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ART. Ill-A Ola8ai~tion of Mollusca, based on the "Princip1e 
of Oephalizemon;' by EDWARD S. MORSE.I-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 
possible, a like symmetry of development in the Mollusca. 
Finding the universality of vertebrntion among the Vertebrata, 
of articulation among the Articulata, and similarly of radiation 
among the Radiata, I 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, 8S in the other branches, 

Proc:. or Essex Iaetitute, iv, p. 162. 
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It is not enough to call them soft bodied animals; for in COD sid. 
ering their shell as a part of their organization, we have among 
them many of the hardest animals bOWD, and we also have an 
eClual 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, 
OJ common plan of the Mollusca, as he conceives it, with many 
tru,hful homologies, in the article "Mollusca," English Oyclope­
dia, vol. iii, p. 865. In his figure of the archetype, however, 
which is bilaterally symmetrical, we have details of structure 
only. 

Prof. Agassiz in his II Mc!tbods of Study in Natu~l History" 
also suggests his idea. of the plan, or structure, when he says, p. 
84, II Right and lefil have the preponderance over the other 
diameters of the bOdy," and says furthermore, that collectors 
unconsciously recognize this in the arrangement of their collec­
tions. IIThey instinctively give them tlie position best calcu. 
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 Lwnellibranchs. 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 
Oe~halopods we most usually have a dorsal view. 

:Choutl'll Prof. A~siz 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 
division 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 MoUusca, since 
it pervades the two higher branches i and who will deny the 
eviaence of bilaterality among the Radiates, the higher Echino­
derms for instance, as Clypenstroids and Spatnngoids, where we 
have as good a definition of a longitudinar axis as we obtain in 
many Mollusks. Even among.the Polyps, as in the Actina.ria, 
the antero.posterior axis is clearly expressed in the undue prom­
inence of the primary radii. 

Prof. Dana Das been 'he first to publicly announce the plan 
of Mollusca, when he says, "The structure essentially a soft, 
fleshy bag, containing the stomach and viscera, without a. radiate 
structure, and without articulatioDs.'" 

~ DllDa's MIlDual oC Geology, p. 148. 
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As far back as 1865 he presented. thia thought in his leotures 
at Yale College. 

In the year 1862 Mr. Alpheus Hyatt had independent1y 
worked out a similar result, and has already in M8S. notes, the 
necessary data demonstrating the same" 

Mr. Hyatt nlso proposes the name Saooata as more fully and 
truthfully expressmg the type, than the unmeanin~ word Mol­
lusca. This name not only expresses the Plan, but 18 ~uivalent 
to the titles Vertebrata, Articulata, and Radiata, and is in no 
way a qualitative appellation. 

Objecting as all must to the introduction or a new name, still 
one so appropriate as tbat 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 80 clearly indicates what 
is believed to be the fundamental idea in the Branch, that of the 
S~ * * * 

In tbe fonowing 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 right.ly understood, must be 
our guide. The gradual mo~hologicru changes of the contents 
of tlie sac, and all other relations, are based on the princ!ple of 
Cephalization. In the plate presented (Series I) love given a 
typical figare of the six prominent gronp! of· the s:iccata; 
namely, Polyzo~ Brachiopoda, Tunicata, Iamellibranohiata, 
Gaateropoda, and Oephalopoda. 

For obvious reasons, only the intestine, head, and pedal 
ganglia within the SilO are reJ>resented. These six: :figures are 
pillced in their normal positIon, anterior pole downward, the 
aoraal region is turned to the left. Commencing with the Poly­
zoa, (Series 1, P) we have the sac closed, while the mouth and 
anus terminate close together at the posterior pole of the sac; 
the mouth occupying tlie extreme posterior position, and by a 
dorsal bend of the intestine upon itsel( terminating dorsally. 
The· nerve DlI1S8 is fonnd 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, CteDos. 
tomata, and Cheilostomata, the POlYZOOD, when completely 
evaginated, presents no fold or inversion of the sao, while in the 
higlier group Phylactolremata, there is a partial aDd permanent 
inversion or the sao UDder like conditions. 

