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ART. IIL.—A Classification of Mollusca, based on the *Principle
of Cephalization;” by EpwaRD S. MoRse.'—With a plate.

AFTER becoming acquainted with the perfect unity of plan in
the Radiata and the connected series of homologies, running
through the whole branch, (as demonstrated by Prof. Agassiz
in his private lectures) my interest was excited to discover, if

ossible, a like symmetry of development in the Mollusca.
finding the universality of vertebration among the Vertebrata,
of articulation among the Articulata, and similarly of radiation
among the Radiata, 1 could not but believe that in the Mollusca
some plan lay hidden, which, when unfolded, would as definitely
convey their type, and unite them all, as in the other branches,

Proc, of Essex Justitute, iv, p. 162.
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It is not enough to call them soft bodied animals; for in consid-
ering their shell as a part of their organization, we have among
them many of the hardest animals known, and we also have an
equal number of soft bodied animals in the other branches.
Their bilaterality, as expressing anything definite, is an equally
unsatisfactory character. Prof. Huxley has given an archetype,
or common plan of the Mollusca, as he conceives it, with many
truthful homologies, in the article * Mollusca,” English Cyclope-
dia, vol. iii, p. 866. In his figure of the archetype, however,
which is bilaterally symmetrical, we have details of structure

only.

lgrof. Agassiz in his *Méthods of Study in Natural History ”
also suggests his idea of the plan, or structure, when he says, p.
84, “Right and lefy, have the preponderance over the other
dismetérs of the bod ,” and says furthermore, that collectors
unconsciously recognize this in t{e arrangement of their collec-
tions. “They instinctively give them the position best caleu.
lated to display their distinctive characteristics, and to accomplish
this they necessarily place them in such a manner as to show
their sides.” This can refer only to the Lamellibranchs, and
their shells are displayed on the sides, because they naturally
fall in that position. This lateral preponderance of structure
only obtains among the Lamellibranchs. All Brachiopods are
displayed from the dorsal or ventral valve. Also the Gastero-
pods, particularly the flat forms like Patella, Chiton, etc., and
the Nudibranchs as well, while in the figures of the naked
CePhulopods we most usually have a dorsal view.

Though Prof, Agassiz speaks of radiation as characterizing
the Radiates, and similarly of articulation and vertebration as
characterizing the Articulates and Vertebrates, yet Mollusks are
spoken of as first introducing the character of bilaterality or

vision of parts along a longitudinal axis, that prevails through-
out the Animal Kingdom, with the exception of the Radiates,
This then can be no restricted definition for the Mollusca, since
it pervades the two higher branches; and who will deny the
evidence of bilaterality among the Radiates, the higher Echino-
derms for instance, as Clypeastroids and Spatangoids, where we
have as good a definition of a longitudinal axis as we obtain in
many Mollusks. Even among.the Polyps, as in the Actinaria,
the antero-posterior axis is clearly expressed in the undue prom-
inence of the primary radii.

Prof. Dana bas been the first to publicly announce the plan
of Moliusca, when he says, “The structure essentially a soft,
fleshy bag, containing the stomach and viscera, without a radiate
structure, and without articulations.'

7 Dana’s Manual of Geology, p. 148.



on the Principle of Cephalization. 21

As far back as 1865 he presented this thought in his lectures
at Yale College.

In the year 1862 Mr. Alpheus Hyatt had independently
worked out & similar result, and has already in MSS. notes, the
necessary data demonstrating the same."

Mr. Hyatt also proposes the name Saccata as more fully and
t.ruthful}g expressing the type, than the unmeaning word Mol-
lusca, This name not only expresses the Plan, but is equivalent
to the titles Vertebrata, Articulata, and Radiata, and is in no
way a qualitative appellation,

bjecting as all must to the introduction of a new name, still
one 80 appropriate as that proposed by Mr. Hyatt, in lieu of one
that has no relation to the Branch, except its traditional use, is
certainly worthy of consideration, as it so clearly indicates what
is believed to be the fundamental idea in the Branch, that of the
Sac. # # *
In the following considerations, all preconceived ideas regard-
ing the relative positions of the dorso-ventral, and antero-pos-
terior diameters of the animal must be laid aside, and the
essential structure of the animal, if rightly understood, must be
our guide. The gradual morphological changes of the contents
of the sac, and all other relations, are based on the principle of
Cephalization. In the plate presented (Series I) I have given a
typical figure of the six prominent groups of the Saccata;
namely, Polyzoa, Brachiopoda, Tunicata, Lamellibranchiata,
Gasteropodsa, and Cephalopoda.

