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THE ANATOMY OF NAUTILUS POMPILIUS

15Y LAWRENCE EDMONDS GRIFFIN.

Briiff Fclliiir of .Tohvx Iliijth'iiia VnhvrxitiJ.

rrnmmiinii'uli'il by Prof. Wii.i.iAM Keith Biuidkp.]

INTRODUCTION.

Ill the year 1890 Mr. Louis F. Menage, of Minneapolis, Minnesota, generously enabled the

Minnesota Aeademy of Sciences, of the same city, to make scientific collections in the Philippine

Islands. Prof. Dean C. Worcester and Dr. Frank S. Bournes made the expedition to the

islands for the Academy, gathering- in the course of their three years stay a large collection of

scientific material.

Certain anatomical material was comprised in the collection. This the Academy placed at

the disposal of the Department of Animal Biology of the University of Minnesota.

In the collection of anatomical material were sixty-six specimens of Nwiitilm ]}ompilim. It

is these specimens which Professor Nachtrieb allowed me the privilege of studying after I came

to him as a student of zoology, and upon which the following papei- is based.

While the specimens were not sufficiently well preserved to allow of histological study

throughout, they were, for the most pait, excellently preser\-ed for anatomical study, Professor

Worcester having taken care that they should not be contracted, and that they should lie as

well preserved as the circumstances permitted. Some of the external parts, however, were

found to be in good order for the study of their microscopical anatomy, if not for cytological

study.

My studies upon the Pearly Nautilus were commenced at the University of Minnesota, under

the guidance of Professor Nachtrieb. I wish to express my indebtedness to him for the rare

privilege of studying this material, in which I have found great pleasure as well as profit, and

to thank him for much kindness and many helps in the course of my work.

The work has been completed since I came to Johns Hopkins University, and I wish to

express my gratitude to Professor Brooks for his interest in my work and for advice and

assistance which have enabled me, I hope, to corrtnt or to avoid some of the faults to which my

inexperience lays me liable.

Professor Worcester has also been very kind to me in furnishing me with what information

he possessed in regard to the occurrence, habits, and mode of capture of the Nautilus.

The soft parts of the Nautilus remained unknown until th(> year 1832. It is true that long

before this Rumph had published a figure of the animal, accompanied by a description of its

habits and portions of its anatomy, but the figure is not remarkable for its clearness, and the

description was unintelligible untii elucidated liy th(^ figures and accounts of later observers. At

a later date than Rumph, Quoy and Gaimard puldisiicd a notice regarding what they sui^posed

to be a portion of the body of a Nautilus.

In the year mentioned Owen published his famous Memoir on the Pearly Nautilus. This

still remains the ])est work wiiicli we iiave upon the anatomv of Nautilus. When we consider
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that Owen had but a singlo specimen for disseetioii and no guides in his work, we can not hut

recognize the patient genius which enalih^d him to produce so complete, clear, accurate, and

enduring a work.

The work of Valenciennes (1841) added to our knowledge minor facts which Owen had not

described, beside correcting Owen in a few slight errors.

Both these anatomists had female specimens. Van i>ek Hoeven (1s48. 1856) was the first to

dissect and describe a male Nautilus.

Between then and now numerous papers have appeared treating of various points in the

anatomy of Nautilus. But still its development is entirely unknown. Only recently VVilley

has spent a considerable time in New (ruinea in the endeavor to obtain its embryology. He has

l)ublished a number of interesting papers upon details of its anatomy and its hal)its. and has

succeeded in obtaining fertilized eggs, but has so far kept silence regarding their development.

Such a paper as my own may seem superfluous to many in view of the numerous papers

which have already been published upon the same subject. But I hope that it will have a useful

place since I have endeavored to gather together the various disconnected accounts of Nautilus

anatomy and, adding to them what new facts I have been able to discover, to publish an account

of the gross anatomy of Nautilus which shall be as complete as possible. Few persons have the

opportunity, and still fewer the time to examine all the various papers on this subject, so I hope

that, beside adding to our knowledge of Nautilus, this paper may be found I'onvenient by the

student of comparative anatomy.

