to be elastic; they are therefore slhort, comparatively 
stout, and solid in their structure. 

A specimen of Halichondria panicea, JOHNSTON, burned in the flame of a spirit-la mp 
to a white heat, exhibited no alteration in the mature spicula, in many of which I could 
not detect a central tubular cavity; and I presume in these cases the spicula were 

entirely filled with silex, as in younger spicula it was more or less apparent. When the 

cavity was very small, the colour had a very faint tinge of brown, and, as in other cases, 
when the cavity increased in diameter, the amount of colouring matter produced by the 
incineration of the animal matter within became greater, and deeper in its tint, until in 
the young and immature spicula the internal cavity occupied the greater part of its dia- 

meter, and it became perfectly black and opake; and in one spiculum the gaseous matter 

generated within expanded one part of the spiculum to such an extent, as to cause it to 
resemble exactly a hydrometer in form. 

The result of the incineration of Hialictonzdria incrustans, JOHNSTON, was very similar 
to that of Hal. panicea. The adult spicula remained unaltered, and the central canal 
was rendered more apparent than it was before. 

On burning portions of Spongillaflzuviatilis and lacustris, JOHNSTON, and of Spongilla 
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cerebellata, BOWERBANK, MS., I found the results were similar to those obtained from 
Halichiondria panicea and incrzustans, as regards the spicula of the skeleton; but in the 
small spinous spicula investing the gemmules of the last-named species there was no 

apparent alteration, nor could any indication of a central cavity be seen. 
The calcareous spicula of Grantia compressa withstood incineration better than I 

expected. The surface was studded with numerous little vesicles generated by the heat, 
and which interfered with their transparency; but they retained nearly their original 
colour and proportions; and it may therefore be concluded that they contained so great 
a proportion of calcareous matter as to prevent their disintegration by heat. 

Many of the forms of the spicula are by no means peculiar to the Spongiaded; but, 
on the contrary, as I shall hereafter show, their types are frequently to be found in the 
more highly organized classes of animals, and especially among the Zoophyta, the Tuni- 
cata, and the Nudibranchiate Mollusca. They are always of an organic type, never 
crystalline or angular. 

Each of the elongated forms of spicula may be said to be composed of three parts, 
the base, the apex, and the shaft intervening between the two; and generally speaking, 
these parts may be readily determined, even when the spicula are isolated. 

Each species of sponge has, not one form of spiculum only, equally dispersed through- 
out its whole substance; but, on the contrary, we find that separate parts have each its 

appropriate form; and thus we find that three, four, or even more forms often occur in 
the same individual; and in Tethea craniu)m there are no less than seven distinct shapes. 
But these differences in structure must not lead us to believe that every strange form of 

spiculum that meets the eye is a normal one: remarkable variations are often produced 
for especial purposes in the construction of the skeleton or for other objects; and in 
some species, Spongilla lacustris, for example, the number of odd malformations that are 

occasionally found is very remarkable. The size also of the normal forms of spicula will 
often vary to a considerable extent in the same sponge; but if adult, they are always in 
accordance with the type form, and if not adult, intermediate states of growth are gene- 
rally present to assist us to form correct conclusions regarding them. The forms thus 

appropriated to the different parts of the sponge are not always peculiar to certain spe- 
cies, but, on the contrary, they are frequently found to be repeated in other species 
differing widely in their construction. 

The spicula thus appropriate to particular parts of the sponge are uniform in their 

general characters throughout the wrhole of the Spongiade, and a great portion of them 
are so well characterized by their form, as to enable the student, when once well acquainted 
with their peculiarities, to assign each readily to its proper place in the sponge. I 

purpose therefore, in describing them, to treat of these organs in the following order:- 
1. Spicula of the skeleton. 
2. Connecting spicula. 
3. Defensive spicula. 
4. Spicula of the membranes. 
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5. Spicula of the sarcode. 
6. Spicula of the gemmules. 

1. Spicula of the Skeleton. 

The spicula of the skeleton in the siliceous sponges are usually simple, elongate in 

form, slightly curved, and occasionally more or less furnished with spines. They are 
either irregularly matted together, collected in fasciculi, or dispersed within or upon the 
keratose fibres of which the skeleton is to a great extent composed. Occasionally, but 
not frequently, they assume the triradiate form. In the calcareous sponges, beside the 

simple elongate form, the triradiate spicula are found in abundance. 
All the elongate forms of spicula of the skeleton are subject to extreme variety in 

length. In some species they maintain a great degree of uniformity, while in others 

they vary to a very considerable extent, according! to the necessities arising from the 
mode of the construction of the skeleton. 

