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XXXIV. On the Organization of the Brachiopoda.
By Avupany Hancock, Hsq. Communicated by T. H. HuxiEy, Esq., F.R.S.

Received April 24,—Read May 14, 1857.

Havine been engaged for some time past in the investigation of the anatomy of the
Brachiopods, I beg to lay before the Royal Society the results of my labours; and I am
the more anxious to do so as some differences of opinion have arisen among naturalists
respecting the structure of these interesting animals.

Four years ago I had occasion to dissect Waldheimia australis, Terebratuline coput-
serpentis and Lingula anatina, and was then struck with the peculiar appearance of
the organs denominated hearts by Baron Cuvier, Professor OWEN, and all subsequent
writers on the subject. These so-called hearts seemed to me very unlike any molluscan
heart that had ever come under my observation ; and on attentive examination it became
evident that they give off no arteries as they had been described to do; and moreover
that their apices, from which the arteries were stated to pass, appeared to open exter-
nally. For these, and for other reasons, I was inclined to disbelieve in their cardiac
nature, and to regard them rather as oviducts.

I examined at the same time, with considerable care, the alimentary tube of the Tere-
bratulide, my attention having been particularly drawn to this matter by Mr. Woob-
WARD, who pointed out that the intestine appeared to him to terminate, not as described
by Professor OwEN, but within the visceral chamber. I found this to be the case; and
though I failed to demonstrate an anal outlet, yet was disposed to believe in the exist-
ence of a minute anal puncture, and thought the refuse of digestion might possibly
make its escape by the foramen of the peduncle. However this might be, it was quite
obvious that no anal aperture was situated in the pallial chamber in the two species
examined. In Lingula, indeed, the anus was easily observed, placed at the right side,
between the margins of the mantle. I also examined the muscular apparatus, and like-
wise the nervous system; and the complicated structure of the mantle was found to
invite further investigation.

Other and more urgent matters, however, at that time claimed my attention, and all
further inquiry into the structure of the Brachiopods was necessarily deferred. The
results obtained were nevertheless partially made known, and have to a considerable
extent been substantiated by the more recent investigations of Professor HuxLEy, who
in 1854 published a very important paper on the anatomy of the Brachiopods, in the
¢ Proceedings of the Royal Society.” In this paper the author arrives at the conclusion
that in Waldheimia and Rhynchonella there is no anus at all; but that the intestine
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792 MR. HANCOCK ON THE ORGANIZATION OF THE BRACHIOPODA.

terminates in a blind sac within the visceral chamber; that the so-called hearts give off
no arteries, and that they possibly open externally. Mr. HuxLEY also describes, for the
first time, a system of ramified peripheral channels, and two or three pyriform vesicles,
one of which is attached to the stomach, and is in connexion with a series of “ridges”
and “bands.” Some of these ridges are stated to pass from the so-called hearts to the
genitalia; and the whole apparatus is regarded as forming a portion of the circulatory
organs.

It is chiefly on the points thus raised by Professor HuxLEY and myself, respecting the
vascular and alimentary systems, that there is a difference of opinion,—Professor OWEN
maintaining the generally received belief in the existence of an anal aperture situated
in the pallial chamber in the Zerebratulide, as well as in Lingula; and that the so-
called hearts are true vascular centres propelling the blood through arteries to the
various organs.

Such being the case, a thorough investigation of the facts had become necessary. I
have therefore applied myself most diligently and earnestly to the subject, fully im-
pressed with a sense of the weight of authority opposed to the views I entertain in
common with Professor HuxLEY, and with the most anxious desire to establish the truth,
as it is of some importance that the anatomy and physiology of these, apparently, much
misunderstood animals should be accurately determined.

In a short communication which I made to the Meeting of the British Association
held at Cheltenham last year’, the results up to that time were specified, as far as they
related to the matters in dispute. On the present occasion, however, I shall not confine
myself to these points; but purpose giving in the following pages, as far as possible, full
and complete details of the entire anatomy of such of the Brachiopods as have come
under my observation. And here it must be stated that I should never have been able
to enter upon this subject, with any chance of success, had I not had at my command
an ample supply of specimens, and that I am indebted for this great advantage to the
liberality of Dr. Gray, Mr. WoopwarD, Mr. DavipsoN, Mr. HuxiLey, Mr. McANDREW,
Mr. ALDER, and Mr. LEckeNBY. My best thanks are therefore due to these gentlemen
for having placed at my disposal specimens of the following species:— Waldheimia
australis, W. cranium, Terebratuling caput-serpentis, Rhynchonella psittacea, Lingule
anatine and L. affinis®. 'These are the only forms that I have dissected, though I have
enjoyed the opportunity of seeing the animal, in a more or less perfect state, of one or
two other species, to which allusion will, occasionally, be made in the following pages.

The shells of the Brachiopods are now so well known that it would seem quite unne-
cessary to give here any detailed account of them. But it may perhaps be as well to
observe that they are formed upon two distinct plans, one having the valves articulated,
the other having them unarticulated. Waldheimia is a type of the former, Lingula of
the latter. Those with articulated valves have the hinge generally furnished with teeth
and corresponding sockets, which so lock the valves together, that their action is very

! Report of the British Association for 1856 ; Transactions of the Sections, p. 94. ? Note 1, p. 850.
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limited, and that on separating them fracture ensues. In the unarticulated forms the valves
do not move upon each other, for when open no part of their margins are in contact;
there is no hinge, properly so called, and like the former group their gape is extremely
limited ; at least such is the case in Cranda, which has been observed in a living state.

The two divisions of the Brachiopods thus indicated, at the outset of our inquiry, will
be found, as we proceed, still more strongly marked by their internal organization.

The valves, as generally acknowledged, are placed on the dorsal and ventral surfaces
of the animal; the imperforate being the dorsal, the perforate the ventral valve in the
Terebratulide and their immediate allies’. Thus that side which is delow when the
animal is attached by its peduncle is really the back. If this were ever doubted, the
discovery of the true heart, as we shall afterwards see, confirms the accuracy of Professor
OwEN’s determination of these points. In Lingula, the large valve, or that to which the
peduncle is attached, corresponds to the perforate or ventral valve of the Zerebratulide,
the small one to the dorsal.

To facilitate the examination of the soft parts, it is necessary to reduce the valves by
dissolving them in dilute acid. When the calcareous matter has entirely disappeared,
and the decalcified shell-membrane has been removed, the transparent tegumentary
envelope of the animal is exposed to view; and this, when placed in water, assumes
the form of the shell?2. The pallial lobes extend forward, but do not project beyond the
sides of the body, where they become united, the junction being marked by a groove,
bordered by a ridge on each side. They are very delicate and transparent, so that the
great pallial sinuses can be distinctly traced, even to their terminal ramifications; and
the genitalia, which lie within them, appear through their walls of a full yellow colour.
Towards the posterior or umbonal region the enlarged extremities of the shell-muscles
are always apparent, clustered together, on each side of the antero-posterior line, form-
ing reddish flesh-coloured patches. On the dorsal surface the liver is seen occupying
the space between the muscles, and on the ventral, the termination of the intestine
makes its appearance as a minute, circular point, immediately behind the central or
occlusor muscles in Waldheimia australis. In Rhynchonella it is seen in the same posi-
tion enlarged, rounded and doubled upon itself?.

On turning the pallial lobes back, the arms* are found to occupy almost the entire
pallial cavity, which is very extensive, reaching backwards for two-thirds the length of
the shell ; the posterior third being filled up with the body of the animal. The mouth
opens upwards, on the median line, in the brachial groove; and on each side of it, a
little below, in the anterior wall of the body, there is an opening which leads into the
abdominal cavity or perivisceral chamber. These orifices are situated at the apices of
the two elongated organs designated hearts by Professor OwWEN®. These so-called hearts

! Note 2, p. 851. ? Plates LII. and LIIL figs. 1, 2.

3 Plate LX. fig. 2. * Plate LV. figs. 1, 2.

5 Tntroduction to Mr. Davipson’s ¢British Fossil Brachiopoda,” published by the Palmontographical
Society, p. 14, 1853.
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794 MR. HANCOCK ON THE ORGANIZATION OF THE BRACHIOPODA.

are partially buried in the parietal membrane, and are generally seen shining through
of a yellow colour.

No anal aperture can be detected in any of the articulated Brachiopods that have
come under my observation, either at the point where the intestinal tube terminates or
within the pallial cavity, or anywhere else. Thus it would appear that in this group
there are three external orifices, two being at the apices of the pseudo-hearts, the third
is the mouth. In Rhynchonella', however, there are five openings, this genus having
four of the so-called hearts or oviducts, two of which are situated as in the Zerebratulide,
and two above the mouth, one being at each side of the liver.