Although the shell of the animal uiight properly l)e considered in an anatomical description,

in this case it is so well known that another description of it by me would serve no good purpose.

The Nautili of the Menage collection were captured in water of 1,800 feet depth ofl' the south-

ern coast of Negros, Philippine Islands. An extract from a letter of Professor Worcester to

the Minnesota Academy of Natural Sciences tells of the mode of capturing the animals.

"Their (the natives') method is to lower a large bamboo basket, baited with meat, in six or

eight hundred feet of water. This basket is made on the principle of the old-fashioned rat trap,

allowing the animal to enter easily Inxt preventing its escape. Every morning these traps are

drawn up for inspection, and a single one sometimes contains four or five live Pearly Nautili:

which are sold for food, bringing about 4 cents apiece."

This was written after a preliminary examination of the ground, but several months before

the capture of the specimens which were sent to this country. The specimens taken by the

expedition were caught in deeper water than that mentioned in the letter.

The natives ordinarily set their traps for a deep-sea food fish, the capture of the Nautili

being in a measure accidental, at most, incidental.

Nautilus is not confined to deep water. It has generally been found there, but Willey has

also obtained it in water only 2 or 3 fathoms in de])th.

Nautilus is carnivorous, and apparently i)rcdatorv. the crop and stomach of captured

specimens being usually filled with fi-agments of Crustacea, or the chicken, or fish, or whatevei'

other meat is used for baiting the trap. The appearances indicate that it feeds mostly upon a

species of decapod crustacea. These are devoured sh(>ll and all. The jaws appear strong-

enough to crush an}' moderately thick-shelled mollusk upon which the Nautilus might happen.

Willey (1897,1) says: "One of the surest ways of obtaining Nautilus, and in fact, the

mctliod by which I have obtained most of my specimens at Lifu, is to bait the fish basket with

the cooked and brui.sed exoskeleton of Palinurus, or an allied form. The strongly scented

'potage' so produced is then wrapped up in cocoanut fibre like a small parcel, and then placed in

the fish trap overnight. There is therefore nothing to ])v seen, but on tlie other hand there is

sonu'thing to be smelt, and by this means I have obtained as luany as ten Nautili at one time."

While this observation points to the probability of Nautilus being chiefl}' guided by its sense

of smell in the capture of its prey, it is not by any means proof that the eyes are not also useful

in this action. We would rather exjsect that smell would l)e the guiding sense from the fact

that the Nautilus is usually found at great depths where darkness must prevail, and from the

simple character of the eyes.
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GENERAL SKETCH OF ANATOMY.

The Nautilus occupies ii light gracefully formed shell, which is beautifully marked with

alternating bands of reddish brown and white, except near the mouth, where the dark bands do

not interrupt the white ground. (Fig. 11). The shell is coiled dorsally (exogastrically ) so that the

older parts are completely hidden by the younger. An adult shell has about two and a half

whorls. As the Nautilus increases in size it grows forward in its shell, leaving an unoccupied

space behind itself. At frequent intervals it forms septa which completely separate the unoccu-

pied portion from the living chamber of the shell, except at the centers of the septa, where they

inclose a tubular process of the body wall, which extends to the oldest chamber of the shell.

(Fig. 1.) The unoccupied chambers of the shell are tilled with a gas which resembles air in its

composition, but having a slightly greater proportion of niti-ogen than the latter.

When the Nautilus is in its natural position the involution of the shell is uppermost, while the

mouth of the shell is below and turned forward. (Fig. 1.) The body is now nearly horizontal;

the head, surrounded by tentacles, is anterior; the siphuncle is near the po.sterior end of the

body; the funnel is upon the ventral side, and the depression which receives the involution of

the sheU marks the dorsal side of the body. (Fig. 2.) The orientation of the Ijody and the

description of the anatomy are made more difficult by the upward curve of the posterior part of

the body. Thus, the siphuncle springs from the dorsal surface near the posterior end. and not

from the extreme posterior end of the body. (Fig. 2.)