For obvious reasons, only the intestine, head, and pedal

ganglia within the sac are represented. These six figures are

laced in their normal position, anterior pole downward, the
gorsal region is turned to the left. Commencing with the Poly-
zoa, (Series I, P) we have the sac closed, while the mouth and
anus terminate close together at the posterior pole of the sac;
the mouth occupzing the extreme posterior position, and by a
dorsal bend of the intestine upon itself, terminating dorsally.
The. nerve mass is found between the oral and anal openings,
In this class the mouth and anus have the power of protrusion
from the sac. In the three lower orders, Cyclostomata, Ctenos-
tomata, and Cheilostomata, the polyzoon, when completely
evaginated, presents no fold or inversion of the sac, while in the
higher group Phylactolemata, there is a partial and permanent
inversion of the sac under like conditions.

* Mr. Hyatt has rolinquished all idess of publishing on this subject, since becom-
ing awaro that I was to do the same. During the preparation of these , I
enjoyed his companionship, and of the pointa in stated were fully and
freely discussed between us, and to him I am indebted not only for the privilege of
announcing his propesed name, Saccata, but for the suggestion of points to
be hereinafter mentioned.
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This latter group, combining the permanent inversion of the
sac-walls with the ]i,ophophoric arms, is the first approach to the
Brachiopoda. No organ corresdponding to a heart has yet been
discovered. In the Brachiopeda (Series I, B) we have a per-
manent invagination of the sac, and the mouth, as in Terebra.
tula, already occupies a position some distance from the posterior
edges of the overlapping shells, and the brachial coils perma.
nently ocoupy the space thus made.*

'We have in this group a dorsal flexure of the intestine, and
a tendency to terminate as in the polyzoa. In Lingula it
terminates posteriorly and at one side. By the permanent
inversion of the sac, the mouth makes a great advance toward
the anterior pole. In Terebratula, Waldheimia, and allied

enera, where the sac is very short and swollen, and the
%rachial coils very large, the viscera are crushed to the front,
and the intestine, which is short and simple, is nearly bent upon
itself, though still occupying & median line, In Lingula, where
we have a very long and flat sac, the intestine is long, and has
ample room for convolutions, but the anus, instead of terminat-
ing in a line with the mouth, is thrown to one side, in conse-
quence of this excessive flatness of the sac. The heart will be
found on the outer bend of the intestine and actually on the
ventral side; the nerve occupying its homological position.

(The manner in which I view the Brachiopoda, if true, will
entirely reverse the accepted poles of their structure. What
has been considered as dorsal, is here regarded as ventral, and
what has been considered as anterior is here regarded as posterior.
Further remarks on this will be made hereafter).

Thus far the balance of structure has been thrown to the
posterior pole of the sac, and though we see a cephalization, or
concentration of the muscular system and viscera, toward the
anterior pole in Brachiopoda, yet that pole being essentially
closed, we have no function manifested at that end, except the
degraéational one of adhesion. In the Tunicata (Series I, T)
we have, through continued cephalization, the mouth thrown to
the bottom of the sac, or nearer the anterior end, and now the
anus terminates behind the mouth, and posteriorly.

The heart has also followed the intestine in its rotation and
becomes anterior, and partially dorsal. The nerve mass is still
posterior and occupies a position between the two openings as
in Polyzoa. 'We have commencing in this group, the Tunicata,
that erratic bending of intestine, and varied position in its anal
termination, that is witnessed higher up in the scale, and though