The commonest form of skeleton spiculum is perhaps the 
ACERATE.-Of the same diameter for the greater part of the length of the shaft, but 

decreasing equally near each termination, and ending acutely at both. 
The proportions of length and diameter vary to a considerable extent in this form. In 

Halichondria panicea, JOHNSTON, it is of about the medium proportions (Plate XXIII. 

fig. 9, a). In Spongilla luviatilis it is much shorter and stouter (Plate XXIII. fig. 9, b). 
FUSIFORMI-ACERATE.-Having the greatest diameter at the middle of the shaft, and 

decreasing gradually to each acute termination. Halichondria coccinea, BOWERBANK, MS. 

(Plate XXIII. fig. 10). 
INFLATO-FUSIFORMI-ACERATE.-Fusiformi-acerate, with a globular inflation at the middle 

of the shaft. This form of spiculum is abundant in the skeleton of Isodictya anomala, 
BOWERBANK, MS. A new British sponge. It is sometimes extremely fusiform in shape 
(Plate XXIII. fig. 11). 

ACUATE.-Of the same diameter from the hemispherically-terminated base to near 
the acutely-terminated apex. Halichondria Alderi, BOWERBANK, MS. (Plate XXIII. 

fig. 12, a). Hymeniacidon caruncula, BOWERBANK, MS. (Plate XXIII. fig. 12, b). 
FUSIFORMI-ACUATE.-Having the largest diameter near the middle of the shaft, and 

decreasing thence gradually towards the hemispherical base and the acute apex. Hali- 
chondria crustula, BOWERBANK, MS. (Plate XXIII. fig. 13). 

ATTENUATO-ACUATE.-Decreasing gradually in diameter from the hemispherical base to 
the acutely terminated apex. Halichondria infundibuliformis, JOHNSTON (Plate XXIII. 
fig. 14). 

FLECTO-ATTENUATO-ACUATE.-Attenuato-acuate bent suddenly near the base of the 

spiculum. Halichondria infundibuliformis, JOHNSTON (Plate XXIII. fig. 15). In other 

species of sponges, and in other forms of spicula, the bending near the base is not so 

abrupt, but it is still characteristic and constant in the species, as for example in the 
flecto-acuate spicula of Halichondria variantia, BOWERBANK, MS. (Plate XXIII. fig. 16). 
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CvLITDRICAL.-Having the shaft of the same diameter throughout its length, and 

terminating at each end hemispherically, as in Pachymatisma Johnstonia, BOWERBANK 

(Plate XXIII. fig. 17). 
FUSIFORMI-CYLINDRICAL.-Having both terminations hemispherical, and the shaft 

gradually increasing in diameter to its middle. Pachymatisma ohnstonia, BOWERBANK 

(Plate XXII. fig. 18). 
ATTTENUATO-CYLINDRICAL.-Terminating hemispherically at both ends, but the shaft 

slightly decreasing from the base to the apex. Pachynatismra Johnstonia, BOWERBANK 

(Plate XXIII. fig. 19). 
FUSIFORMI-ATTENUATO-CYLINDRICAL.-Both terminations being hemispherical, the fusi- 

form shaft has a much smaller diameter towards its apex than it has at its base. From 
Tethea robusta, BOWERBANK, MS. A new species from Australia in the British Museum 

(Plate XXIII. fig. 20). 
BICLAVATED CYLINDRICAL.-The shaft equally cylindrical, with gradually inflated termi- 

nations. The inflations are almost as great as that of a spinulate spiculum, but without 

sphericity (Plate XXIII. fig. 21). From a new and undescribed species from Australia, 
Bowerbank Collection. 

INEQUI-BICLAVATED CYLINDRICAL.-The shaft attenuated from the base to the apex, 
with clavated terminations of unequal diameters (Plate XXIII. fig. 22). From Pachy- 
matisma Jo7lmstomia, BOWERBANK. 