• Mr. Hyatt W18 nliaqalshcd allldeu of publishing OD this sqbject, slace becom· 
ing ILwaro that 1 waa to do the IllUDe. Dariug the preparaUon of thelIJ pages, I 
onjoyed his companionship, IIDd OWly or thII ~ .. l1eillin atated were (lilli IIDd 
freely discllfBed between U8, and to him I om lildebted Dot only Cor tho privilege or 
IIDDouaciag bis proposed llIIII1e, SIlCCA&/&, bat. Cor tho suggestioa of ~rtain points to 
be hereinafter montionod. 
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This latter group, combining the permanent inversion of the 
sac-walls with the lophophoric arms, is the first approach to the 
Brachiopoda. No organ corresponding to 0. heart has yet been 
discoveied. In the Brachiopoda. (Series I, B) we have a per­
manent invagination of the sac, and the mouth, as in Terebra. 
~ula, already occupies a position some distance from the posterior 
edges of the overlapping shells, and the brachial coils perma. 
nently occupy the space thus made.' 

We have in this ~roup a dorsal Bexure of the intestine, and 
a tendency to termInate as in the polyzoa. In Lingula it 
terminates posteriorly and at oue side. By the permanent 
inversion of the sac, the mouth makes a great advance toward 
the anterior pole. In Terebratula, Waldheimia, and allied 
genera, where the sac is very short and swollen, and the 
brachial coils very large, the viscera are crushed to the front, 
and the intestine, whicli is short and simple, is nearly bent upon 
itself, though still occupying a median line. In Lingula, where 
we have a very long and Bat 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 Batness of the sac. The heart wHl 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 
degradational one of adhesion. In the Tunicata (Series I, T) 
we have, through continued cephnlization, 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 etill 
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 

• .. TerebratuliDA caput-serpentes, oad Orania oDomnla. projected their cirri be· 
yond the margin oC tlie open valves, and moved them 1111 the Polyzo!!. move tbeir 
eral lenticles, bn~ in no iDStance were the I1lIJIS ezteDded.n W DOdWllJ'd's Treatise, 
p.466. 
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apparently governed by DO law, we can yet trace the progressive 
movements toward a. normal condition, by comparing Appendi. 
oularia, one of the lowest forms of the Tunicates, and repre· 
senting 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 abruJ>t bend toward the anterior 
dorslll region, and terminates anteriorly. In Salps. it terminates 
dorsally, on a line with the mouth, though still anteriorly. In 
BotryUus it creeps ue, and terminates nearer the posterior pole 
of tlie sao, though sttll dorsally. We have in thIS genns, and 
other compound Ascidians, the excurrent orifices of several in· 
dividuals coalescing, forming a common cloaca lor a community. 
The dorsal :flexure is distinctly seen in ClaveUina borealis. In 
these three classes; namely, Polyzoa, Braohiopodl!-, and Tnni· 
cats, the sao is essentially closed at the anterior end, and conse­
quently the mouth opens toward the posterior end, and with 
few exceptions all are attached by the anterior end. 

This makes a natuml division, corresponding to the MoUns­
coidea of Milne·Edwards, the Anthoid Mollusks of Dana, and a 
portion of the neural division of Huxley. In the Lamelli· 
branchiata (Series I, L) we have the sao 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 tliat direction, and the mouth 
bent downward (ventrally), and partially obstructed by the 
anterior addnctor, or by the undivided mantle. The gradual 
enlargement of the anterior opening is clearl1. seen, where in 
the Gastrochoonidw, we have first a minute orifice for the pass­
age of an immature foot, or metapodinm, tbis o)?ening gradually 
enlarging in different genera, until in the Unionidm 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 postenor end 
of the sac becomes essentially closed, and the ambient :fluid 
now finds access to the gills through the anterior (though par· 
tially ventral) portion of the sac, while with Oephalopoda 
(SerIes 1, 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. Tne dotted lines X X. runiling through the 
oral opening of each fi~ in Series I of Plate, show the gJ'adnal 
advance of this openmg from the lower to the hi~her Classes. 
In the lowest class all the display of structure, wlth the oral 
and anal openings, lies at the posterior pole of the sac. In this 
highest class, all this display of structure lies at the anterior 
'})Ole. Advancing from 'he Polyzoa, by the gradual advance of 
the month, the posterior pole becomes less prominent. Even 
when the sac opens anteriorly, as in the Lamel1ibranchiataJ 
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the posterior end of the sao remains open, and the mouth, par­
tially inclined that way, receives its food from that end j the 
food being conducted to the mouth by ciliary motion as in the 
three lower classes. The nature of tlieir food is also identical, 
bein~ of an infusorial character, and as suoh it is obvious that 
masticating organs, or biting plates, such as we find in the two 
higher classes, are not needed. 