¢ 4Terebratulina caput-serpentes, and Crania anomala, projected their cirri be-
yond the margin of the open valves, and moved them as the l")zlgzon move their
eral tenticles, but in no instance were the arms extended.” Woodward’s Treatise,
p- 468,
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apparently governed by no law, we can yet trace the progressive
movements toward a normal condition, by comparing Appendi-
ocularia, one of the lowest forms of the Tunicates, and repre-
genting the larval condition of their class. In this form the
intestine has a ventral flexure, and terminates on the ventral
side. In Pyrosoma it makes an abrupt bend toward the anterior
dorsal region, and terminates anteriorly. In Salpa it terminates
dorsally, on a line with the mouth, though still anteriorly. In
Botryllus it creeps up, and terminates nearer the posterior pole
of the sac, though still dorsally. We have in this genus, and
other compound Ascidians, the excurrent orifices of several in-
dividuals coalescing, forming a common cloaca for a community.
The dorsal flexure is distinctly seen in Clavellina borealis. In
these three classes; namely, Polyzoa, Brachiopoda, and Tuni-
cata, the sac is essentially closed: at the anterior end, and conse-
uently the mouth opens toward the posterior end, and with
ew exceptions all are attached by the anterior end.
This makes a natural division, corresponding to the Mollus-
coidea of Milne-Edwards, the Anthoid Mollusks of Dana, and a
ortion of the neural division of Huxley. In the Lamelli-
ranchiata (Series I, L) we have the sac opening anteriorly,
and the mouth permanently occupying the anterior region,
though in the lower forms pointing posteriorly, and in all cases
the tentacular lobes pointing in that direction, and the mouth
bent downward (ventrally), and partially obstructed by the
anterior adductor, or by the undivided mantle. The gradual
enlargement of the anterior opening is clearly seen, where in
the Gastrochcenidee, we have first a minute orifice for the pass:
age of an immature foot, or metapodium, this opening gradually
enlarging in different genera, until in the Unionidee we have
the sac almost completely separated, except dorsally. It will be
noticed that the anterior opening is also ventral, or nearly so, in
the lower forms. In Gasteropoda (Series I, G) the posterior end
of the sac becomes wsential‘l) closed, and the ambient fluid
now finds access to the gills through the anterior (though par-
tially ventral) portion of the sac, while with Cephalopoda
(Series I, C) the opening is all anterior. Thus far we have
traced the gradual cephalization of the contents of the sac, and
of the sac itself. The dotted lines X X, running through the
oral opening of each figure in Series I of Plate, show the gradual
advance of this opening from the lower to the higher classes.
In the lowest class all the display of structure, with the oral
and anal openings, lies at the posterior pole of the sac. In this
hi§hest class, all this disglay of structure lies at the anterior
pole. Advancing from the Polyzoa, by the gradual advance of
the mouth, the posterior pole becomes less prominent. Even
when the sac opens anteriorly, as in the Lamellibranchiata,



24 E. 8. Morse—Classification of Mollusca

the posterior end of the sas remains open, and the mouth, par-
tially inclined that way, receives its food from that end; the
food being conducted to the mouth by ciliary motion as in the
three lower classes, The nature of their food is also identical,
being of an infusorial character, and as such it is obvious that
masticating organs, or bitir;g plates, such as we find in the two
higher olasses, are not needed.

o long also as the posterior end of the sac remains open, the
anus terminates at that end; when this opening becomes closed,
as in the higher classes, the anus seeks an outlet through the
anterior opening, and the mouth, that before received its food
from the posterior end of the sac and by ciliary motion, now
distinctly points the opposite way, and is furmished with the
proper organs to procure food, the nature of which requires
separation and trituration.

n nearly all the foregoing homologies, and also the position
in which I place the Tunicate sac, I am sustained by the writ-
ings of eminent naturalists. With the Brachiopoda, however,
my views completely reverse the accegteg(foles of the body,
though, even here, according to * Woodward’s Treatise on Mol-
Juscs,” page 204, Forskahl and Lamarck “compared Hyalea with
Terebratula; but they made the ventral plate of one answer to
the dorsal valve of the other, and the anterior cephalic orifice
of the pterogodous shell correspond to the posterior, byssal
foramen of the bivalve!” * And, if the views I advance prove
correot, they were precisely right. In all my previous attempts
to homologize the different classes, I had always met with an
obstacle in the apparently aberrant characters of the Brachio-
pods: never for a moment doubting the truth of the accepted
views, that indicated the regions to be called dorsal and ventral,
as such, I labored in vain, When I undertoolc to interpret the
relation of these classes on the principle of cephalization I
found that these accepted views must be doubted, and it was
with amazement that I beheld such unlooked for results: that
the so-called anterior pole is really the posterior pole, and that
the so-called dorsal region is reaily the ventral region.