The body of Nautilus is roughly oblong, and between G and 7 inches in length. The anterior

portion of the animal which projects from the shell, comprising the cephalic and nuchal regions,

with the jaws, organs of sense, motion, and adhesion, is tough and muscular. The posterior

portion of the body is covered and protected by the shell, and consequently the body wall is here

so thin that the viscera can easily be distinguished through it.

The part of the body contained within the shell conforms exactly to the latter. In the middle

dorsal region the body is deeply hollowed to receive the involution of the shell. All other

portions of the body within the shell are smoothly and evenly convex. The anterior part of the

body is covered by the large triangular hood. At the sides and ventrally are th.> numerous

digital tentacles, the sheaths of which, fused to each other and the hood, form a solid wall around

the mouth parts, to which the name cephalic sheath has been given. Within the cephalic sheath

are the projecting parrot-like mandibles, surrounded by several groups of smaller tentacles.

Beneath is the large muscular funnel, the crura of which pass upward upon the sides of the body

just liack of the bases of the tentacles to the upper edges of the body, where they are joined by

the crescentic ridge extending across the back of the hood. (Fig. 2, CR.) In the angle between

the projecting posterior corners of the hood, the back of the cephalic sheath and the crura of the

funnel, are the large round eyes (E). Two tentacles, the pre- and post-oculars (Fig. 1, O'. O").

spring" from close to the base of each eye, while just beneath each eye is a small projecting

pyramidal organ supposed to have an olfactory function.

The mantle fold projects freely entirely around the body. The edge of the mantle is attached

along the edge of the shell, but from the umbilicus of the shell upward it extends as a convex

fold'c-overing the dark portion of the involution of the shell. The mantle cavity is shallow dor-

sally, while very deep and capacious ventrally. The organs of the pallial complex are all within

theVentral poi'tion of the mantle cavity. (Fig. 3.) The four gills, the renal, pericardial, and anal

orifices, and certain papilhe sometimes spoken of as osphradia, are borne by the mantle. In adult

females the inner side of the mantle also bears a large bilateral nidamental gland. (Fig. -1, N.)

The reproductive oritices are situated upon the body wall near the origin of the mantle. The

mantle is continuous posteriorly with the thin and transparent wall of the visceral poi'tion of

the body.

The body wall is produced froiu the end of the body as a slender tube, the siphuncle. which

extends within the siphon of the shell to its very end. (Fig. 1, fig. 2.) At the sides and above

the middle of the body are seen the crescentic areas of attachment of the strong shell muscles by

which the bodv is held to the shell. (Fig. 1. SM.) Beside these areas of attachment, the wall of
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the l)ody i.s attached to the shell along- three aponeurotic bands, two ventral and one dorsal, whicii

extend itetween the ends of the areas of attachment of the shell muscles. (Fig. 1.)

The division of the body of the Nautilus into cephalic, nuchal, and visceral reg-ions is not as

distinct as it is in many dibranchiates. At times it proves convenient to recognize such divisions,

although they are entirely without morphological importance. For this rea.son we may consider

the cephalic region to be that which bears the tentacles, buccal mass, and eyes. A section through

the body just back of the eyes would also pass just back of the central nervous system. The

nuchal region is that of less girth, which extends between the posterior edges of the cephalic

sheath and the attachment of the mantle. Accordingly, this bears the funnel and its crura, the

reproductive orifices, and the mantle. The visceral region comprises the remaining posterior

portion of the liody, the wall of which we have already noted as thin and semitransparent.

THE TENTACLES.

A.—DiOlTAL TeNTA('I,ES.

For the purposes of description each tentacle will b(> considered to consist of two parts—

a

cirrus, which is the active part of the organ, and a sheath which forms a protection for the

cirrus. The sheath of certain tentacles is lacking (or undifferentiated), the cirrus, never nor-

mally. In this application of the terms we need not take into account the probable morphological

importance of the sheath.