So long also as the posterior end of the sao remains open, the 
anus terminates at that end i when this opening becomes closed, 
as in the higher olasses, the anus seeks aD outlet through the 
anterior openin~, and tbe mouth, that before received its food 
from the posterlor end of the sao and by ciliarl motion, now 
distinotlv points the opposite way, and 'is furnished with the 
proper organs to procure food, tbe nature of whioh requires 
separation and trituration. 

In nearly all the foregoing homologies, and also the position 
in which I place the Tunicate sao I am sustained by the writ· 
ings of emiuent naturalists. With the Brachiopoda, however, 
my views completely reverse the accepted poles of the body, 
though, even here, aooording to I' Woodward's Treatise on Mol­
lusca," page 204, Forskahl and Lamarck U compared Hyalea with 
Terebralula; but they made the ventral plate of one answer to 
the dorsal valve of the other, and the anterior cephalic orifice 
of the pteroJ)Odous shell corresl,>ond to the posterior, byssal 
foramen of tLe bivalve I" • And, If the views I advauce prove 
correct, ther were ~recisely right. In all my previous attempts 
to homolOgize the aift'erent classes, I had always met with au 
obst.acle in the o.pparently aberrant characters of the Brachio­
pods: never for a moment doubting the truth of the accepted 
views, that indicated the regions to De called dorsal and ventral, 
as such, I labored in vain. When I undertook to interpret the 
relation of these classes on the principle of cephalization I 
found that these accepted views must be doubted, and it ,vas 
with amazement that 1 beheld such unlooked for results: that 
the so-called anterior pole is really the posterior ~ole, and that 
the so·called dorsal region is reafly the ventral reglOn. 

It bas Dot been without patieut consideration that I now 
advance these viewst knowmg that by many they will be 
received 'nth oppositIon: nevertheless, the more I try to make 
them comformable with already received relations, the more I 
am convinced that suoh relations are wrong; and it is only ilJ, 
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 prQlongation from the dorlal area, as in the lower 
Polyzoa, 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 tbe members of the branch even to Gasteropods, with 
the excection of those attached by ODe valve (e. g. OstreanB, 
Olavagel a), whether it be by a byssUB, confined in cells of their 
own making, or buried in the mud, it is tbe anterior end wbich 
is fixed. In several lower forms, like Tridacna and Anomia, 
the point of attachment springs from the dorsal area, 88 in the 
two lowest classes. In regard to the posterior position of the 
month in Polyzoa and Brachiopoda, ,ve have similar analogies 
among the Articulata i Cirripedin, for example, where we have 
animals becoming attached head downward, and all the oral 
pa.rts, 8S in the pedunculated forms, tending toward the pos­
terior pole of the body; or in Litnulus, where we have such a 
deceplialization, as it were, that the mouth occupies nearl'y a cen­
tral position in the ventral region. 

Again, considering tbe intestine as a simplo tube, ojlening at 
each end, with the weight of struoture everu.)" 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 Polyzoa, the oral and anal openin~ occupy a similar posi­
tion in all the forms. In Brachiopods, while tlie mouth remains 
in nearl'y 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 tenDlnates at various portions or 
tbe 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 VariOUB wa.ys. In Gas~ropods 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
opo(!s it terminates at one side or the other. In the Dibranchi­
ate Cephalopods we have again the termination of the intestine 
in a mediaD line. 