It has not been without patient consideration that I now
advance these views, knowing that by many they will be
received with ogfosition: nevertheless, the more I try to make
them comformable with already received relations, the more 1
am convinced that such relations are wrong; and it is only in
believing that continued research will but confirm these propo-
sitions, that I now dare to offer them.

According to the views here advanced, the Brachiopods are
1) attached by a ;ilrolongaﬁon from the dorsal area, as in the lower
olyzoa, where they lie on the back. (2) In their natural po-

sition in life, this valve is really uppermost. (3) The process
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of attachment also proceeds from the anterior pole of the body,
as in all the members of the branch even to Gasteropods, with
the exception of those attiched by one valve (e. g. Ostreans,
Clavagella), whether it be by a bysaus, confined in cells of their
own making, or buried in the mud, it is the anterior end which
is fixed. In several lower forms, like Tridacna and Anomia,
the point of attachment springs from the dorsal area, as in the
two lowest classes. In regard to the posterior position of the
mouth in Polyzoa and Brachiopoda, we bave similar analogies
among the Articulata ; Cirripedia, for examJJle, where we have
animals becoming attached head downward, and all the oral
parts, a8 in the pedunculated forms, tending toward the pos-
terior pole of the bedy; or in Litulus, where we have such a
decephalization, as it were, that the mouth occupies nearly a cen-
tral position in the ventral region.

Again, considering the intestine as a simple tube, opening at
each end, with the weight of structure evenly divided between
the two openings, is it any more incredulous, that the oral open-
ing should be posterior, than that the anal opening should be
anterior, as in the Gasteropods?

In Polyzos, the oral and anal openings occupy a similar posi-
tion in all the forms. In Brachiopods, while the mouth remains
in nearly a constant position, the anus terminates either in a
median line, or by a lateral deflection of intestine to one side.
In Tunicata, while the mouth occupies a permanent position at
the front of the sac, the anus terminates at various portions of
the sac, generally in a median line, though there is usually a
lateral deflection of the intestine.

In Lamellibranchiata, the mouth and anus terminate in a me-
dian line, with few exceptions, (e. g. Pecten) though the intes-
tine convolutes in various ways. In Gasteropods we have again
lateral deflection of intestine, and though in many genera the
anus terminates in a median line, yet in the bulk of the Gaster-
opods it terminates at one side or the other. In the Dibranchi-
ate Cephalopods we have again the termination of the intestine
in a median line.

The diagram here given (fig. 1) represents an L o
ideal longitudinal section of the sac, similar to g
those of Series I. The arrow within the sac
shows the direction of rotation of the bent intes-
tine, carrying with it the heart, (see Plate, Series
L) which in Brachiopoda we find on the ventral
region; in Tunicata on the anterior dorsal re-
gion; in Lamellibranchiata on the dorsal region;
in Gasteropoda on the dorsal region and also
farther back; and in the Cephalopods at the A
posterior portion of the sac. The different positions of the sac

Ay, Joun. Scr.—8ecoxD Serins, VoL, XLII, No. 124.—Juvry, 1866.
4
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openings (represented in fig. 1 by arrow O) follow the same di-
rection, that is from posterior to anterior, ventrally. Thus in
Tunicata the two openings are posterior and posterior-dorsal ;
the posterior-dorsal, being the anal or excurrent orifice; this is
always the shortest in Tunicata. In Lamellibranchiata the anal
tube moves nearer the branchial tube; in the lower forms their
outer covering coalescing and of equal length, while, higher up,
the tubes become entirely separate, and, in some, of extreme
length, the anal tube being the longest. In Pisidium and other
forms the branchial tube disappears, and water is received
through a ventral opening; while the anal tube yet remains, oc-
cupying a posterior position on a line with the antero-posterior
axig, in the same position thé branchial tube occupied in the
Tunicata: and, finally, both tubes become nearly obsolete, and
the mantle is cleft all round, except dorsally. Thus the pro-

ess of sac opening follows in the same line of rotation with
the intestine. The progressive regions of attachment move in
an opposite direction (fig. 1, arrow A). Commencing with
the Polyzoa as the lowest class, we have, as in the Cheilosto-
mata, the dorsal portion large and spreading, this being the
fixed portion ; the anal opening being turned toward this region,
as in the Brachiopoda and Tunicata, (the movable part of the
ventral surface, which is uppermost, being represented by the
little 1id). This mode of attachment is the lowest feature;
namely, attached along the entire dorsal region,

As we ascend to the higher forms of the class, we have a free-
ing of the posterior portion of sac, and the viscera perma-
nently occupies this freed portion. In the Brachiopoda we have
the sac free, held only by the peduncle; the means of attach-
ment springing anteriorly, and from the dorsal valve, as in the
partially freed polyzoon. Crania and Discina are attached as
in Lepralia.