The digital tentacles include those tentacles which form the cephalic sheath and hood. Each

is composed of two parts—a retractile (or extensible) adhesive cirrus, and a tough, thick-walled.

more or less rigid .sheath into which the cirrus may be entirely withdrawn. (Fig. 1, C: Fig. 4'.i;

Fig. 5(1.) This is the essential structure of not alone the digital tentacles, but all the tentacles

with which a Nautilus is so generously supplied. Whatever differences there are. they are

moditications of this plan.

The digital tentacles are symmetrically arranged upon each side of the head, according lo

the diagram presented in text-ffgure -2. CS, p. 116. A careful examination of more than tifty

specimens has led me to make this statement in the face of other statements denying any regularity

of arrangement of these tentacles. Whether each individual tentacle, as determined liy the inner-

vation, alwavs occupies the same identical position is more than 1 can assert, l)ecause of the

extreme difficulty of satisfactorily following the nerve to each tiMitacle. However this may l)e,

the arrangement of the tentacles follows a definite plan from which variations were found in only

five specimens out of fifty-one examined at one time. * PLxcept in one case the variation occurred

upon one side only. I see no especial morphological importance to be attached to this ai'range-

ment; nevertheless, the fact is interesting and its knowledge may sometime he helpful when the

development of Nautilus comes to ))e studied.

As has already been mentioned, the i-ephalic sheath is formed by the fusion of the sheaths of

the individual digital tentacles. The hood, which forms the entire doi'sal part of the cephalic

sheath, is itself composed of the enormously developed sheaths of two tentacles. (Fig. 1, Ho:

Fig. -2, Ho.A.) The hood is roughly triangular in shape. It is thickest in its middle posterior

part, sloping from here to thin edges anteriorly and laterally. It i)resents three superfiriul fascia^

(Fig. 2); a dorsal about an inch in width sloping downward and forward to the anterior edge,

and two lateral which slope from the middle fascia to the lateral edges. The dorsal fascia main-

tains an equal width throughout its length—this vaiwing in different specimens between I.s

and 2,5 millin)eters. Accordingly the anterior edge of the iiood is approximately straight atid

not pointed. The lateral fascia", however, are widest oppf)site the posterior end of the mid-

dle fascia, gradually narrowing to a point anteriorly, and to a l)Iunt lounded extremity pos-

teriorly which overlies the umbilicus of the shell. The posterior surface of the hood is pressed

cioselv against the involution of th(> shell, and following its shape is deeply concave. Tli(> postero-

*The tentacles of a ddzi-ii otlier specimens since examined have coiitunned to the same plan.
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lateral corners lying against the umbilici of the shell arc sometimes spoken of as the auricles of

the hood. (Fig. 2, Ho. A.) In most specimens a slight groove runs along the middle of the

dorsal fascia of the hood, although it is frequently absent.

Scattered more or less evenly over the surface of the hood are numerous small papilhe. The

possibility of these possessing a tactile function is immediateh' suggested, but my material shows

no structure to confirm it. The papillse are differently distributed upon different Nautili, in

some being most thickly jjlaced upon the median poi'tion of the hood, in othei's upon the lateral

parts. But comparing one specimen with another, the papilla- may be said to be evenly distrib-

uted over the entire surface.

In the anterior edge of the hood are two .small openings leading into deep cavities, in each

of which is a cirrus exactly similar to the cirri of the neighboring tentacles. (Fig. '2, Ho.C.) The
presence of the cirri, the innervation and the anatomical relations of the hood, and the fact that

the neighboring tentacles are sometimes closely fused with it leave no doubt that the hood is

composed of two tentacles, the sheaths of which have become much enlarged and closely fused.

It seems probable that the hood of the Nautilus, aside from its other uses, serves to protect the

animal when withdrawn into its shell in much the same way as the operculum of a Gastropod

protects its owner. It is noticeable how closely the hood of a strongly contracted Nautilus lits

the opening of the shell.

A cleft of varying depth existed in the middle of the anterior edge of the hood of several

specimens in line with the median groove before mentioned. This may be an indication of an

originally less completely fused condition of the hood tentacles.