The diawam here given (fig. 1) represents an I. 0 
ideal longttudinal section of the sac, similar to ' 
those of Series L The arrow within the sac 
ahows the direction of rotation of the bent intes­
tine, ~ing with it the h~ (see Plate, Series 
1,) whicli in Bracbiopoda we llnd on the ventral 
region; in Tunicata on the anterior dorsal re­
(poni in Lamellibranchiata on the dorsal region; 
m GasteroJ>oda on the dorsal region and also 
further back; and in the Cej)halo~dB at the A 

poSterior portion of the sac. Tho different positions of the sao 
All. Jovu.. SCr.-8BCO!'ID SBJUlII, VOL. XLII, No. 191-JOLY, 1866. 
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openings (represented in fl~. 1 by arrow 0) follow tbe same di­
rection, that is from posterior to anterior, ventrally. Tbns in 
Tunicata the two o~nings are posterior and posterior-dorsal j 
the posterior-<iorsal, being the anal or excurrent orifice; this is 
always the shortest in Tunicata. In Lamellibranohiata the anal 
tube moves nearer the branohial tube; in the lower forms their 
outer covering coalescing and of equal len~th, while, higher up, 
the tubes become entirely seJ>8!'ate, and, m some, of extreme 
length, the anal tube being tlie longest.. In Pisidinm and other 
forms the branchial tube disappears, and water is received 
through a ventral opening; whife the anal tube yet remains, oc, 
ont»ying a posterior position on a line with the antero'posterior 
aXI&, in the same position the branchial tube occupied in the 
Tunicata: and, flnally, both tubes become nearly obsolete, and 
the mantle is cleft; all round, except dorsally. Thus the pro­
gress of sac o~ning follows in the same line of rotation with 
the intestine. The progressive regions of attachment move in 
an opposite direction (fig. 1, arrow A). Commenoing with 
the Polyzoa as the lowest class, we have, as in the Cheilosto· 
mat&, the dorsal portion large and spreading, this being the 
fixed portion j the anal opening being turned toward this region, 
as in the Brachio}Joda. and Tunicnta, (the movable part of tho 
ventral snrface, which is uppermost, being represented by the 
little lid). This mode of attachment is the lowest feature j 
namely, attached along the entire dorsal region. 

As we ascend to the higher forms of the class, we have a free· 
ing of the }?osterior portion of sac, and the viscera. perma· 
nently OCCUpIes this freed portion. In the Brachiopoda. we have 
the sac free, held onI'y by the peduncle; the means of attach. 
ment springing antenorly, and from the dorsal valve, as in the 
partially freed. polyzoon. Crania and Disoina. are attached as 
In Lepralia. 

In Lingula, where we have the lengthened and flattened sao, 
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 norm81 position 
uppermost. 

AU the Tunicates with few exceptions are attaohed, and by 
their anterior end. 

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

Among the Lame11ibranchiata nearly all the lower forms, and 
many of the higher forms, are fixed or stationary; and whether 
moored by a byssU8, buried immovably in the mud, or impris­
oned . in cells of their own making, it is the anterior end whioh 
is fixed. This obiains, with.important exceptions. 
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The Monomyarians combine in their structure both high and 
low characters. In their open mantle, and certain other features, 
they rank high. In their flxed 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 II, M) not indicating by this their equnl value with the 
other grou(ls, for I doubt if their separation from the Dimya­
rinns is valia, 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 Brachiopoaa. Tlius they are 
generally inequivalve. The viscera are compacted toward the 
dorsal region, and, when attached, they are generally by a pro­
cess from the dorsal portion (e. g. Anomia), the lowest feature of 
attachment. Iu all these instances, particularly with Anomia, 
the analo~ is very striking; it is analogy only, and nothing 
more, for 1D their wh01e structure, and in the relative propor­
tion of their diameters, they present just the opposite extreme. 
While we have in Brachiopoda the growth lateral1y, that is, 
spreading on the sides and depressed dorsally, and the valves, 
dorsal and ventral, in the Monomyarians we have the other 
extreme; the valves are right and left, and the diSJllay is on 
the side, the growth extending ventrally as it were. So narrow 
are they that in certain forms, Placnna for example, it is almost 
impossible to conceive the presence of soft; parts between tho 
valves. We compare the relative diameters between the Brach­
iopods and Monomyarians, to show how unlike they are in this 
respect. 
Diameter. BRACmOPODS, MONOlrYARlANS. 
Antoro-postcrior. Medium. Small. 
Dorso-ventral. Small. Vory large. 
Transverae. Large. Very small. 