In Lingula® the body of the animal is depressed, and occupies a much larger portion of
the shell-cavity than it does in either the Zerebratulide or Rhynchonellide. The pallial
lobes are rather stout; but the great sinuses are nevertheless distinctly seen through
their membranes ; they are not united behind, as in the articulated Brachiopods, but are
free and extend some distance from the body all round the posterior or umbonal region.
The body thus becomes well defined, the lateral walls being at right angles to the
dorsal and ventral. The two latter are very delicate, and so transparent that the viscera
are quite apparent through them, the liver and genitalia being the most conspicuous.
The lateral parietes are strong and muscular, and, having their edges attached to the
valves, give a definite form to the enclosed space, which is wide, rounded in front and
tapering backwards.

On turning back the ventral pallial lobe® the arms are observed occupying the greater
portion of the pallial chamber, which is about half the length of the shell. The mouth
is situated, as in the Terebratulide, in the brachial groove; and on each side of it, a
little below, are the ovarian outlets, which penetrate the anterior wall of the body. On
the right side of the animal, between the margins of the mantle, is placed the anal
orifice, which is very distinct and easily detected.

The best view of the viscera is obtained, in the articulated forms, by laymg open the
dorsal wall of the body, along the central line, from the umbo to the anterior wall. In
this way all the organs* are seen in their natural positions, lying within the perivisceral
chamber. The alimentary tube is observed extending from the front to the posterior
extremity of the chamber, the anterior portion, the stomach, being somewhat enlarged,
and partially concealed beneath the two lateral divisions of the folliculated liver. The
true heart, in the form of a rather large, pyriform vesicle, is appended to the dorsal sur-
face of the stomach; and on each side of the chamber, above and below, is an accessory
pulsatile vesicle. A little behind the heart, at the sides, are the oviducts, two large
funnel-shaped organs with laminated interiors,—the hearts of Professor Owen. The
four genital organs are placed at the sides, above and below, protruding, from the great
pallial sinuses, into the perivisceral chamber; and the various muscles are seen arranged
at each side of the alimentary tube stretching from wall to wall.

! Plates LV. fig. 8; LX. fig. 3. ? Plates LXIV. figs. 1, 2; LXVI. figs. 1, 3.
* Plates LXIV. fig. 8; LXVL fig. 2. * Plates LIL. fig. 10; LIIL fig. 5; LIV. figs. 1, 2.
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On removing the dorsal parietes in Lingula’, the alimentary tube is found to occupy
a central position as in the articulated tribes, the anterior portion being buried, as in
them, beneath the lobulated liver, which is rather bulky. On displacing the latter, the
heart is seen attached to the upper surface of the stomach, and the two dorsal genital
organs are entirely exposed, extending nearly the whole length of the perivisceral cham-
ber. At the sides and in front of these are the extremities of the muscles, and behind
are the convolutions of the intestine. The pseudo- or Cuvierian hearts are hidden below
the genitalia and muscles.

Having taken this general survey of the external and internal parts, we shall now
examine, in detail, the various systems of organs, beginning with that of the muscles.

MUSCULAR SYSTEM.

In the Brachiopods the muscular system is very complicated and peculiar in its arrange-
ment. Five or six pairs of muscles have been described in the Zerebratulide, all of
which have relation to the movements of the valves upon each other, or to their attach-
ment to, or movements upon the peduncle. Thus the muscles naturally divide them-
selves into two groups,—the valvular, and those for adjusting the shell to the peduncle.
Of the former there are three pairs, which have been denominated respectively adduc-
tors, cardinals and accessory cardinals; of the latter there are likewise three pairs, which
have deen designated the dorsal pedicle muscles, the ventral pedicle muscles, and the
capsular muscles. The capsulars, however, are generally blended into one, and in this
state they have been named “capsularis” by Professor OWEN®.

Before entering upon the description of these several pairs of muscles, it is necessary
to say a word or two on the names they have received, which do not appear satisfactory.
The epithets cardinal and accessory cardinal given to two of the pairs of valvular muscles
are objectionable, for they would seem to imply that these muscles presided exclusively
over the movements of the hinge, or that they are exclusively the muscles of the hinge.
They open the valves, the adductors close them. In this sense these, as well as the
others, might be called cardinal muscles, all being equally related to the hinge; but
surely it is improper so to name the first-mentioned muscles, and not the last. And as
to the attachment of the first-mentioned to the cardinal process, this should not entitle
them to be called cardinals any more than the dorsal pedicle muscles, which, being in-
serted into the hinge-plate, in most instances, would seem thereby to have equal claim to
the title. These epithets will therefore be discarded, and those of divaricator and acces-
sory divaricator substituted. The adductor muscles will be named the occlusors, the
present denomination not being sufficiently precise.

With regard to the pedicle muscles, these, as will be afterwards shown, having the
office of adjusting the shell to the peduncle, will receive the name of adjustor muscles.
This alteration is also rendered necessary because the capsular is really the peduncular
muscle, and will be so denominated.

! Plates LXIV. fig. 4; LXV. fig. 8; LXVI. fig. 1.
2 Introduction to DAvIDSON’s ¢ British Fossil Brachiopoda,” p. 8.
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In Waldheimia australis* the occlusors have their inferior or ventral terminations
placed close together, forming an elongated oval mass, which is attached to the valve
about one-third the length of the shell from the beak or perforate extremity on the
median line. From this point they pass diagonally upwards and forwards towards the
imperforate or dorsal valve, continuing united for some distance; they then separate,
and diverging laterally, become much attenuated and assume the form of tendons. Up
to this point they are firmly attached to the anterior wall of the body, but beyond it
become perfectly free. Fach muscle then almost immediately divides into an anterior
and posterior portion, which run parallel to each other, on either side of the alimentary
tube and liver, and on reaching the dorsal valve are each attached to it by a distinct,
much enlarged extremity, at a little distance from the median line. These two divisions
of the occlusor muscles have been denominated by Professor OWEN “adductor longus
anticus,” and “adductor longus posticus” respectively?, and in this paper will receive the
distinctive appellations of anterior and posterior occlusors. The former is considerably
the stouter, and the enlarged attachment of both are seen close together at the surface
of the body after the shell has been removed; they are of a pyriform contour, the
pointed end of the anterior and larger being inclined inwards and backwards, that of
the posterior in the opposite direction. All the four dorsal extremities are of a reddish
flesh-colour, resembling muscle; but with this exception, the muscles are throughout
dense, glistening and tendon-like, even including the enlarged ventral extremities.
These muscles are undoubtedly for the purpose of closing the valves.

The divaricator muscles arise from the ventral valve, one on each side, a little in
advance of, and close to the united bases of the occlusors. These extremities are large,
fleshy, and of a reddish-yellow colour; they rapidly diminish in size, and attain the
appearance of white, glistening tendons; and, having the intestine between them, con-
verge as they pass backwards and upwards towards the cardinal process, into which their
superior, attenuated extremities are inserted in close contiguity.

The accessory divaricators are a pair of small muscles which have their enlarged car-
neous ends attached to the ventral valve on each side of the median line, a little behind
the united bases of the occlusors, and the termination of the intestine is seen imme-
diately in front of them. At the surface of the body they appear as two oval reddish
discs, and they become, almost at once, reduced into flattened tendons, which, running
parallel to each other, incline upwards and forwards, course round the inner extremity
of the peduncular capsule, to the upper surface of which they become firmly united,
and as they advance blend some of their fibres with, those of the divaricators, and go
thus united with them to be inserted into the extreme point of the cardinal process.

The function of these two pairs of muscles is obvious enough; it is to open or divari-
cate the valves. The cardinal process projecting backwards beyond the hinge or ful-
crum formed by the teeth and sockets, when these muscles contract the process will be
drawn inwards, and consequently the anterior margins of the valves separated, the
action being that of a lever of the first order. This peculiar mode of opening the valves

' Plates LIL figs. 2, 10; LIV. fig. 1; LVIL figs. 1, 2; LXIL fig. 1, z Op. cit. p. 8.
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appears to have been first pointed out by Professor QuENsTEDT'; and this characteristic
feature of the articulated Brachiopods was commented upon and fully appreciated by its
discoverer. .

Though this is undoubtedly the primary function of the two pairs of divaricators, yet
as they are intimately united to the capsule of the peduncle, when in action they will
likewise pull it downwards towards the ventral valve, thus giving room for the cardinal
process to pass inwards, which it must always do when these muscles are in action.
And moreover, from the position of the ventral attachment of the accessory divarica-
tors, and from their coursing round the base of the peduncular capsule to their supe-
rior attachment, it is evident that whenever exerted they will have a tendency to thrust
out the peduncle. Thus the opening of the valves must always be accompanied by
an elevation of the animal upon its support, though this can never be to any great
extent.