ANGULATED INEQUI-BICLAVATED CYLINDRICAL.-This singular angulated form does not 

appear to be purely accidental, as I have found other instances of similar angulation at 
the middle of the shaft in other sponges, and the angle in each instance has been as 

nearly as possible at the same spot in the shaft. Pachymatisma Johnstonia, BOWERBANK 

(Plate XXIII. fig. 23). 
SPINULATE.-Shaped like a pin, having the same diameter from the spherical base to 

very near the acutely terminated apex. Halichondria carnosa, JOHNSTON (Plate XXIII. 

fig. 24). 
FUSIFORMI-SPINULATE.-The base being spherical, the shaft more or less fusiform and 

terminated acutely. Halichondria suberea, JOHnSTON (Plate XXIII. fig. 25). 
ATTENUATO-DEPRESSO-SPINULATE.--Having the basal inflation considerably depressed, 

and the shaft gradually attenuated from the base to the apex. From a new species of 

sponge from Ash Island, in the cabinet of Mr. THOMAS INGALL (Plate XXIII. fig. 26). 
ENORMI-SPINULATE.-Having the spherical inflation slightly within the basal portion 

of the shaft of the spiculum. Halichondria celata, JOHNSTON (Plate XXIII. fig. 27). 

FLEXUOUS.-Having the shaft of the spiculum curved repeatedly (Plate XXIII. fig. 28). 
lIalichondria ventilabrunz, JOHNSTON. 

ENSIrFORM.-Expanding towards the apex, but terminating acutely; so that the outline 
has more or less the form of the blade of a sword. Sponge unknown (Plate XXIII. 

fig. 29). 
The spicula of the skeleton in some species of siliceous sponges are more or less 
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furnished with acutely conical spines, which are irregularly dispersed over the whole or a 

portion of the spiculum, and they are therefore said to be,- 
ENTIRELY SPINED.-When the spines are equally dispersed over the spiculum from the 

base to the apex (Plate XXIII. fig. 30). Halichondria incrustans, JOHNSTON. 

BASALLY SPINIID.-When the spines do not occupy more than about one-third of the 
basal portion of the spiculum (Plate XXIII. fig. 31). Halichondria Ingalli, BOWERBANI, 

MS., a new British sponge. 
MEDIALLY SPINED.-When the spines occupy only about one-third of the middle of 

the spiculum (Plate XXIII. fig. 32). Halichondria Inqgalli, BOWERBANK, MS. 
APICALLY SPINED.-When the spines occur only at and near the apex of the spiculum: 

from an undescribed sponge, locality unknown (Plate XXIII. fig. 33). 
TERMINALLY SPINED.-W- hen the spines occur near both the base and apex of the shaft 

of the spiculum, but not at the middle: from an undescribed species of sponge, locality 
unknown (Plate XXIII. fig. 34). 

TRIRADIATE SPICULA.-These forms among the siliceous sponges are occasionally found 
imbedded among the other spicula of the skeleton at the angles of the reticulation; and 
the radii in nearly all the specimens I have seen terminate acutely. But it is in the 
calcareous sponges, Grantia of FLEMING, they are essentially the spicula of the skeleton. 

They are,- 
EQUIANGULAR TR1RADIATE.-Having the three attenuating rays in the same plane, and 

the intervening angles equal, or very nearly so (Plate XXIII. fig. 35). Grantia con- 

pressa, FLEMING. 
RECTANGULAR TRIRADIATE.--Having the three attenuating rays in the same plane, two 

of them forming a straight line, and one being projected from the middle of the line, 
forming right angles to it. Abundant in the base of the ciliary fringe of the mouth of 
the cloaca of Grantia tessellata, BOWERBANK, MS. A new British species (Plate XXIII. 

fig. 36). 
Both the above forms are subject, even in the same species, to considerable variations, 

arising from the necessities of their situation in the skeleton. The radii also vary 
greatly in thickness and length in different species: the stoutest form I have seen occurs 
in a new species of calcareous sponge from Africa, a spiculum of which is represented 
(Plate XXIII. fig. 37). 

EQUIANGULAR SPICULATED-TRIRADIATE.-Having the three rays in the same plane with 
the intervening angles equal, and a fourth ray projected from the basal junction of 
the radii at right angles to their plane. This is the only case in which I have found 
this form of spiculum in a siliceous sponge, Halina Bucklandi, BOWERBANK, MS. A 
new British species. But this form is very common in the calcareous sponges, where it 

appears as a defensive organ; and in treating of it as such I have given my reasons for 
not designating it as a quadriradiate spiculum (Plate .XXIII. fig. 38). 

BIANGULATED QUADRIRADIATE.-Having two radii projected from a common basal point, 
in one plane forming an angle of about 90?, and the other two projected in a similar 
manner in an opposite direction in a second plane at right angles to the first one. 
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This singular form is associated with the spiculated triradiate one in the skeleton of 
Halina Buckclandi, BOWERBANK, MS. (Plate XXIII. fig. 39). 