By reason or 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 Unionidm, the highest family in the Lamelli· 
branchiata, the animal assumes nearlv a horizontal position in 
crawling, though the anterior end is aIwa)'s the lowest, and gen­
era1ly buried in th~ mud. Its embryos, like Monomyarians in 
shalle, are attached to the ovisac by the dorsal margin, which is 
st~lg~t, as in Pecten. (Lea's paper on. Embry~mic forms of 
Umomdre, JOlll'n: Acad. Nat. ScI., 2d SerIeS, vol. IV, plnte 5.) 
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By their violent shutting of the valves, while in embryo, 
they may, after birth, swim, even as Pecten swims i at all events 
they are said to become attached by a byssal thread whiJe 
young. Among the Gasterop'ods we have 0. few genera attached, 
or fixed, as in Magilus, Siliquaria, Vermetus, Spiroglyphus, 
Nerinrea, and Petaloconchus. These are now attaclied posterior 
end downward. In Calyptram 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 fonna i 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 re~ons of attachment, changing 
and following in the direction mdicated by the arrow A, in 
figure 1. 

1st, PolJ:zoa: dorsal attachment. 
2d, Brachiopoda: dorsal and anterior attachment. 
Sd, Tunicata.: anterior. 
4th, Lamellibranchiata: anterior and ventral attachment. 
5th, Gasteropods: ventral and posterior attachment. 
While we have thus seen that tbe area of attachment first 

sprin~s from the dorsal region, and gradually changes as we as­
cend 10 structure toward tbe anterior end, so we find the princi­
Ilal orgau of locomotion, i. e., the foot, is first developed from 
the ventral region, aud iu 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 
directly forward. 

Having personally communicated the substance of this paper 
to Professor James D. Dana, he has, in a letter to me, indicated 
certain &radient relations among the Lamellibranebs, Gastero­
pods, ana Cephalopods, as manifested in the special characteris­
tics of the head, 01' anterior part of the body, so clearly illus­
tmting the principle of cephalization that I now take the liberty 
of presenting them. In tbe Lamellibranehs the foot is a simple 
muscular organ developed from the ventral surface and protrud­
ing anteriorly. It is simply an organ or 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 or t}te Lamellibranchi­
ates, having oftentimes three weH characterized regions, called 
by Huxley, the .proo, meso·, and metapodium, tliese regions 
oftentimes supporting certain processes, e. g., cirri, opercula. The 
foot not only performs locomotion but in many cases bas the 



on tJla PI'inciple oj Cephalization. 29 

power of siozing and retaining its prey (e. g., Natica). The 
month has an apparatus for biting and triturating its foocl, being 
fumished with an upper jaw, or buccal plate, and a tongue, 
armed with siliceous particles. In the Cephalopoda the foot is 
so far dift'erentiated as to be separated into preliensile 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 seizin~ their prey, and perform­
ing also movements of aggressive actIon. In the higher forms 
of Cephalop'ods, the function of locomotion is delegated to other 
organs, whtle the arms subserve the uses of the head alone and 
the mouth, fumished with two powerful mandibles opposed ver­
tically, forcibly reminds us of 0. parrot's beak, or that of certain 
other vertebrates. Thus we have cephalic power manifested in 
the meohanical aotion of the foot. 

1st, Lamellibranchs-Locomotion. 
2d, Gasteropods-Locomotion, Prehension. 
Sd, Cephalopods-Locomotion, Prehension, and AWession. 
According to t'be principle of cephalization, cephalIC power is 

manifested either ns a mechanical, sensoriru, or psychical force. 
Thus the Cephalopods possess in the grentest measure, all three; 
while Gasteropods, not indioating, to any great extent, aggres­
sive aotion, may be said to manifest but little psyohical power; 
and the Lame1libranchiates manifest essentially only mechanical 
action. 