The peduncle, being the medium by which the Brachiopod becomes attached to
foreign bodies, is the fixed point upon which the limited movements of the shell are
effected ; and the adjustor muscles, having one of their extremities attached to this
organ, may be considered as taking their origin in it. It will therefore be well, before
describing them, to examine the structure of the peduncle itself. This organ? is com-
posed of a dense muscular or semi-cartilaginous mass of a cylindrical form, with one
extremity exserted through the foramen of the ventral valve, and the other resting
within its umbonal region. The protruded extremity is protected by a thick, horn-like
covering of a brownish colour; it is short and stout, possessing little or no elasticity,
and has a fibrous expanded base of attachment. The inner extremity is enlarged, and
is received into a capsule, which is formed by the invagination of the tegumentary
envelope at the margin of the foramen. The peduncle is attached to the bottom of this
capsule, through which it sends a wide, narrow belt of muscular fibres, to be inserted
into the valve immediately behind the accessory divaricators. This muscle is short and
white, like the muscular portion of the peduncle, and appears at the surface of the tegu-
mentary envelope as a narrow, transverse, pale patch, extending almost across the um-
bonal region. This is, as previously stated, the “capsularis” muscle of Professor OWEN.
Its function, however, is not merely to attach the capsule, but is in an especial sense to
unite the peduncle to the shell, as proved by the homologous muscle in Lingule, and by
the direction of its fibres, which are the continuation of those forming the core of the
peduncle, or more properly the peduncle itself, running from one end of the organ to
the other. 'When in action, it will have the effect of erecting the shell and steadying it
upon the peduncle.

The movements of the shell, however, upon this support, will be chiefly effected by
the action of the adjustors, of which we have seen there are two pairs, the dorsal and

! «Teber das (Effnen und Schliessen der Brachiopoden,” WireMANN’s Archiv, vol.ii. pp. 220-222, pl. 4.
figs. 4, 5, 6, 1835.
* Plate LVIL. figs. 2, 3, 4.
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ventral. The former of these are attached to the ventral surface of the peduncle,

forming a dense mass by the intermingling of their fibres; they pass, one from each

side of the peduncle near its inner extremity and just above the origin of the peduncular

muscle, through the capsule forwards and upwards, diverging a little and having the

divaricators between them, to be inserted into the hinge-plate, one on each side, a little

in advance of the cardial process. At the point of insertion each seems as if formed of
two portions. These muscles, throughout their whole length, are yellowish, fibrous and

fleshy, and not much enlarged at their insertions. -

The ventral adjustors pass from the inner extremity of the peduncle, and penetrate
the capsule on each side, a little above the dorsal pair; they originate in a firm mass
cemented to the dorsal surface of the peduncle, very similar to that which connects the
other pair to this organ: the two masses give a bulbous form to the inner extremity of
the peduncle. At first the muscles are delicate and tendinous; but coursing down-
wards and forwards they rapidly enlarge and become attached to the ventral valve, one
on each side of, and a little behind, the expanded base of the divaricators. They form
the external pair of muscular discs seen, when the shell is removed, clustered together
towards the umbonal region of the ventral surface. These discs are of a reddish colour,
and in size and shape resemble those of the divaricators, being of an irregular oval
form.

The two pairs of adjustor muscles are evidently for the purpose of moving the shell
upon the peduncle, and to some extent are antagonistic to each other. When the dorsal
pair are contracted and the ventral relaxed, the shell will be depressed, and they elevate
it on this action of the two muscles being reversed. But their chief function would
appear to be, to rotate the shell from side to side; this will be effected by the right and
left muscles of each pair alternately contracting and relaxing. The shell will be firmly
fixed and the peduncle withdrawn to the fullest extent, when both these pairs and the
peduncular muscle are in a state of contraction.

The arrangement of the muscles is essentially the same in all the articulated Brachio-
pods that have come under my observation. There are, however, one or two rather
interesting modifications of detail, even in the Terebratulide, which require particular
notice. The first of these occurs in a species so like W. australis, that I took it, at first,
to belong to that form, but am now inclined to think that it must be distinct from it'.
In this® the divaricators and their accessories are united so as to form only a single pair,
the attachment of the muscle to the ventral valve extending all the way from the pedun-
cular muscle to considerably in advance of the occlusors. The connecting portion, how-
ever, is much attenuated, forming as it were a narrow neck of communication between

! It appears that more than one species is included under the name of dustralis. The specimen above
alluded to was very large and fine, with the anterior margins of the valves much and suddenly bent inwards,
and the ribs few and very large; it resembled figs. 25 and 28, plate 69, of the ¢ Thesaurus Conchyliorum’
of SOWERBY. :

? Plates LII. fig. 83; LIV. fig. 1; LXTII. fig. 4.
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the two, when the muscle is exposed at the surface of the body; thus seen, the extre-
mity has somewhat the shape of a battledoor; and the pair meeting behind almost
entirely enclose the occlusors and the terminal extremity of the intestine. Though thus
altered and combined into one, the function of this single pair of muscles will be exactly
the same as when divided into two, as the areas of attachment are not materially changed.
It will, in fact, open the valves and at the same time protrude the peduncle; but on
account of the combination, the two actions may perhaps be rendered more harmo-
nious, and probably somewhat invigorated.

Another and more important modification obtains in W. cranium and T. caput-ser-
pentis’. 1In these two species the dorsal adjustor muscles are not attached to a hinge-
plate, as in W. Australis, but have their insertions in the valve itself, and are very large
and powerful. In both species the superior extremities of these muscles are seen at the
surface-of the animal, on each side of the median line, elongated in the antero-posterior
direction, and extending between the occlusors almost as far forward as their anterior
margins. They are enlarged posteriorly, particularly in 7' caput-serpentis, in which they
are of an irregular form.

The divaricators and the accessory divaricators in W. cranium? are likewise united in
the same manner as in the species before alluded to.

The modification of the dorsal adjustor muscles cannot be of much importance in a
physiological point of view; it will, however, increase their power in proportion as the
area of their insertions is extended. Moreover, these muscles are largely developed as
well as the ventral pair. It would therefore seem probable that the movements of the
shell upon the peduncle, in these species, may be more extensive and livelier than usual.
But to the pal®ontologist, to whom the muscular impressions in fossils are of great
value, these modifications cannot fail to possess considerable interest, evincing as they
do to what extent the arrangement of the muscles may be modified without any essen-
tial change in the economy of the animal. In the dorsal valve there may be, as in the
above examples, as many as six muscular impressions instead of four, and in the ventral
there may be two less than usual; facts sufficiently puzzling without the light of anato-
mical investigation. It is also worthy of remark, that in those species with the dorsal
adjustor muscles attached to the valve there is no hinge-plate®; and therefore it may be
presumed that in the fossil species with this plate deficient the muscles will be arranged
in the same manner.

In Rhynchonella psittacea* the general disposition of the muscles is the same as in
W. australis, only they are longer and more slender, particularly the occlusors, which,
with the exception of their extremities, are thin and tendinous. The surfaces of attach-
ment also vary a little in form, as can be readily seen on removing the shell. The extre-
mities of the muscles are then observed, as usual, at the ventral surface of the animal,
clustered together, a little in advance of the umbonal region. The occlusors are almost

! Plates LIIL figs. 1, 8, 5; LXII. fig. 2. ? Plate LIII. fig. 4.
3 Plate LII. fig. 5. * Plates LX. figs. 1, 2; LXI. figs. 1, 2.
MDCCCLVIIL oM
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colourless, narrow and elongated, and have their anterior margins united on the median
line; posteriorly they diverge, leaving a space between them, in which the terminal
extremity of the intestine is seen. The divaricators are very large, and are placed
external to, and in contact with, the occlusors; they are broad and fan-like in front,
exhibiting radiating divisions, and meet on the median line, in advance of the occlusors.
Behind they are produced and pointed. The ventral adjustor muscles have their extre-
mities narrow and much elongated ; they rest against the external margin of the divari-
cators, are enlarged a little, and converge posteriorly. Unlike Waldheimia, there is here
a pair of peduncular muscles seen at the sides of the umbo, having between them the
accessory divaricators, which are of a somewhat triangular form. The dorsal termina-
tions of the occlusors present nothing remarkable in their appearance. All the extre-
mities of the muscles seen at the surface of the animal are of a yellowish-red colour,
except those of the peduncular muscles and the ventral terminations of the occlusors.

In the unarticulated Brachiopods, taking Lingula' as the type, the muscles are exceed-
ingly complex in their arrangement, even more so than in those already examined. In
all six pairs have been described, the whole of which, having both extremities attached
to the valves, might be denominated valvular muscles; but only a portion of them can
be looked upon as the equivalents of those so attached in Waldheimia. They have been
divided by previous writers into adductors and sliding muscles, the latter being again
subdivided into protractors and retractors.

It is necessary to alter these latter epithets, as they imply what appears to be a false
theory, namely, the sliding of the valves over each other; and as it is desirable to make
still further changes in the nomenclature, the names that the muscles have already
received are placed below, with those now proposed for adoption. The names of the
homologous muscles of the articulated Brachiopods are appended, so that the relation
of these organs in the two groups may be seen at a glance.