TRIFURCATED PATENTO-BITERNATE.-Consisting of a short stout shaft, each end being 
furinished with three short equiangular radii passing off at right angles to the shaft, and 
each having its termination trifurcated (Plate XXIII. fig. 40, a side view, and fig. 41 a 
view of one end of a spiculum). This singular form occurs in the tortuous excavations 
of probably a small annelid in a soft limestone, the sponge lining the cavities in a manner 
similar to Halichondria celata, JOHNSTON. The skeleton consists entirely of this singu- 
larly complicated form of spiculum: 1 am indebted to my friend Mr. THOMAS INGALL for 
a portion of the sponge. 

Connecting Spicula. 
The connecting spicula are not necessarily a part of the skeleton, they are a subsidiary 

portion of it occurring under special circumstances, in a few genera only, such as Geodia, 
Pachymatisma, and other sponges which have a thick crustated surface, which they 
serve to support and retain in due connexion with the mass of the animal beneath. 
The triradiate apices also serve to construct areas in which are situated the proximal 
orifices of the intermarginal cavities, which are imbedded in the crustated surface of 
the sponge. The normal form of these spicula is very different from that of the spicula 
which constitute the general mass of the skeleton, and they are far more complex and 

varied in their structure. They usually have a long, stout, cylindrical, or attenuated 

shaft, terminating either acutely or hemispherically at the base, while the apex is 
divided into three stout equiangular radii, which assume in different species a consider- 
able amount of variety as regards form and direction. The triradiate apices are usually 
cemented firmly to the inner surface of the crustated coat of the sponge, while the stout 
and elongated shaft is intermingled with and firmly cemented by keratode to the general 
mass of the skeleton. From the trifid nature of the apex, I have designated the seforms 
as ternate spicula, prefixing such terms as may best serve to distinguish them individually 
in accordance with their permanent variations from each other. The prefixed designa- 
tions of the spicula must necessarily in some measure be arbitrary, as the differences in 
the degree of the expansion of the radii cannot be strictly defined; and although the 

forms are well characterized in each species, yet even within these bounds a slight 
degree of variation, arising from the local necessities of the case, will occur. The ter- 
nate spiculum, therefore, as a general designation, may be said to be an elongate spicu- 
lum, with a triple apical termination. These spicula are not confined to the office of con- 

necting only, but are also found among the defensive ones, as will be hereafter shown. 

PORRECTO-TERNATE.-Having the terminal radii projected forward at an angle to the 

shaft of less than 45 degrees. 
The best type of this form is in Tethea cranium, JOHNSTON, where it is a defensive 

spiculum as well as a connecting one (Plate XXIV. fig. 10). 
EXPANDO-TERNATE.-Having the terminal radii projected forward at angles varying from 

45 to 60 or 70 degrees to the long axis of the shaft. Plate XXIII. fig. 42, represents 
2 R2 
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an attenuated spiculum from Pachymatisma Johnstonia, and Plate XXIII. fig. 43, a 

cylindro-ternate spiculum from the same sponge. 
PATENTO-TERNATE.---HIaving the terminating radii disposed at, or nearly at right angles 

to the shaft of the spiculum, the curves of the radii being usually more or less inclined 
backwards towards the base of the shaft. Plate XXIII. fig. 44, represents a spiculum 
from Geodia MHAndrewii BOWERBANK, MS. A new species from Vigten Island, coast 
of Norway. 

Patento- and expando-ternate spicula are both subject to variations dependent on the 
form of the shaft, which in some cases is attenuated from the apex to the base, where it 
terminates acutely; or the shaft is cylindrical, subfusiform or spinulate: in such cases, we 
should designate them as spinulo-expando-ternate, or otherwise, as might be requisite for 
accurate distinction of the form. 

RECURVO-TERNATE.-The terminating radii, recurved from about 100 to 140 degrees 
from the apical line of the axis of the shaft. The curves of the radii are always more 
or less inclined towards the base of the shaft of the spiculum (Plate XXIII. fig. 45). 
From Geodia Barretti, BOWERBANK, MS. Vigten Island, Norway. 