In Lingula, where we have the lengthened and flattened sac,
the animal stands vertical in the sand. In Terebratula and
allied genera, the dorsal valve already assumes preponderance
over the ventral valve, and now obtains its normal position
uppermost.

All the Tunicates with few exceptions are attached, and by
their anterior end.

In the compound Ascidians like Botryllus, where we have a
community of individuals clustering round a common center,
their dorsal as well as anterior regions are attached, or, in other
words, the ventral and posterior regions are free only.

Among the Lamellibranchiata nearly all the lower forms, and
many of the higher forms, are fixed or stationary; and whether
moored by a byssus, buried immovably in the mud, or impris-
oned 'in cells of their own making, it is the anterior end which
is fixed. This obtains, with important exceptions.
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The Monomyarians combine in their structure both high and
low characters. 1In their open mantle, and certain other features,
they rank high. In their fixed position, the attachment gener-
ally springing from the dorsal region, they rank low. For
these reasons, I have placed them in the center (see Plate,
Series IT, M) not indicating by this their equal value with the
other groups, for I doubt if their separation from the Dimya-
rians is valid, since the large adductor, composed of two elements,
would indicate the presence of both anterior and posterior ad-
ductors, combined in consequence of the excessive shortness of
their antero-posterior diameter. The Monoyarians present sin-
gular features of analogy with the Brachiopoda. Thus they are
generally inequivalve. The viscera are compacted toward the

orsal region, and, when attached, they are generally by a pro-
cess from the dorsal portion (e. g. Anomia), the lowest feature of
attachment. In all these instances, particularly with Anomia,
the analogy is very striking; it is analogy only, and nothing
more, for 1n their whole structure, and in the relative propor-
tion of their diameters, they present just the opposite extreme.
While we have in Brachiopoda the growth laterally, that is,
spreading on the sides and depressed dorsally, and the valves,

orsal and ventral, in the Monomyarians we have the other
extreme; the valves are right and left, and the display is on
the side, the growth extending ventrally as it were. So narrow
are they that in certain forms, Placuna for example, it is almost
impossible to conceive the presence of soft parts between the
valves. We compare the relative diameters between the Brach-
iopods and Monomyarians, to show how unlike they are in this
respect,

Diameter. Bracarorobs, MoxouyaRIANS.
Antero-posterior. Medium. Small.
Dorso-ventral, Small, Very large.
Transverse. Large. Very small.

By reason of their excessive narrowness, the greater number
of Monomyarians lie on the right or left valve, and as their
peculiar form precludes the possibility of locomotion by the
usual organ, the foot, they either remain fixed, or swim freely
about in the water, by violently closing their valves, as in Lima
and Pecten.

Among the Unionide, the highest family in the Lamelli-
branchiata, the animal assumes nearly a horizontal position in
crawling, though the anterior end is always the lowest, and gen-
erally buried in the mud. Its embryos, like Monomyarians in
shape, are attached to the ovisac by the dorsal margin, which is
straight, as in Pecten. (Lea’s paper on Embryonic forms of
Unionidee, Journ. Acad. Nat. Sci., 2d Series, vol. iv, plate 5.)
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By their violent shutting of the valves, while in embryo,
they may, after birth, swim, even as Pecten swims; at all events
they are said to become attached by a byssal thread while
young. Among the Gasteropods we have a few genera attached,
or fixed, as in Magilus, Siliquaria, Vermetus, Spiroglyphus,
Nerinsa, and Petaloconchus. These are now attached posterior
end downward. In Calyptrasa they are in a fixed position,
secreting a ventral valve, upon which they rest. It would be
interesting to know for a certainty which part first becomes
attached in Vermetus and allied forms; their first point of
attachment must take place at the mouth of the tube or aper-
ture, which is really anterior and ventral. The Cephalopods
are free.