Below the hood are eighteen digital tentacles upon each side. Including the teutai'les

forming the hood there are thus nineteen upon each side, a number from which I found no varia-

tions in any of sixty-six specimens. But that variations in the number do occur is proved by the

fact that RuMPH and Owen each counted twenty tentacles upon a side, while Valenciennes
found onU' eighteen upon a side in his specimen. In another specimen Owen found only seven-

teen tentacles upon one side, while the number was normal upon the opposite side.

The sheaths of the digital tentacles are fused to each other except for a distance of about

half an inch at their tips. The exterior of the cephalic sheath is made rough by the projecting

angles of the tentacle sheaths, and by this means the course of the individual sheaths can be

followed to a certain degree. The internal surface, on the other hand, is perfectly smooth excejit

at one point. The exception is posse.ssed hy the female only. I'pon the outside of the cephalic

sheath are seen four tentacles which are so much smaller than the others that they do not begin

to reach the anterior edge of the sheath.

The tentacle next the hood on each side possesses a much larger sheath than the remaining

lateral tentacles, the increase in size being especially expressed in breadth. The sheath is

considerably flattened and overlaps the next lower tentacle sheath as it is itself overlapped by

the edge of the hood. It is usually fused along nearly its entii"e length to the ventral side of the

hood, leaving a crease where the edge of the hood projects. (Fig. 1; Fig. 2, DT".) Its outer

surface bears papilla3 like those upon the hood. Normally the tip of the sheath is entirely free,

but occasionally its .sheath and the hood are so closely fused that no line of demarcation can be

observed, the tips of the sheaths being included in the fusion. Rarely other more lateral

tentacles maj' be included in this dose fusion, so that the area of the hood may be considerably

increased.

The remaining tentacles present no differences beyond those of size and shape which we may
expect to find. The tips of the sheaths where their shape is unaffected l)y fusion are roughly

triangular or quadrangular. Usually one of the angles is turned outward, and this may be

(continued as a distinct ridge nearly or quite to the posterior edge of the cephalic sheath.

At the sides of the head the posterior part of the cephalic sheath falls awa\- abruptly to the

level of the nuchal region. (Fig. 1.) These posterior faces are quite smooth. From the hood thej'

slope first down and ])ack, then, from the level of the lower edge of the eye, they slope down
and forward. The faces become narrower as they pass downward and gradually disappear upon
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the ventral surface of the cephalic sheath. The eyes are situated partly within the angles

between the auricles of the hood and the upper portions of the just described posterior faces of

the cephalic sheath.

In the ventral surface of the cephalit' sheath is a broad and deep channel, into which tits the

dorsal part of the funnel. (Text-tig. 2; Pi. :>, Fig. 8.) The anterior edge of the sheath, in line

with the channel, is deeply notched, so that ventrally the tentacles of the two sides are widely

separated. (Figs. 24 and 2.5.) Partly surrounding and extending back from the edges of the

ventral notch in the cephalic sheath of the female is the exception previously noted to the

complete smoothness of the inner surface of the cephalic sheath. (Figs. 2-1 and 25.) We see here

a large number of low, narrow, glandular lamella? extending parallel to each other from side to

side of the area. The lamelheof the anterior half of the organ frequently radiate from centers at

each side of tiic notch in the sheath. Consequenth', while their median portions extend trans-

versely to the axis of the body, the lateral portions turn more or less sharply forward. The
posterior lamelhe do not reach the centers referred to, and so the forward bend at the sides

])ecomes less and less pronounced as the l)a(k of the area is approached. Finally the most poste-

rior lamella^ are almost straight.

Consideral)lc differences exist in the shape of this area in different specimens. The one

which I ha\'e described and tigured in Fig. 2-t seems to ])e quite rare, although for a considerable

time I thought it to be the normal shape. Instead, the lamella^ rarely meet at such centers as I

have figured. The differences in the descriptions of various authors suggest that practically the

only constant feature may be the presence of numerous lamellpe, while their arrangement is

capable of a high degree of variability. Frequently the area is nearly or quite separated into

two portions by a median furrow. Valenciennes and Lankester refer to the organ as a paired

structure. Owen describes it as consisting of "two clusters of soft conical papilhe. and on each

side of the.se a group of lamina? disposed longitudinally".