FURCATED ATTENUATO-PATENTO-TERNATE.-The radii of the ternate apex is not always 

simple; in some species, as in Pachymatisma Listeri, BOWERBANK, MS., a new species 
from Madeira, and in Geodia Barretti, BOWERBANK, MS., from Vigten Island, Norway, 
each of the rays have bifurcated terminations in the same plane as the primary radii, as 

represented in Plate XXIII. figs. 46 and 47, the former being erect, and the latter 

having the plane of the radii presented to the eye. From P. Listeri, BOWERBANK, MS. 
SPICULATED DICHOTOMO-PATENTO-TERNATE (Plate XXIII. fig. 48), is a still more com- 

plicated form, the radii of the bifurcations each terminating again dichotomously; but 
the secondary bifurcations are not all of them in the same plane as the primary ones, a 

portion of them being at right angles to it, and the shaft is also carried through the 
common central base of the whole, giving it a spiculated form, as represented in the 

figure. This prolongation of the shaft through the common base of the radii of the 
ternate spicula is not confined to the one described above, but it does not appear to be 
a normal form. 

I have never seen a quaternate spiculum associated with the connecting spicula, in 
which all the radii were equi-divergent; in all such cases three appear to represent the 
ternate type of spiculum, and the fourth, or supplemental one, is a continuation of the 
axial line of the shaft, which passes through the united bases of the ternate portion of 
the spiculum. I have therefore designated these forms as spiculated ternate rather than 

quaternate. 
These spicula are rather anomalous in their character. They frequently, but not 

universally, accompany the true connecting spicula; the ternate apices do not usually 
reach the under surface of the crustated coat; in Geodia Barretti and some other 

species, in which they occur but occasionally, they partially fulfil the office of con- 
necting spicula. There is a constant and striking difference in the proportions of the 
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true and the pseudo-connecting spicula, if we may so term them; the proportions of the 
former are generally stout and strong, while those of the latter are always long and very 
much more slender. 

SPICULATED PORRECTO-TERNATE.-IHaving three equidistant porrect terminal rays, and 
a fourth or central one in a line with the axis of the shaft (Plate XXIII. fig. 49). From 
Geodia Barretti, BOWERBANK, MS., from Vigten Island, Norway. 

SPICULATED RECURVO-TERNATE.-Having three equidistant recurved radii, and the cen- 
tral terminal one porrect in the line of the axis of the shaft of the spiculum (Plate XXIII. 

fig. 50). From Geodia Barretti, BOWERBANK, MS., from Vigten Island, coast of Norway. 
'rhe central porrect terminal ray is often more or less deflected from the axial line of 

the shaft, as in Plate XXIII. fig. 51; and occasionally, in the simple recurvo-ternate 

form, one of the three rays will be bent upward, even to a greater extent than is repre- 
sented in fig. 53; but these, it must be recollected, are but accidental variations in form. 

The shafts of the recurvo-ternate forms of spicula are much less in diameter than those 
of the patento or expando-ternate ones from the same sponge, and they are frequently 

very long and exceedingly attenuated. 

Prehensile Spicula. 
Spicula projected from a sponge as a means of attachment to other bodies.-I know 

of but one form of this description of spiculum, an exceedingly elongated, fusiformi- 
acerate one, with a stout recurvo-quaternate apex. It occurs at the base of Euplectella 
aspergillum and E. cucumer, OWEN. The long attenuated basal portions of the shaft 

being without spines, are incorporated with the longitudinal fasciculi of the skeleton, 
while the apical portions of them are projected from the base of the sponge, and 
embrace and hook on to any extraneous mass near which it may be situated; and this 
free portion is thickly beset with strong acutely conical spines, reflected at about the 
same angle and in the same direction as the radii of the quaternate apex, and to which 

they are auxiliary as prehensile organs; and as we proceed from the apex towards the 
central portion of the spiculum, the spines successively decrease in length, until at about 
one-third of the length of the spiculum from its apex they become obsolete. I am 
indebted to my friend Dr. ARTHUR FARRE for the specimen figured of this singular and 

interesting form of spiculum; and the only sponge in which they have been found in a 

perfect state, is the delicate and beautiful one designated by Professor OWEN Euplectella 
cucumer. They occur in great profusion, embracing the mass of matter at its base in 

every direction. I propose, therefore, to designate this form as an apically spined 
recurvo-quaternate spiculum (Plate XXIII. fig. 53: aj the apical portion of the spiculum; 
b, a portion from that part of the shaft at which the spines become obsolete). 

As a solitary instance of the occurrence of a spiculum, so singular in its form and so 
unusual in its application, and being, like the connecting spicula, to a considerable 
extent incorporated with the skeleton of the sponge, I have thought it advisable to 
describe it as an auxiliary form, rather than to consider it as the type of a class. 
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