Thus we have the various regions of attachment, changing
and following in the direction indicated by the arrow A, in
figure 1.

1st, Polyzoa: dorsal attachment.

2d, Brachiopoda: dorsal and anterior attachment.

8d, Tunicata: anterior.

4th, Lamellibranchiata: anterior and ventral attachment.

5th, Gasteropods: ventral and posterior attachment.

‘While we have thus seen that the area of attachment first
springs from the dorsal region, and gradually changes as we as-
cend 1n structure toward the anterior end, so we find the princi-
pal organ of locomotion, i. e., the foot, is first developed from
the ventral region, and in like manner tending toward the ante-
rior end, as we ascend in the scale, until, in Cephalopoda, the
specialized divisions of the foot surround the head, and point

ectly forward.

Having personally communicated the substance of this paper
to Professor James D. Dana, he has, in a letter to me, indicated
certain gradient relations among the Lamellibranchs, Gastero-
pods, and Cephalopods, as manifested in the special characteris-
tics of the head, or anterior part of the body, so clearly illus-
trating the principle of oe%hnlization that I now take the liberty
of presenting them. In the Lamellibranchs the foot is a simple
muscular or%an developed from the ventral surface and protrud-
ing anteriorly. It is simply an organ of locomotion, in the
lower forms not even performing this function. The oral open-
ing is a simple slit, without the power of seizing or triturating
its food.

In the Gasteropods the foot is more specialized, and as an
organ of locomotion far superior to that of the Lamellibranchi-
ates, having oftentimes three well characterized regions, called
by Huxley, the pro., meso-, and metapodium, these regions
oftentimes supporting certain processes, e. g., cirri, opercula. The
foot not only performs locomotion but in many cases has the
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power of siczing and retaining its grey (e. g, Natica). The
mouth has an apparatus for biting and triturating its food, being
furnished with an upper jaw, or buccal plate, and a tongue,
armed with siliceous particles. In the Cephalopoda the foot is
so far differentiated as to be separated into prehensile arms fur-
nished with rows of suckers, or hooks. These arms surround
the head, and are thrown directly forward. They are capable
not only of locomotion, but of seizing their pr:g, and perform-
ing also movements of aggressive action. In the higher forms
of Cephalopods, the function of locomotion is delegated to other
organs, while the arms subserve the uses of the head alone, and
the mouth, furnished with two powerful mandibles opposed ver-
tically, forcibly reminds us of a parrot’s beak, or that of certain
other vertebrates. Thus we have cephalic power manifested in
the mechanical action of the foot.

1st, Lamellibranchs—Locomotion.

2d, Gasteropods—Locomotion, Prehension.

8d, Cephalopods—Locomotion, Prehension, and Aggression,

According to the principle of cephalization, cephalic power is
manifested either as a mechanical, sensorial, or psychical force.
Thus the Cephalopods possess in the greatest measure, all thres;
while Gasteropods, not indicating, to any great extent, aggres-
give action, may be said to manifest but little psychical power;
and the Lamellibranchiates manifest essentially only mecgnnical
action.

‘We have based the preceding considerations on the common
structure of each class, and for comparison have given an arche-
type, as it were, of each class (SeriesI). In continuing these
archetypal figures, as illustratin§ the relative diameters and
mean forms for each class (Series II and I1T), and also the mean,
or average position in nature of the antero-posterior axis (Series
IV), we obtain singular features of polarity, which I will now
proceed to indicate; premising, however, that what follows is
offered in reluctance, as I have not at present the opportunity
to verify the statements as I would wish. In Series II the
average lateral form of each class is given. In Series III a
transverse section is given of the same figures in Series IL. In
Series IT the arrow A indicates the direction of posterior pole,
and D indicates the dorsal region in Series II and III. In
Series IV a line for each class is given, representing the average
position of their antero-posterior axis in nature (A, anterior
pole, P, posterior pole). The central figures in Series IT, IIT,
and IV represent corresponding views of the Monomyarians.
I the Polyzoa (Series 1I, P) the sac is long and eylindrical,
the mouth and anus terminate at the posterier pole, and the