Names of homologous muscles

Names in use. Names proposed. of articulate Brachiopoda.
Anterior retractors . . . Anterior occlusors . . Anterior occlusors.
Anterior adductors . . . Posterior occlusors . . Posterior occlusors.
Posterior adductors. . . Divaricators . . . . Accessory divaricators.
Central protractors. . . Central ad(]lfstors . . }Ventral adjustors.
External protractors . . External adjustors . .

Posterior retractors. . . Posterior adjustors . . Dorsal adjustors.
Capsular . . . . . . Peduncular. . . . . Peduncular.

Anterior parietals.
Posterior parietals.

The anterior occlusors are a pair of stout muscles, of about equal thickness through-
out; they pass from the ventral valve, one at each side, in front of the visceral mass,
close to the lateral walls of the body, and a little behind the transverse centre of the

! Plates LXTI. fig. 3; LXIV. figs. 4, 5; LXV. figs. 2, 3.
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shell; inclining forwards and inwards, they go to be attached to the sides of the cen-
tral ridge of the dorsal valve, about one-third the length of the shell from the anterior
margin. The dorsal extremities are compressed, and have their sides in contact.

The posterior occlusors are rather stouter and much shorter than the anterior pair,
and go directly from valve to valve, parallel to each other, one a little on each side of
the longitudinal central line. They run internal to the anterior occlusors, and are just
sufficiently apart from each other to allow the passage of the alimentary tube, which
rises up between the anterior pair. The ventral extremities of the posterior occlusors
are placed a little in advance of the corresponding terminations of the anterior pair,
and the dorsal extremities of the former are situated a little behind those of the latter.
The dorsal ends of the posterior occlusors are partially encircled by the gastro-parietal
bands.

These two pairs of muscles are mainly instrumental in closing the valves, and there
can be little doubt that they homologically represent the occlusors of the articulated
Brachiopods. There are here, however, four distinct muscles; in Waldheimia we have
seen that the two pairs are blended at their ventral extremities. Both pairs in Lingula
are attached to a transverse fold of the anterior wall of the body, which is also the case
with the occlusors in the articulated species; and in them, and in Zingule, the cesopha-
gus is similarly related to these muscles. In the latter species the anterior occlusors
are inclined, and in this respect resemble the closing muscles of the Terebratulide, and
particularly the anterior pair, which are the more inclined of the two. The posterior
occlusors are peculiar in going direct from valve to valve; but that they are the homo-
logues of the so-named muscles in Waldheimia, appears proved by their relation to the
gastro-parietal bands, which is the same in both cases.

The divaricator, though forming a single mass, is really two muscles combined. It is
stout and short, and is situated at the posterior extremity of the perivisceral chamber,
passing directly between the valves, and having its attachments immediately within the
umbones: the extremities have a semicircular form, arched behind and slightly bifid in
front, indicating its double nature. This muscle is perhaps the equivalent of the diva-
ricators in Waldheimia, though it seems more likely that it homologically represents
only the accessory divaricators, which in position exactly agree with it. And that por-
tion of the intestine which corresponds to the intestine in the Zerebratulide, terminates
in front of it, at the ventral wall of the body, just as the intestine does in them.

The action of the divaricator is to approximate the umbonal regions, and thus, press-
ing forward the fluid in the perivisceral chamber, to open the valves in front. Other
muscles are, however, likewise employed to assist in this office. = The lateral walls® of the
body are thick and strong, being amply supplied with transverse muscular fibres which
pass from one valve to the other. The fibres are strongly developed towards the poste-
rior extremity of the chamber, where they form a thick inner layer. These may be
denominated the posterior parietal muscles. The walls of the anterior recess of the

! Plate LXVI. figs. 1, 3, 4.
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perivisceral chamber are also well supplied with fibres. In front a powerful muscular
band, in connexion with the parietes, extends along each side, above the oviducts, from
the anterior wall of the chamber to behind the dorsal extremities of the adjustors: these
are the anterior parietals. As the walls, with which these two sets of muscles are con-
nected, arch outwards when they are relaxed, it is evident that when in action they will
straighten the curvature, and thus diminish the capacity of the perivisceral chamber.
The posterior parietals will also assist in drawing together the umbonal regions of the
valves. Now when the divaricator muscle contracts and the anterior occlusors relax,
the fluid contained in this chamber will be pressed forward; the anterior parietals then
coming into play compress the space in front, and the lateral walls behind losing their
curvature and becoming firm and resistent, from the action of the posterior parietals,
the valves will be constrained to open anteriorly. This, there can be little doubt, is the
mechanism employed in opening the valves in Lingule; and it is probably the same in
all the unarticulated Brachiopods: we know that in Cranée and Discina the muscles are
arranged after the same plan, and the muscular impressions in the fossil species would
seem to indicate that in them also they were similarly disposed.

The pair of central adjustors are attached to the ventral valve, by fine points, between
the posterior occlusors in front; they are placed close together, one on each side of the
median line: sweeping round the inner border of these muscles they diverge posteriorly,
and, increasing in size as they go, ascend towards the dorsal valve, to which they become
adherent, one at each side immediately within the parietes of the body.

The external adjustors arise from the ventral valve, at the outside of the posterior
occlusors, and in contact with them; they are at first pretty stout, but on passing out-
wards and backwards they enlarge a little, and ascending are inserted into the dorsal
valve, one on each side immediately behind the central pair.

The posterior adjustors are large and powerful muscles, and though they may be con-
sidered as a pair, they are asymmetrical, there being two on one side, and only one on
the other. As they pass across from valve to valve they intersect each other, the single
one passing between the other two. These are the decussating muscles of authors.
The single one is as large as the other two put together, and is attached to the left side
of the ventral valve about midway between the divaricator and the anterior occlusor.
From this point it passes diagonally upwards and forwards between the reproductive
organs, having the alimentary canal above it; and on reaching the opposite side of the
dorsal valve, has the other end inserted into the latter, immediately within the posterior
terminations of the external and central adjustors of the same side. At the points of
attachment the three muscles are pressed so close together, that they appear, at first
sight, as only one.

The two opposite posterior adjustors take their origin from the rlght side of the
ventral valve, considerably apart; but both of them close to the lateral parietes of the
body, one only a little in advance of the divaricator, and the other a short distance
further forward. They converge as they penetrate the visceral mass, and, sloping
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forward, one on each side of the single muscle, with the alimentary tube above them,
they ascend to their insertion into the left side of the dorsal valve directly within those
of the external and central adjustors. Therefore, at this point, there are the termina-
tions of four muscles in close contact.

The three pairs of adjustors are apparently for the purpose of keeping the valves
opposed to each other,—of holding them adjusted; and in this respect they seem well
calculated to compensate for the deficiency of a hinge and condyles, which are entirely
Wantifxg in Lingula. The external and central pairs having their anterior extremities
attached to the ventral valve (which as it is fixed to the peduncle is that from which all
the muscles act) and their posterior ends to the dorsal, it is evident that they will pre-
vent the latter from being forced backwards; while the posterior adjustors having
their posterior terminations united to the ventral or fixed valve, and their anterior to
the dorsal, they will act in the contrary direction and guard against any pressure
forward. They will also at the same time prevent any lateral displacement of the
valves, as their diagonal position will enable them to act transversely as well as longi-
tudinally. And the external and central adjustors will, on account of their oblique
arrangement, likewise exert a similar double influence in front.

Indeed the attachments of the various muscles are so distributed around the margin of
the perivisceral chamber, that transverse, longitudinal and diagonal movements are alike
guarded against. And perhaps their true functions are best understood when thus con-
sidered in co-operation; it is then seen that they form a complicated complementary
system for the purpose of assisting in adducting the valves, their various points of
attachment and different inclinations being so arranged, that, in whatever state of action
they may happen to be, they will always keep the valves steadily and accurately opposed
to each other. When all these muscles are contracted, and the occlusors and divari-
cators co-operate, the valves will be forcibly held together and capable of resisting con-
siderable violence.

The adjustor muscles have had, however, a very different office assigned to them by
Cuvier! and OwEN?, and by all subsequent writers on the subject, who have denominated
them sliding muscles, believing that they were for the purpose of moving the valves over
each other, and thus opening them. And it must be admitted that they would seem
capable of performing the function attributed to them by these distinguished physiologists.
But it may be asked, where is the necessity, and what is the probability of the existence
of any such sliding motion? In the Lamellibranchs nature seems to have exhausted her
ingenuity in a variety of plans to prevent the sliding of the valves; and in. the articu-
lated Brachiopods we find extraordinary means adopted to attain the same end. In the
latter, the valves are not only not permitted to move over each other, but the teeth of
one are so locked into the sockets of the other that their gape is exceedingly limited,

! « Mémoire sur ’animal de la Lingule,” Mémoires pour servir & 'histoire et & I’anatomie des Mollusques,
1817. ;
? Lectures on Comparative Anatomy, 2nd ed. p. 489, 1855.
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as if it were necessary to avoid disturbing the internal parts by a too extensive action
even in this direction.