As noted, the organ, as it may fairly \h' called, exists in the female only. Slight folds of

the skin are often found in the same region of the male, but they are evidently adventitious,

resulting from contraction, and do not in any way represent a structure similar to the one

possessed by the female.

The lamellse of the female form an organ for the retention of the spermatophore. In the

case figured (Fig. 25) the spermatophore is arranged with unusual symmetry. In no other

instance was it so nicely coiled as in this, though it was always spread out upon the surface of

the lamellfB so that few coils overlapped. The coils of the spermacophore were in all cases so

firmly glued to the lamellte that it was impossible to remove them without breaking either

lamella? or spermatophore. Kerr mentions that in his specimen tiie spermatophore was
partly embedded in the coagulated secretion of the lamella\ The secretion has not been so

noticeal)le in my own specimens, being only sufficient to liold the sperniatophores. luit that very

tightly.

Having considered the digital tentacles as a complex, the cephalic sheath, let us now consider

their individual structure. It has been noticed that each tentacle comprises two parts, namely, a

slender retractile cirrus and a tough sheath within which the cirrus may be entirely withdrawn.

The completely extended cirri are often fully twice the length of the sheaths. They are

supple and slender, tapering slightly to a bluntly rounded point. Average dimiMisions of the

larger cirri would be 10 centimeters in length by -t millimeters in diameter. Each cirrus pi-esents

throughout its length, except the basal portion, a series of narrow annular grooves and ridges.

(Fig. 50.) These var_v in numl)er according to the length of the cirrus. Upon a cirrus of

ordinary length there are 50 to 60 ridges. The cirri are ordinarily three sided in the portion

which is coramoidy extended outside the sheath, the broadest and flattest side ))eing turned

inward toward the mouth. Exceptional cirri which are round are quite common, and in any
case the outer angle of the cirrus is miu-h rounded, and the portion which remains inside the

sheath is always nearly round, Ix'ing flattened only slightly upon the inner side. Willey states

that the outer sides are deep l)rown in color, while th(^ inner side is of a pale neutral tint. A
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usual, but not a constant, feature is a .shallow longitudinal groove occupying the middle of the

inner face of the cirrus. (Fig. 49.)

The annular grooves are much deeper upon the inner side than upon the outer sides, and as a

consequence the alternating ridges are also much more prominent upon the inner side. (Fig. .50.)

To use a comparison, the cirri are somewhat like high piles of thin, flat disks, fastened together

through their centers. This comparison, however, applies closely to the terminal third or half

of the cirrus only. Upon the proximal part, which is always retained within the sheath, the

annular grooves quickly disappear on the outer surfaces. The grooves persist on the inner side,

gradually becoming fainter and fainter, until within a couple of centimeters of the proximal end

of the cirrus. The proximal end of the cirrus is usually perfectly round and perfectly smooth;

it tapers slightly to the base, which has about half the greatest diameter of the cirrus. The

terminal disks are broken oti' with great ease; the query arises if regeneration of some sort does

not take place. The inner projecting part of each disk forms an adhesive organ, the structure

of which will presently be described in detail.

The tissues of the cirrus are continuous at its base with the tissues of its sheath. The

sheaths of the larger tentacles have a depth of about 6 centimeters. The epitiielium extends

from the surface of the cirrus upon the inner surface of its sheath, and over the margin of the

latter upon the surface of the body. The free portion of each sheath is usually angular and

slightly tapering. At its blunt extremity is a round, oval, or slit-like opening, through which

the cirrus projects. The cavity of the sheath frequently extends to near the cephalic ganglia-

much farther, therefore, than there is any external indication of the individual sheath. With

the exception of those two which form the hood, one .sheath is very much like another. The

reasons for believing the hood to be composed of the greatly enlarged and closely fused sheaths

of two ordinary tentacles have already been given.