® We use this word in its most gencral sense,
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tentacles surround the mouth only; the anus terminating out-
side the lophophore. Witness in the highest order of Cephalo-
pods, the Dibranchiates, the sac as in Loligo (Series II, C), long
and cylindrical, and in all cases mouth and anus opening ante-
riorly; the arms surrounding the mouth only. ]'?['wo rough
diagrams, alike in form, but reversed in one case, would repre-
sent each class as we have it here. In Brachiopoda (Series II,
B) we have the sac widening laterally, and correspondingly
depressed dorsally; mouth and anus opening posteriorly. In
Gasteropoda (Series IT, @) we have the same features, excefst
that the parts are reversed again. In Tunicata (Series II, T)
the sac is lengthened and swollen. Lamellibranchiata (Series
IT, L) the same. The relative diameters of the Monomyarians
are unlike those of any other class, as before pointed out.

It is confidently believed that when these relations or polari-
ties, between the ascending and descending, or, as Professor
Dana terms them, the Holozoic and Phytozoic classes, have been
further studied, new and interesting features will be revealed.
Thus, the resemblances between the Tunicates and Lamelli-
branchiates are too obvious to indicate.

Among the Brachiopods and Gasteropods, beside what has
been pointed out, we have unlooked for similarities, as for
instance Discina and Calyptrea, or Terebratula and Hyalwa.
Among the Polyzoa and 5epha]opoda, though no polarities are
brought to mind, except those given above, yet we cannot help
remarking how strong the resemblance is between the Polyzoa
and Protozoa, through Vorticella: and if Vorticella belongs to
Polyzoa, as Professor iz appears inclined to believe, a few
steps more bring us to the Ammonitic forms of the Rhizopods.
This is speculative (though suggestive), as it is now considered
by many that the Protozoa forms a fifth Sub-Kingdom.

In considering transverse sections of the sacs, as shown in
Series II1I, we obtain a like order of polarity. Thus the highest
orders in Polyzoa and Cephalopoda presents a circular section.
Brachiopoda and Gasteropoda are transversely oval; Tunicates
and Lamellibranchiates are longitudinally oval, or in lower
forms circular; while the Monomyarians have the dorso-ventral
diameter in excess, and the transverse diameter reduced to the
minimum.

In considering the position, or angle of the antero-posterior
axis of each class in nature, we obtain similar results (Series IV).

Polyzoa and Cephalopoda, we place in a horizontal position,
taking a swimming Dibranchiate for comparison: this may be
premature however. .

Brachiopods and Gaste:ﬁpods with posterior pole slightly ele-
vated, as in Cyrtia and allied forms of Brachiopods, and any
coiled Gasteropod for example. Tunicates and Lamellibranchi-



on the Principle of Cephalization. 81

ates with the axis vertical, the anterior pole being below, and
the Monomyarian horizontal again. It must be remembered
that the above considerations are taken in their most general
sense, representing only the mean for each group, many of them
perhaps erroneous. They are given rather for the purpose of
indicating a farther path of inquiry, which the writer considers
fruitful and intends to follow, than as points in any way settled.

In ascertaining the mean position of the antero-posterior axis
for the whole branch of Saceata, (that is, the average) we find
that a line at an angle of 45° would represent its position in
nature; the lower end being anterior. In the Radiates a line
througfx the mouth to the opposite region of the body would
stand vertically. In Articulates the antero-posterior axis would
be horizontal. Among the Vertebrates, Fishes would be hori-
zontal, as in Articulates; Reptiles have the head slightly ele-
vated; Birds and Mammals still more elevated; so that a mean
line, for these classes might be drawn at an angle of 46° the
cephalic region being uppermost. Man stands vertical. Thus
in a diagram we would have the following:

2.

|Ma.n.
\Verbebmta.

—— Articulata.

In the preceding considerations I have endeavored to show
the importance of the sac, as the principle and prominent
feature in their plan of structure. All animals, reduced to their
primary elements, are sacs in one sense of the word, though in
one case a radiate sac, in another an articulate sac, ete. Yet
nowhere does this character predominate so universally, nor is
it expressed so simply as in the Mollusca ; the leading idea as it
were. It was shown also that, essentially, the heart is on the
outer bend of the intestine, or between that and the sac wall,
while the principal nerve mass was on the inner bend of the in-
testine. e would thus state their characters.