Now, the organization of Lingula is so similar to that of the Terebratulide as to make
it difficult of belief that all this precaution, to prevent the displacement of the valves,
should be necessary in the one case, and that in the other a special apparatus should be
provided to bring it about.. As Lingula is deprived of a hinge, teeth, and sockets, should
we not rather expect to find some especial means provided to compensate for such im-
portant deficiencies? And do we not see in the large development and complicated
arrangement of these muscles such compensation? This can hardly be doubted ; and in
corroboration of this opinion it may be stated, that Mr. BARRETT, who has had the
opportunity of observing Crania alive, states that it opens the valves by moving upon
the straight side as on a hinge without sliding the valve'.” This would seem almost
conclusive.

The homologues of the adjustor muscles cannot be determined with any great degree
of confidence, though it would seem probable that they represent the muscles so named
in the articulated Brachiopods. From their posterior position this might perhaps be
inferred, and the relation of the ventral terminations of the external adjustors to those
of the posterior occlusors, is very similar to the relation of the ventral adjustors to the
terminations of the occlusors in Waldheimia. It would therefore seem likely that the
external and central adjustors are the equivalents of the ventral adjustors of that genus.
It does not signify much that in Lingule these muscles are divided into two pairs; for
we have seen in Waldheimia the liability of the muscles to become double. If this
determination be correct, then the posterior occlusors will be homologous with the dorsal
adjustors of the articulated group. Mr. WooDWARD states, in his excellent Manual?, that
some of these muscles in Discina are probably inserted into the peduncle, and if so the
likelihood of this view of their homology would be greatly enhanced. It is therefore
most desirable that the muscular system of this genus should be fully investigated.

Before describing the peduncular muscle it is necessary to examine the peduncle itself.
This is enormously developed ; in one of the specimens dissected it was upwards of 9%
inches long; it is stout at the upper extremity®, but suddenly contracts at its junction
with the valve; below it tapers considerably. On making a transverse section*, it is
found to be cylindrical and a little flattened, with the walls formed of two thick con-
centric layers, as described by Dr. C. Voer in his paper on the Anatomy of Lingula®.
The external layer is homogeneous, semi-pellucid, yellowish, and horn-like; the inner
is opake, of a yellow colour, and is composed of longitudinal muscular fibres. This
muscular cylinder extends from end to end, and is rather abruptly constricted as it
approaches the ventral valve and is transformed into the peduncular muscle; the central
channel appears to be continued through the muscle, and is brought into communication

! Ann. and Mag. of Nat. Hist. vol. xvi. p. 257, 1855. ? Manual of the Mollusca, p. 237, 1854.
3 Plates LXVTI. figs. 6, 7; LXII. fig. 3. * Plate LXTT. fig. 10.
* “ Anatomie de la Lingula anatina,”’ Nouv. Mém. Soc. Helv. vol. vii. Neuchétel, 1845, 4to. plates 1 and 2.
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with the perivisceral chamber by a narrow passage which turns round the right side of
the divaricator muscle. But as the peduncle had been detached before the specimen
came into my possession, I cannot speak with certainty as to these points.

The peduncular muscle itself is rather small and short, and is transversely elongated;
it is formed by a continuation of the fibres of the muscular cylinder, and has its insertion
immediately within the umbo of the ventral valve and close behind the divaricator ;
thus in position it exactly resembles the same muscle in the Terebratulide, and originates
in precisely the same manner.

- The wall of the peduncle is united to the external surface of the pallial expansion at
the umbonal region; and just within the margin, a slight fold', which is a little wider
than the peduncular muscle, indicates a rudimentary capsule. This organ would at
once be formed if the mantle were invaginated at the fold, the peduncle thrust a little
inwards, and the attachment of its muscle advanced. In this case the divaricator would
also have to be pushed forward, and the adjustors becoming confounded with the
peduncle and its capéule, the muscles of Lingula would, to a great extent, assume the
arrangement of those of the Terebratulidee.

The brachial and pallial muscles still claim attention; but these will be more con-
veniently described when we come to speak of those parts.

The muscles in the ZTerebratulide and Ehynchonellide are peculiar for their enlarged,
fleshy extremities, and for the attenuated, tendinous character of their intermediate
portions®.  The extremities® are mostly of a yellow flesh-colour, and are comparatively
soft, with the fibres arranged in separate radiating bundles; so that a needle may be
passed between them almost as far as the centre of the muscle. The tendinous portions
are dense, white, glistening, firm and rigid, and are permeated with blood channels, the
larger of which run in the direction of the length of the muscle. On making a trans-
verse section of the occlusors in W. australis, several such channels are observed; some
of considerable size, with others branching in various directions containing blood-cor-
puscles. Amidst the fibres of the enlarged extremities similar corpuscles are strewed
‘about. The fibres easily separate from each other; they are cylindrical, homogeneous,
transparent and devoid of cross strie®, with the exception of those of the posterior occlu-
sors, in which transverse striations® are vividly displayed, and give to them a very striking
appearance. The fibres® are generally formed of three, four or more fibrillee ; but single
fibrillee are frequently observed perfectly isolated, in which the cell-like structure is beau-
tifully distinct. It will afterwards be seen that these muscles, with cross strie, are richly
supplied with nervous filaments.

The muscles in Lingula’ are fleshy and of equal thickness throughout, with the single
exception of the central adjustors, which taper to their ventral attachments. The
bundles of fibres, though very distinct, are not separated as in the Zerebratulide, and in
no instance did the fibres display transverse striee.

! Plate LXVI. fig. 2. * Plates LVIL figs. 1, 2; LXI. figs. 1, 2.
3 Plate LXIL figs. 4, 5, 14, 15. + Plate LXIL figs. 8, 9.
5 Plate LXIL. fig. 6. ¢ Plate LXII. fig. 7. 7 Plate LXV. figs. 2, 3.
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ALIMENTARY SYSTEM.

It will be convenient to commence the description of the digestive apparatus with
that of the brachial appendages,—those beautiful and complicated organs so charac-
teristic of the Brachiopoda,—not from any conviction that they are essentially portions
of this apparatus, but from their connexion with the sustentation of the animal, and
from their position at the commencement of the alimentary tube, it seems the natural
course to pursue.

These organs are variously modified in the different families, and in the Zerebratulide
are supported upon a calcareous loop, in connexion with the dorsal valve, more or less
developed in the different species. In Waldheimia this loop' originates in the hinge-
plate in two necks or processes,—the crura, from which two points project downwards,
called the crural processes. The upper or dorsal members of the loop, passing from
these two lateral necks, stretch forward for about two-thirds the length of the valve,
then bend towards the ventral valve, and turning back upon their course, are united
across the median line a short way in advance of the crural processes. The lateral por-
tions of the loop are curved a little outwards. The whole of this calcareous support,
including the crura and crural processes, is a product of the inner lamina of the dorsal
pallial lobe. This lamina, with the exception of a portion at each side, which is con-
tinuous with the similar lamina of the ventral lobe, forming with it the anterior wall of
the perivisceral chamber, is turned downwards and forwards, and extends as far as the
transverse portion of the loop. It then divides into two lobules, one passing to the
anterior extremity of each of the lateral portions of this calcareous support, binding
together the dorsal and ventral members. The loop in its sinuous course follows the
margins of this bifurcated pallial process, and lies imbedded in its substance.

The arms® themselves taper to fine points, having taken their origin at each side of
the mouth, which is situated at the back of the pallial chamber in a central position,
opening downwards. They pass outwards and forwards in connexion with the calcareous
loop and the pallial lobules, running along the outer edge of the dorsal member of the
former; they then turn back upon the reflected or ventral part ofit, and on reaching the
transverse portion bend inwards and doubling sharply upon themselves, again advance
and go to form two vertical spirals turned towards the dorsal valve. The spirals are
placed parallel to each other, and throughout the coil, consisting of two or three turns,
they are united across the median line by a rather wide, stout, semi-cartilaginous mem-
brane, which is attached behind to the transverse portion of the loop.

The arms are normally composed of a membranous tube or canal bearing a semi-
cartilaginous grooved ridge®. The latter stretches from end to end of the former, and
gives support to the fringe of cirri. As far back as the commencement of the spirals
the arms are as above stated; but for the entire length of the lateral portions of the
loop, where the arms are doubled upon themselves, and where, of course, two tubes or
canals might have been expected, there is only one, the two having, as it were, coalesced.