The tentacle sheaths are composed of a dense felt of large, branched elastic tibres; its inter-

stices are occupied by white fibrous connective tissue fibres and nuclei. Small scattering bundles

of longitudinal and transverse muscle fibres traverse the sheaths. In places the longitudinal

nuiscles approach a regular arrangement. The amount of muscular tissue is, however, so small

that there can be but very little movement of the individual sheaths. The external surface of

the sheath is covered by a coliunnar epithelium, the cells of which measure 52/< by -iM-SM; the

cells lining the cavityof the sheath are much lower, being only -I-i/^ by 3/<-6/< in their dimen-

sions. Both inner and outer epithelia contain very numerous glandular cells. The oval nuclei

are situated in the lower half of the cells, but do not all lie in one plane. Large capillaries with

endothelial A\alls are surprisingly numerous in the tissues of the sheath, and here, as elsewhere,

the capillaries do not collapse when empty. But the vascular system is not completely closed.

The tissues of the sheaths are like a fine mesh work, in the spaces of which the blood flows freely.

There is no dermis.

The hood presents some modifications of this plan. The cells of the epithelium measure

36/< )jy i/<-6/<. Immediately beneath the epithelium is a dermis formed by a layer of particularly

closely woven elastic fibres which, on account of its density, is easily distinguished ))y the naked

eye from the underlying tissue, although it can not be readily dissected awa>-. The dermis is

almost entirely destitute of muscular fibres and is penetrated in every direction by great num-

l)ers of vascular lacuniv. But even in the hood the dermis is not an absolutely constant char-

acter. Throughout the hood numbers of capillaries with endothelial walls can be seen. The

capillaries are of large caliber and, curiously enough, remain open when empty, so that their

cross sections are circular. In the posterior part of the hood many large muscles run in \arious

directions just beneath the dermis. They form a layer which seems to have much to do with the

contraction of the posterior portion of the hood. The muscles become smaller and less nmuer-

ous toward the outer side and the deeper portions of the hood.

Posteriorly the hood is concave and tits snugly around the involution of the shell. The

epithelial cells of this are smaller than those of the upper surface of the hood and of the remain-

der of the cephalic sheath, their dimensions being 28/< by 3//-6//. The epithelial cells of this

surface as well as those of the upper surface of the hood are loaded with fine granules of a
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Iirown pii;inent. In .sections the pigment appears as a dark l)and near the outer ends of the cells,

a narrow unpigmented band being outside this, while the pigment granules gradually disappear

toward the bases of the cells, leaving this region also uncolored. These surfaces of the hood

In-ai' Muniereus small pits lined with the pigmented epithelium. Granular cells are exceedingly

numerous, especially upon the concave posterior face of the hood. It seems proljable that the

dark brown, sometimes black, layei- of organic matter found upon the involution of the shell is

deposited by these cells. The thin crescentic ridge which projects from the posterior face of

the hood does not possess a pigmented epithelium and may not play any prominent part in the

deposition of the dark layei'.

The great density of the elastic tissue makes the cephalii^ sheath exceedingly tirni and ditii-

cult to penetrate. It must afford a very considerable protection to the Nautilus.

A cross section of a cirrus shows a highly muscular organ, usually of triangular outline

in its terminal third. (Fig. 4'.t.) Near the center is a large nerve which extends the entire length

of the cirrus. (Fig. 50. N.) The nerve is situated toward the inner side of the cirrus, i. e., toward

the flattened side turned toward the mouth of the animal. Close to the nerve and upon its inner

side is a small strong walled artery (A), and still closer to the imier side of the cirrus is a some-

what larger vein (V). The nerve is surrounded by a sheath of connective tissue and muscle

fibres (T), while outside this is a mass of longitudinal muscles forming the greater part of the

cirrus (LM). The connective tissue and muscle til)res surrounding the nerve are mostly trans-

verse to the axis of the cirrus, and they pass outward hi such a way as to divide the longitudinal

muscles into radiating Inmdles which appear in cross section like the spokes of a wheel. The
radial arrangement is almost lost upon the inner side of th(> nerve, where the muscle bundles