We have based the preceding considerations on the common 
structure of each class, and for comparison have given an arche­
type, ns it were, of each class (Series I). In continuing these 
archetypal figures, as illustrating the relative diameters and 
mean forms for each class (Series II and III), 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, tlint what follows is 
offered in reluctance, ns I have not at present the opportunity 
to verify the statements as I would wish. In Series IT the 
average lateral form of each class is given. In Series ill a 
tmnsverse section is given of the same figures in Series II. In 
Series II the arrow A indicates the direction of_posterior pole, 
and D indicates the dorsal region in Series II and TIr. In 
Series IV a line for each class is given, representing the average 
position of their antefOoposterior axis in nature (A, anterior 
pole, P, posterior pole), The central figures in Series II, TIl, 
and IV represent corresponding views of the Monomyarian& 
In the Polyzoa (Series II, P) the sac is lon~ and cylIndrical. 
the mouth and anus terminate at the postener pole, and· the 

• Wo U80 this wOrd in ita most genoral 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, 0), long 
and cylindrical, and in all cases mouth and anus opening ante­
riorlyj the arms surrounding the mouth only. Two 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 II, G) we have the same features, except 
that the parts are reversed again. In Tunicata (Series II, T) 
the sac is lengthened and swollen. Lamellibranchiata (Series 
II, 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 Phytozoio 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 wbat has 
been pointed out, we have unlooked for similarities, as for 
instance Disoina and Calyptrrea, or Terebratula and Hyalma. 
Among the Polyzoa and Cephalopoda, though no polarities are 
brouglit to mind, except those given above, yet we cannot help 
remarking how strong the resemblance is between the Polyzoa 
and Protozoa, througb. Vorticella: and if Vorticella belongs to 
Polyzoa, as Professor ~z appears inclined to believe, a few 
steps more brin~ us to the Ammonitic forms of the Rhizopoda. 
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 ill, we obtain a like order of polarity. Tbus the highest 
orders in Polyzoa and 'Cepbalopoda presents a circular section. 
Brachiopoda. and Gasteropoda are transversely oval; Tunicatcs 
and Lame1libranchiates are longitudinally oval, or in lower 
forms circular; while the MonomyariaDs have the dorao-ventral. 
diameter in excess, and the transverse diameter reduced to the 
minimum. 

In considering tbe 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 Gasterooods with posterior pole slightly e]e· 
vated, as 10 C~ia and allied. forms of BrachiOpods, and any 
coiled Gasteropod for example. Tunicates and Lamellibrancbi· 
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ates with the axis vertiool, 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 
lDdicating a further path of inquiry, which the writer considers 
fruitful and in'ends to f01l0w, than as points in any way settled. 

In nscertaining the mean position of the antero'posterior axis 
for the whole branch of Sacca.tB, (that is, the average) we find 
that a line at an angle of 45° would represent its position in 
nature i the lower end being anterior. In the Radiates a line 
througll the mouth to the opposite region of the bod,. wonld 
stand vertically. In Articulates the antero-posterior 1lX18 wonld 
be horizontal. Among the Vertebrates, Fishes would be hori­
zontal, as in Articulates i Reptiles have the head slightly ele­
vated i Birds and Mammals still more elevated; 80 that a mean 
line, for these classes might be drawn at an angle of 45°, the 
cephalio region being uppermost. Man stands vertical. Thus 
in a diagram we would have the following: 

2. 

'" 1 Man. 
"' Vertebrata. 

_ Articulata. 
/Saccata. 

/ • Radiata. 

I 
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 sao, in another an articulate sac, etc. Yat 
nowhere does this character predominate so universally, nor is 
it expressed so simply as in tlie Mollusca; the leading iaea 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 ~rincipal nerve mass was on the inner bend of the in· 
t.est1.ne. We would thus state their characters. 

SACCATA. 
(1.) Animals of varied jrJrmB, witMut a radiale 8tructure and 

witlwuJ artictdatitjns. 
(2.) 8tomack and viscera encloua by a jlah1l811C, which may be 

clIJsed or opm, at either one or both ends. 
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(S.) Principal nerve ma&ses, conBisting oj gangUa, which are ad­
jacent to, or surround the ceaophagtU. 

(4.) Intestine bending inward, .or having an outwardjfaure. 
(5.) Eeart,on the outer bend oj ,'ntestine. 