! Plate LIL. figs. 4, 5. * Plates LV. fig. 1; LVIL fig. 2. # Plate LVI. fig. 8.
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These large canals at the roots of the arms are continuous with those of the spirals, and
terminate in blind sacs, one at each side of the cesophagus, close to the mouth. On
making a transverse section of this part of the arm’, the enlarged terminal portion of the
brachial canal is seen connected with the external edges of the dorsal and ventral
members of the loop; and the pallial lobule, stretching between the inner edges, forms
a sort of flattened inner tube. This inner tube opens widely into the perivisceral
chamber, is in fact a prolongation of this chamber, and terminates at the anterior
extremity of the lateral portion of the loop, forming what may be designated the bra-
chial pouches.

At the proximal extremity of the arms the semi-cartilaginous grooved ridge is continued
across the median line®. The cirri are inserted into an elevated base behind the groove,
and in front of the latter there is a stiffish membranous fold, which runs along with it
and the cirri to the distal extremity. This brachial fold rising from the edge of the
groove forms it into a deep, narrow gutter, within which the mouth is situated at the
posterior junction of the arms, the cirri of course being behind, the fold in front. The
cirri are, there can be little doubt, clothed with vibratile cilia as in the Polyzoa, and the
currents they excite will draw the nutrient molecules down into the gutter, along which
they will be hurried to the mouth, the gutter itself being undoubtedly likewise ciliated.

The cirri are very fine, somewhat compressed on the contiguous sides, stiff and rigid
towards the base, and tapering and delicate towards the tips, which are rounded; they
are close-set and arranged in a double series, the cirri in each alternating. Hitherto
they have been generally described as forming only a single series; but this is a matter
of such easy demonstration, a single transverse section® of the arm being sufficient to
prove that there are two, that it is difficult to understand how it ever came to be asserted
that there was only one. The series is double throughout, not only in W. australis,
but in all the other Brachiopods which have been examined on this occasion, namely,
T/V. cranium, Terebratulina caput-serpentis, Rhy J?@Okonella psittacea, Lm_qula anating,

L. affinis, and Crania anomala.

The cirri are undoubtedly contractile to some extent, and are also endowed W1th thev
power of motion individually, as proved by the observations of Mr. BArrerT*. It would
likewise appear that the entire fringe of cirri can be elevated or depressed, there being
ample means provided for the purpose. The walls of the brachial canal are tolerably
well supplied with delicate muscular fibres, which run diagonally round the tube,
and are most strongly developed towards the sides near the grooved ridge. An indi-
stinct band of exceedingly delicate, longitudinal fibres may also be observed nearly
opposite to it. I have, however, completely failed to discover anything like the double
spiral arrangement of fibres described by Professor OWEN®, either in Waldheimia or
Rhynchonella, and cannot but believe that this distinguished anatomist has been misled
by the blood-sinuses, which are very numerous in the wall of the brachial canal, form-

! Plate LVL. fig. 2. ? Plate LV. figs. 1, 2. 3 Plates L'VI. fig. 83; LVIIL. figs. 1, 2.
* Op. cit. 5 Introduction to Davipsox’s ¢ British Fossil Brachiopoda,’ p. 10.
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ing minute channels which run diagonally across the muscular fibres. And this belief
is in some measure confirmed by the fact, that no mention is made of this beautiful
and remarkable system of sinuses in any of the several memoirs on the subject published
by that observer.

From the feeble nature of these brachial muscles it does not seem likely that in
Waldheimia the spiral portion of the arms can be unrolled. The true function of the
brachial canal would seem to be to sustain the grooved ridge bearing the cirri. As
the canal is a closed tube, and as it undoubtedly contains fluid, a very slight contraction
of its walls will render it firm and rigid. The coil may also, perhaps, be loosened a
little by the same action; thus giving greater freedom to the cirri. The grooved ridge
will in this way become firmly seated, so that its movements may be regulated with
precision. These are effected by a very complicated piece of mechanism, which is
rendered obvious on making a transverse section of the part, when the substance of the
ridge is found to be fibrous, and the fibres to be arranged in several distinct groups'.
One of these groups is situated at the outer margin of the base supporting the cirri, and
has the fibres extending from these organs downwards. This is for the purpose of
drawing back or elevating the fringe. A belt of similar fibres passes from the inner
margin of the cirri, and running downwards, arches conformably with the groove, and
passes up the inner side of the brachial fold. These fibres will contract the fold and
draw it towards the cirri, thus narrowing the gutter. Another distinct group of fibres
passes from this circular belt and the outer wall of the brachial fold, and descends to
the lower surface of the ridge, where there is a thin stratum of muscular fibres. The
action of this group will be to pull the fold forward from the cirri; and also when fully
exerted to draw the cirri themselves forward, depressing them. The thin stratum of
fibres will probably assist in the latter act.

The arms of W. cranium and T. caput-serpentis® are disposed in the same manner as
in W. australis; and in the former the calcareous loop is precisely similar to that of the
latter; but in 7. caput-serpentis it is very much reduced, the extended lateral portions
having almost entirely disappeared, little more than the transverse portion existing;
and this, together with the crural processes, which are united below across the median
line, forms a collar upon which the bases of the arms rest. In this species, therefore,
the expanded lateral portions of the arms are without any apophysary support, and
accordingly other means are provided for sustaining them. The two produced lobules
of the dorsal pallial lobe reach to the ends of these portions of the arms as in
W. australis; and are stiffened with numerous, imbedded, calcareous spicula to such an
extent, that when the soft tissues are removed by maceration the form of the parts

remains unaltered. The spicula extend also over the surface of the inner lamina of the
~ pallial lobe, and pervade likewise the walls of the canal, and even the cirri; so that the
brachial apparatus becomes firmly fixed, and in this way a substitute is found for the
usual apophysary support. ‘ ‘
! Plate LVIIL. fig. 2. ‘ ? Plate LV. fig. 2.
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The arms of R. psittacea are' totally deprived of calcareous support except at their
origin, where they are sustained by the two hinge-processes, or oral laminz, the points
of which reach as far forward as their external margins. They fill up the greater
portion of the pallial chamber; and in their arrangement accurately resemble the
calcareous spirals of Atrypa reticularis, a Silurian fossil, only their approximate sides
are not flattened. The arm throughout is composed of a slightly depressed tube or
canal, carrying along its outer margin the semi-cartilaginous grooved edge, bearing the
fringe of cirri as in W. australis. 'The brachial fold in front of the groove is largely
developed, and completely overlaps it. The tube or great brachial canal terminates at
the side of the cesophagus in a delicate membranous sac of no great extent, which pro-
jects into the perivisceral chamber, as first noticed by Professor HuxLey. The use of
these sacs is not obvious, though perhaps they may be in some way connected with the
limited movements of the arms; or it is not altogether unlikely that they are for the
purpose of increasing the surface through which the fluids contained in the canal and
chamber may act upon each other.

The parietes? of the great canal are somewhat stouter than in W. australis; the mus-
cular fibres, however, are arranged in the same manner as in it, but are more numerous,
particularly the longitudinal ones, which form a well-defined band towards the proximal
extremity of the arm. There is not here, any more than in the Terebratulide, any trace
of a double spiral disposition of fibres; nor is there any more reason to suppose that the
brachial organs can be unrolled. The primary, if not the only, use of the contractility
of the walls of the great canal, would appear to be, in Rhynchonella as well as in Wald-
heimia, to reduce the calibre, and by the pressure of the contained fluid to stiffen the
organ so that the grooved ridge and cirri may be brought into play. A slight opening
of the coil most likely takes place, and the band of longitudinal fibres seems to indicate
that the first coil, at least, may be to some extent drawn in, and thus perhaps the whole
brought closer up to the posterior wall of the pallial chamber. But it must not be
overlooked that longitudinal fibres appear necessary to the complete action of those
destined to compress the canal by preventing any tendency to the unrolling of the coil.

Professor OWEN, however, has expressed an opinion that the multispiral arms of
Rhynchonella and Lingule can be unrolled and thrust out of the pallial chamber; and
that in the latter genus they probably assist in opening the valves; likewise that the
coiled portion of the arms of the Terebratulide can be so far unrolled, as in like manner
to react upon the closed valves of the shell®. Such an opinion seems scarcely tenable.

. A large development of the brachial apparatus seems necessary in the economy of the
animal, and the various ways in which it is folded up and disposed within the pallial
chamber are only so many methods of arranging within a limited space the requisite
extent of organ. And thereis sufficient proof, in several fossil genera, that the unrolling

! Plates LV. fig. 3; LX. fig. 3; LXT. fig. 2. * Plate LX. fig. 9.