SACCATA.

(1.) Animals of varied forms, without a radiale structure and
without articulations.

(2.) Stomach and viscera enclosed by a fleshy sac, which may be
closed or open, at either one or both ends.
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(8.) Principal nerve masses, consisting of ganglia, which are ad-
Jacent to, or surround the eesophagus.

(4) Intestine bending inward, or having an outward flexure.

(6.) Heart.on the ouler bend of intestine.

Sac open at { Ozpmatoroa,
Horozolo, or | anterior end. ] GASTEROPODA.
TYPIC,

BMonuth opens | Sac open at

anteriorly, both ends. { LAMELLIBRANCHIATA,

Saooata. P a
'BHYTOEZO0IC, OR { Sac open at
REMITYPIC, postelgzr end.{ Towmoara,
Mouth opens
postariorly. | gaq closed. { lB,:::z:Io:rom.

‘We must now consider the relations of the Saccata to the
other branches of the Animal Kingdom. In the paper of Pro-
fessor Dana, above referred to, he has used the terms alpha-
typie, betatypic, and gammatypic, as a numbering of the grade
of types, whether of branches, classes or orders; also, below
gammatycf)ic, we have degradational ; the Radiates are regarded
as degradational; and below this, hemi hytoid. He employs
also, the terms used above, namely, Holozoic, for true animal
forms, and Phytozoic, for plant-like forms.

Applying these terms to the classes or groups of Saccata, wo
have the following :

Alphatypic, Cgraaroropa.

Hovrozoro, 4 Betatypic, G ASTEROPODA.
Gammatypic, LAMELLIBRANCHIATA,

3 Tuntoara.
Degradational, j( Bracmioropa,

Hemiphytoid, " poryzoa

Prof. Dana has pointed out many interesting parallelisms be-
tween the 5roups of the different branches, Iet us now look at
the parallelisms between the groups above indicated, and the
other branches. Cephalopods approach nearest the Vertebrates
through their lowest class, the fishes, and already many interest-
ing analogies have been ]ioinbed out between them.

Gasteropods may be likened to Articulates, through their
lowest class, the Worms, through certain resemblances that many
forms bear to the Leeches, Planarians, and Trematodes. Lam-
ellibranchiates may be considered the essential embodiment of
the branch to which they belong. Tunicates and Polyzoa may
be compared to Radiates.

Or, in considering their freedom or fixedness in life, we have
Cephalopods free, as in all Vertebrates; Gasteropoc'ls, a few
fixed, as in Articulates; Lamellibranchiates, many fixed, as in
Saccata, with relation to the other Branches. Taunicates, the
greater portion fixed, though they do not compare so well with

Pavrozolo. {
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the Radiates in this respect, but Brachiopods and Polyzoa fixed
as in the lowest class of Radiates, the Polyps.

‘We would thus have
Avrenaryric, Cephalopods, Vertebrales, Fishes.
Ganmaryrio, Gasteropods, Articulates,  Worms.
Beratyric, Lamellibranchiates, Saccates,
DecnapatioNar, {%‘;:;2‘::;’;& } Radiates,
Heuirayrorn, Polyzoa, Radiates, Polyps.

Exrpravariox or trE Prare.

Senies L Represents o typical figure of each principal group in Mollusea—viz,
P, Polyzoa; B, Brachiopoda; T, Tunicata; L, Lamellibranchiata; G, Gasteropoda;
and C, Oephalopoda—(}, indicating Monomyaria of the second series). 088
figures are represented anterior end downward, the dorsal region being turned to
the leR. The tube within each cut, represents the intestine, the larger end of
which is the mouth, and the emaller end the anus. The harp-shaped figure repre-
sents the heart, and the star represents the pedal ganglion.

Semes [1.  Reprosents similar views, with less detail. Tha dorsal region in this
series is uppermost, and the posterior end is turned to the left, as indicated by arrow
A. The curved line indicates the intestine, the large end being the mouth.

Senies IIL.  Represents transverse sections of corresponding figures in Series IT.

Scnies IV.  Represents the mean position in natura, of the antero-posterior axes
of the figures represented above: A, Anterior pole; P, Posterior pole. The verti-
cal rows of figures are identical.
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