HOLOZOIC, OR anterior eDd. 1 GMI'lBIlOl'ODA. 
TYPIC. {

Sac OpeD a~ j OIU'lL\LOl'ODA. 

.3[0!1J~ open! SM OpeD at j L&!! LJJBIWfOllUTAo 
anlfriorly. both ends. 1 E 

Panos.)Jo, On{Bac open at j Tum 
811J111'1'PIO. posterior ond.l 0&1'''' 
JioulAopms 
portl1riurly. Sac closed j BUClIIIOl'ODA. . 1 POLliO ... 

We must now consider the relations of the Saacata to the 
other branches of the Animal Kingdom. In the paper of Pro· 
fessor Dana, above referred to, he has used the terms rupha­
typio, betatypic, and gammatypio, as a numbering of the grade 
of types, whether of branches, classes or orders; also, oelo\v 
gammatypic, we have degradatioDal' the Radiates are regarded 
as degradntionnl j and below this, hemiphytoid. He employs 
also, the terms used above, namely, Holozoic, for true animal 
forms, and Phy&ozoic, for plant-like forms. 

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

HOLOZOIC!. Belatypfc, G&8TEROPODA. { 
Alpbatypie, CEPlULOl'ODA. 

GrunJIllltypic, LA1lELLIDlWCCBJATA. 

JIITOZOIC. • I BUClIIIOl'ODA. 
P { Degmda~iooal. j TumoArA. 

Hemlphytold. POLYZO.A. 

Prof. Dana has pointed out many interesting parallelisms be­
tween the groups of the different branches. Let us now look at 
the parallelisms between the groups above indicated, and the 
other branohes. Cephalopods approach nearest the Vertebrates 
through their lowest class, the flSlies, and already many interest­
ing analogies ha.ve been pointed out between them. 

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

Or, in considering their freedom or fixedness in life, we have 
Oephalopods free, as in all Vertebrates i Gasteropods, a few 
fixed, as in Articu]ates; Lamellibranohio.tes, many fixed, as in 
Saccata, with relation to the other Branches. Tunicates, the 
greater portion fixed, though they do not compare so well with 
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the Radiates in this respect, but Bmchiopods and Polyzoa fixed 
as in the lowest class of Radiates, tho Polyps. 

We ,vould thus have 
ALPIfA'l'Yl'IC, Oephaloporh, 
GAWlATYl'IC, GIUI'e~tl&, 
BEl'AT\'1'JC, LamelhbrllncAilltt8, 
DEOIWIATJOIfAL, j ~niCl!ti.. t 1 Brlldlopod8, f 
BSUIl'J1YTOID, PolyzotJ, 

Ytr,ebratu, 
..drltculaUl, 
Saccatu. 
RGdiatu. 

Radiate" 

ExPL"l'IATJOlf OIP '11m PLAft< 

li'iahce. 
Worms. 

Polyps. 

Bllams L Represo~ts B typical fi!rrro oC each prin~pal g~up in Mollusca-viz:, 
P, POlYIOBi B. Bl'llcllIopociBi '1', TunlC:atai L,.LamelhbrancluBta; G. GasteroJ)Odai 
aad C, OephalopodB-(M, indicating MonomyariB oC tho second serloa). 1i'b08lJ 
flg1fres are represented antorior end downward, the d01'8ll1 region being turned to 
tlio left. The tube within each cut. represents tho intestine, tho larget' end at 
which is the mouth, and the smaller end the anus. The harp.sbaped fiBure repre. 
sents tho heart, and the star represents the pedal gnnglioD. 

S&UIB8 II. Reprtl6Cnts similar ,Iews, witb Jess detaiL Tho dorsal reg!on in this 
aerios is uppermo8t, and the posterior end is turned to tbe leR, as iadieatetl by arrow 
A. The curved line Indieates the IntMine, the large end being the moath. 

SlmIES ilL Represents tfllJlSVorao eectiODlJ oC corresponding figures ia Series II. 
SIIIW:8 IV. Represents the mean position in aatare, of tho utero-posterior uos 

of the fip're8 represented above: A, Anterior pole; P, Posterior pole. The vem. 
cal rowa or 6gurCa are identical. 