3 Trans. Zool. Soc. vol. i. p. 150, 1835 ; and Introduction to Davrpson’s ¢ British Fossil Brachiopoda,’
pp- 10, 11.
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of these organs is not essential to the performance of their functions. In Aérypa, for
instance, in which the arms were rolled exactly as in Rhynchonella, the calcareous sup-
port prohibited not only the unrolling, but any movements whatever of the coil. It
would therefore certainly be erroneous to conclude that in the latter it is necessary to
the due exercise of their function, that they should be thrust unrolled out of the shell.
Such an opinion can only be maintained on the ground that a special apparatus is pro-
vided for the purpose, or that direct observation shows it to be correct. "We have seen,
however, in this form, that no such apparatus is really in existence; and with regard to
obsei*vation, we have the evidence of Mr. BARRETT', who had frequent opportunities of
examining the animal alive, but never saw the arms in the least degree protruded.

That the arms are instrumental in opening the valves is equally improbable, as special
means are provided for this purpose in both the articulated and unarticulated Bra-
chiopods.

In Lingule anatine the brachial organs? are strong and fleshy, and rise from the back
of the pallial chamber in the usual manner. They are entirely without calcareous
support, even at their origin; and form two spiral coils, with six or seven turns
each, directed inwards and upwards. The arms are very thick at the base, taper more
suddenly than in the articulated species, and terminate in fine points. On making a
transverse section® they are found to differ in organization from those of Rhynchonella, to
which, externally, they bear the strongest resemblance. Instead of one, as in that genus,
there are two great brachial canals, which may be denominated respectively the anterior
and the posterior. The former is the equivalent of the great canal in the other Bra-
chiopods, and, like it, terminates at the side of the cesophagusin a blind sac. It is pretty
regularly cylindrical, with the walls excessively thick, being composed, for the most
part, of a white cartilage-like substance, which is most developed towards the side oppo-
site the cirri. These latter organs are supported upon a semi-cartilaginous grooved
ridge, which is very similar to that in Waldheimia, and in like manner supplied with a
very ample brachial fold. Muscular fibres are also provided for the movements of these
parts; but the fibres, though very similarly arranged, are not so extensively developed.
This canal is lined with a muscular stratum, the fibres of which run in a transverse
direction in the vicinity of the brachial fold; elsewhere they are longitudinal or slightly
diagonal.

The posterior canal is much flattened, and stretches along the inner surface of the
arm, extending from the base of the cirri half-way round it. This canal has the appear-
ance of being formed by a process of the pallial membrane similar to that which extends
along the lateral portions of the loop in Waldheimia. Theé posterior canals of the two
arms terminate at the sides of the cesophagus behind the anterior canals, and are sepa-
rated from each other by a considerable space, which is divided on the median line by a
delicate, membranous septum. The two chambers thus formed communicate with the
perivisceral cavity, by two small oval orifices* placed one on each side of the septum ;

' Op. cit. ? Plate LXIV. fig. 8. # Plate LXV., figs. 7, 8. * Plate LXVL. fig. 4.
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these orifices open into the cavity close behind the cesophagus, and directly above a
transverse fold of the anterior wall of the body. It is not altogether unlikely that these
chambers likewise communicate with the posterior canals, but I have failed to ascertain
the fact; and Voar' also states that the two canals of the arm are cut off from the
perivisceral cavity. Above the orifices there is another delicate membranous fold or
flap, which seems capable of closing them by being pressed down against the parietal
fold, to which the occlusor muscles are attached, acting in the manner of a valve.

The membranous wall of the posterior canals is composed of two layers, an outer
homogeneous, and an inner muscular layer, each having its proper epithelium. The
fibres of the latter layer run, for the most part, diagonally across the canal, becoming
transverse towards the part furthest from the grooved ridge. Here there is also pro-
jecting into the canal a stout muscular band of a brown colour with the fibres longi-
tudinal, and extending the whole length of the organ. Throughout it is firmly attached
to the wall of the canal, and terminates at the root of the arm.

The additional mechanism in connexion with the arms of Zingula undoubtedly implies
some peculiar function; and in this genus it may be fairly inferred that the brachial
organs are capable of being evolved, if not entirely, at least to a considerable extent.

The posterior canals, which are only found in Léngule, appear to be the principal
agents in this operation. These will be able to act without interfering with the
movements of the grooved ridge and cirri; when their walls are contracted and the longi-
tudinal muscular belt relaxed, the fluid, which they undoubtedly contain, will cause the
arms to uncoil, and on the walls relaxing and the muscle coming into play, they will
again be withdrawn and coiled up. But the animal must be seen in a living state
before it can be ascertained to what extent these organs are unrolled and protruded.

This appears to be the explanation of the action of these parts; but whether exactly
correct or not, it seems clear enough that the arms of Lingula have the power of
extension in a greater or less degree. And from the deficiency, in the Zerebratulide
and Rhynchonellide, of the apparatus here employed, it may safely be concluded that in
them the brachial organs are deprived of any such movement.

The anterior canals in Lingule will perform the same office as the great canals do in
the other Brachiopods; that is, they will give firmness to the parts, so that the cirri and
brachial fold may be brought into play. When the arms are retracted, the walls of
these canals, which it will be remembered are closed tubes, will relax a little to relieve
themselves from the pressure of the contained fluid; when they are extended the walls
will contract to maintain the required pressure. Thus the cirri and brachial fold will
be under the control of their proper muscles, however much or little the arms may be
extended.

The arms of L. affinis® are perfectly similar to those of L. anatina, only the thlckened
portion of the wall of the anterior canal is much more limited.

The mouth?®, in all the Brachiopods, as previously stated, is situated in the brachial

v Op. cit: ? Plates LXV. fig. 6; LXVI. figs. 2, 3. # Plates LV. figs. 2, 8; LXIV. fig. 8.
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groove, at the posterior junction of the arms, and is a simple, oval, transverse slit, or
orifice devoid of any armature. In W.australis there is, however, a slight bulging out
of the posterior wall immediately within the orifice, which is somewhat like the valvular
appendage in Plumatella, and may perhaps assist in swallowing. The alimentary tube*
assumes the form of a siphon bent in the vertical plane, the arch turned towards the dor-
sal valve; the cesophagus represents the short, the stomach and intestine the long arm.

The cesophagus is of no great length ; it is depressed as it passes through the wall of
the body, and is afterwards slightly compressed; it ascends from the oral aperture,
having the points of the crural processes on each side behind, and, inclining backwards,
passes between the occlusor muscles; at some little distance from the dorsal valve it
suddenly bends backwards and downwards, and opens into the anterior extremity of the
stomach, which is of an elongated form, somewhat wider than the cesophagus, and
about as long. The stomach contracts gently behind towards the intestine; this latter
being at first about as thick as the commencement of the alimentary canal. It con-
tinues to descend at the same inclination as the stomach, and tapering downwards passes
between the divaricator muscles towards the ventral valve, immediately behind the
termination of the occlusors, and in front of the accessory divaricators, where it termi-
nates in a rounded point. This point*® is attached to the parietes, or lining membrane
of the perivisceral chamber, and is imperforate ; consequently there is no anal outlet in
this species.

The walls of the whole canal are exceedingly firm; they never collapse, and are pro-
vided with a fibrous outer coat, and an inner mucous membrane. In the cesophagus the
latter is comparatively delicate, and is raised into a few, not very conspicuous, longitu-
dinal folds®; in the stomach the plications have also a longitudinal tendency; but they
are not numerous, and are somewhat broken up into irregular ruge. The lining mem-
brane is exceedingly thick in the intestine, and is produced into four or five very large,
longitudinal plaits?, which project almost as far as the centre of the channel. The fibres
of the muscular coat of this portion of the alimentary canal are transverse. The whole
of the mucous membrane is extremely friable, and is consequently rarely observed entire,
especially in the intestine, where, unless the specimens be in a good state of preserva-
tion, it is always broken up, and escapes, in fragmentary masses, on opening the tube.
The specimens examined by Professor OWEN must, in this way, have lost the lining mem-
brane, or the *“ muco-epithelial lining”’ could never have been described as * disposed in
very delicate transverse plates®.” And indeed the illustrative figure seems to prove this.

The liverS, of a greenish colour, is composed of a congeries of ramified cwcal tubes; it
lies between the dorsal extremities of the occlusor muscles, concealing the greater por- -
tion of the cesophagus and stomach, and is divided into two lateral portions, one on each

! Plates LIL. fig. 10; LVL fig. 1; LVIL figs. 1, 2, ? Plate LIV, figs. 8, 9.

* Plate LV, fig. 6. * Plate LIV. figs. 10, 11,
* Introduction to Davipson’s ‘British Fossil Brachiopoda,” p. 18. pl. 1. fig, 4.

¢ Plates LIL figs, 1, 10; LVIIL. figs. 1, 2.
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side of the alimentary tube, by a membrane denominated the mesentery. Fach portion
is subdivided into an anterior and posterior lobe, which pour their secretion through the
dorsal wall, into the cardiac end of the stomach, by two or three short, distinct ducts,
which are formed by the confluence of the various ramuscules' composing the lobes.
The terminal cecal extremities of the tubes are rounded, and as seen at the surface,
generally give to the organ the appearance of being made up of globules. The parts,
though closely pressed together, are not united, each ramuscule and tube being free.
The anterior lobe is much the larger, and extends in front below, into the commence-
ment of the brachial pouches; and above, as far as the opening of the central pallial
sinus; the posterior extremity extends below the stomach, reaching backward beyond
the pyloric termination. The posterior lobe lies on the dorsal surface of the stomach
behind the anterior lobe, and reaches as far backward as the gastro-parietal band.

It has been already stated that the alimentary tube is composed of an inner and an
outer membrane; these are its proper walls; there is, however, another membrane
external to both, sheathing the entire tube very closely throughout, except at the ante-
rior extremity of the cesophagus. This sheath gives off several delicate membranous
bands, which go to the parietes of the perivisceral chamber, suspending the alimentary
tube in its centre. These bands have been named respectively by Professor HuxLEY?,
who first described them, the mesentery, the gastro-parietal and the ilio-parietal bands.

The mesentery is divided into two portions, the dorsal and ventral ; the latter extends
from the lower or anterior face of the intestinal tube and stomach, to the posterior face
of the cesophagus and the confluent extremities of the occlusor muscles, and passes above
the lower portion of the intestine as a narrow free edge. The dorsal portion extends
from the dorsal face of the stomach and anterior wall of the chamber to its upper wall,
running along from end to end of the septum of the dorsal valve. The mesentery,
therefore, sustains the alimentary canal in the vertical plane, and together with it
divides the anterior portion of the chamber into lateral halves.

The gastro-parietal bands are three in number, two lateral and one median. The
lateral ones pass from the sides of the stomach, ascending outwards and forwards to the
dorsal extremities of the posterior occlusor muscles, around which they form an imper-
fect sheath. The median gastro-parietal band has hitherto escaped notice; it originates
at the upper surface of the stomach, between the lateral pair, and passes upwards and
backwards to the dorsal wall, a little in advance of the hinge-plate; it is very short.
All these three bands originate in a ridge which stretches from side to side of the dorsal
aspect of the stomach.

The ilio-parietal bands are prolongations of two narrow lateral expansions, which
extend from the sides of the stomach to some way down the intestine; they pass out-
wards and upwards, and go to the sides of the chamber a little below the junction of
the two pallial lobes. These bands give support to the inner portion of the peculiar
organs denominated hearts by Professor OwEN.

! Plate LVIIL figs. 9, 10. * Proceedings of the Royal Society, vol. vii. pp. 109, 110 (1854).
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It will afterwards be seen that these bands, in connexion with the alimentary canal,
have more important functions to perform than that of merely suspending it in the
perivisceral chamber.

The digestive organs are so similar in the other two species of the Zerebratulide
which have been examined, that it is not necessary to say much in respect to them. In
T. caput-serpentis' there appears to be only two hepatic ducts, and both in it and in
W. cranium?® the intestine is very short, terminating in a blind sac before it reaches the
ventral wall of the perivisceral chamber. It tapers gradually to a point which is
rounded, and suspended in its place by the mesentery®. The mucous membrane, lining
the intestinal tube of W. cramium, is exceeding thick, and produced into five or six
excessively stout, longitudinal folds, which in transverse section* exhibit a pyramidal
contour, their apices almost meeting in the centre of the tube. In 7. caput-serpentis
the lining membrane is also very thick; but from the state of the specimens examined
the character of the plaits could not be determined.

In R. psittacea the disposition of the alimentary canal® is the same as in the Terebra-

tulidee. The cesophagus is, however, considerably longer than in Waldheimia, the mouth
approaching much nearer to the ventral valve. The liver® is larger than usual, and the
biliary secretion is conveyed through the lateral walls of the cardiac extremity of the
stomach by four short ducts, two at each side, one being placed a little in advance of
the other.
- The intestine is rather long and gradually tapers downwards. On reaching the ven-
tral valve, directly behind the extremities of the occlusor muscles, it turns backwards
and upwards, and, detaching itself from the mesentery, advances a little, and terminates
in a much enlarged, rounded extremity, which inclines to the right or left, varying in
this respect in different individuals. The termination projects freely into the centre of
the perivisceral chamber, and here, as in the Zerebratulide, there is no anus; the bul-
bous enlargement? is entire, exhibiting no opening whatever. This is perfectly obvious
in Rhynchonella psittacea, in which the facilities of examination are comparatively great,
on account of the terminal portion of the intestine being free and projecting into the
perivisceral cavity. I have, nevertheless, made every endeavour to find an anal perfora-
tion, both in this and in the Zerebratulide. 1 have made numerous dissections under a
powerful doublet ; I have removed the part and examined it with the microscope ; I have
filled the tube with fluid as a finger of a glove with air, and by pressure have attempted to
force a passage; I have tried injections; but have equally, on all occasions, failed to dis-
cover an outlet, and have only succeeded in demonstrating more and more clearly the
cecal nature of the terminal extremity of the alimentary canal. Therefore, how much
soever it may be opposed to analogy and to authority, the fact must be recorded—there
is no anal orifice in Waldheimia, in Terebratulina, ox in Rhynchonella.

In Rhynchonella the gastro-parietal and ilio-parietal bands, particularly the latter, are

! Plate LIIL. fig. 5. * Plate LIV. fig. 2. - 3 Plate LIV. figs. 3, 4. + Plate LIV. ﬁgs'. 5,6,7.
? Plate LXI. figs. 1,2. ¢ Plate LXTI. figs. 8,4. 7 Plate LX. figs. 4, 5
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longer than in Waldheimia. The last-mentioned bands, too, are united across the
intestine, their posterior margins being continuous and free. And not only these, but
the gastro-parietals likewise sustain the inner extremities of two pseudo-hearts, of which
in this genus there are four.

~ The alimentary. tube in Lingula' presents two or three interesting modifications.
The mouth is perfectly similar to that of Waldheimia, and the cesophagus, which is
somewhat elongated, is at first depressed; but on emerging backwards from between
the anterior occlusors, becomes compressed. The stomach is short, being almost lenti-
cular, and the transverse dorsal ridge is much produced. In front it is slightly convex,
where it receives the cesophagus; behind it is a little produced, and an inconspicuous
constriction marks the commencement of the intestine, which running backwards, buried
beneath the lobules of the liver, and resting above the posterior adjustor muscles, gra-
dually descends towards the ventral lobe, immediately in front of the divaricator muscle.
This straight portion of the intestine corresponds to the entire intestine of the articulated
Brachiopods, and it thus appears that in LZingula, as well as in them, the first inflection
of the intestinal tube is towards the ventral surface. From thence the tube bends to
the left, and turning forwards and upwards, forms two large loops at the posterior por-
tion of the perivisceral chamber; it then advances along the right side, and, dipping
under the dorsal extremities of the adjustor muscles and the pseudo-heart, opens through
a nipple-like anus?® situated at the right side of the body between the margins of the
mantle. The anal orifice is ample, and is very easily distinguished; it is placed con-
siderably nearer to the dorsal than the ventral surface. The calibre of the alimentary
canal does not vary much ; the stomach only being a little enlarged. The mucous mem-
brane is very stout in the cesophagus, stomach, and anterior portion of the intestine.
In the former it is produced into very large, prominent, longitudinal folds, which appear
to be continued into the stomach; but this point could not be clearly ascertained; in
the anterior or straight portion of the intestine the longitudinal plaits seem almost to
have disappeared, but very delicate transverse ruge are discernible®. Similar, though
still more minute, ruge are found in the convolutions, where the lining membrane is
thin. The muscular coat of the intestine is well supplied with transverse fibres.

The alimentary tube in Lingula, like that in the articulated Brachiopods, is sheathed
in a transparent, homogeneous envelope, from which originate certain membranous
bands, that pass to the parietes of the perivisceral chamber. These bands are the homo-
logues of those already described in the other forms, under the designations of the
mesentery, the gastro- and ilio-parietal bands.

The mesentery in Lingule is in a very rudimentary condition, it being represented
merely by two narrow membranous expansions stretching along the upper and under
surface of the cesophagus, from the biliary ducts to the anterior parietes: the dorsal
mesenteric band is prolonged between the anterior occlusors. The gastro-parietal bands
pass from the transverse ridge of the stomach, one on each side, to the posterior surface

1 Plates LXIV. figs. 3, 4; LXV. figs. 1, 3, 4. ? Plate LXVI. fig. 3. $ Plate LXIV. figs. 6, 7.
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of the dorsal extremities of the posterior occlusors. These bands are less extensive than
their counterparts in Waldheimia, and do not sheath the muscles as in it. They sup-
port, however, stout muscular processes, which pass inwards from the parietes towards
the stomach. There is no central gastro-parietal band, the lateral ones being separated
by a considerable space. The ilio-parietal bands are very largely developed ; they extend
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