become small and irregularly arranged. The radial longitudinal muscles do not extend to the

periphery of the cirrus. They are bounded by a narrow band of oblique muscles (Fig. 51, OM).
Outside this is a layer of small bundles of longitudinal nuiscle flbres (LM.); while outside the

latter is a thin layer of circular muscle fibres (CM). The outer muscular layers lose their identity

upon the inner side of the cirrus, where ti'ansverse muscles predominate. A thin layer of con-

nective tissue frequently separates the external circular muscles and the epithelium. The peculiar

arrangement of the longitudinal muscles persists for a time after they enter the body wall at the

base of the cirrus, but it is then lost as the muscles separate.

If, now, we examine the radially arranged longitudinal muscles more carefully we find that

each muscle is composed of a large number of small fasciculi, held in a mesh work of connective

tissue into which penetrates an occasional transverse nuiscle fibre. The fasciculi of the longitu-

dinal nmscles do not extend straight up and down the cirrus, but have a slightly oblique course

upward and inward; i. e. , as the muscles pass toward the tip of the cirrus the fasciculi pass from
the outer to the inner side of the muscle. (Fig. 50, LM.) The fibres of the fasciculi, however,

take a course parallel to the axis of the cirrus and are only rarely oblique to it.

The transverse muscle fibres radiate in all directions fi'om aljout the nerve, passing between
the longitudinal nmscles and penetrating the outer circular layer. (Fig. 51.) The fibres are gath-

ered into strands, few of which, however, radiate directly outward from the nerve, though at

first sight they may seem to do so. Most pass in an hyperbolic curve from between two longi-

tudinal nmscles to between two others about 90 degrees away. Under this arrangement, when
the transverse muscles contract, the outer portions of the cirrus alone are compressed and the

nerve is nt)t disturbed. After repeated examinations I am convinced that these are actually mus-
cle fibres and not some form of connective tissue which, in the in\'ertebrates, is often so hard to

distinguish from muscle tissue. There is also considerable connective tissue in the transverse

strands of the cirrus.

The fibres of the longitudinal muscles of the cirri are unstriated, smooth, slender, and
exceedingly long (400 n to 600 //), 'Hid tapering gradually to pointed ends. An oval nucleus

lies at the side of the cell near its middle. There is very little elastic connective tissue in the

cirrus.

Tlic retraction of tlic cirrus is accomplished V)V the longituiluial muscles; the elongation by
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the circular, oblique, und transverse muscles. Their peculiar arrangement enables the cirrus to

elongate or shorten without anv undue pressure upon the central nerve. The arrangement of

the cirrus muscles is very similar to that in the arms of the Octopoda and Decapoda. In these

also there is a large, nearly central nerve, surrounded by a mass of connective tissue and trans-

verse muscle fibres. Around this are the longitudinal muscles, which are also arranged radially.

But instead of forming a complete circle, as in the cirri of Nautilus, the longitudinal muscles form

two to four separate masses. In its essential features, however, the arrangement is remarkably

similar in both the Di- and Tetra-branchiata.

It has been mentioned that between the annular grooves of the cirrus arc comparatively wide

projecting ridges, which show well in a longitudinal section of a cirrus. (Fig. 50.) The ridges

are aiuuilar, extending completely around the cirrus. The inner portion of each annular ridge

projects considerablv more than the outer portions and forms an organ of adhesion. Into this

projecting portion great numbers of uuiscle fibres extend nearly perpendicular to the inner sur-

face. (Figs. 50 and 51.) The arrangement of the muscles in this region is very peculiar. Naturally

there are almost no longitudinal fibres present. As the transverse muscles issue from between

the inner longitudinal umscles they seem to branch to form an extensive Inrush, the outer ends

of which are applied to the basement membrane. The muscle fibres are not branched, Init are

so attached to one another (like the straws of a liroom to the handle) as to form a central strand

which passes between the longitudinal muscles. (Fig. 51, R:\I.) This strand can be traced in an

arc, as has been described for other transverse muscle fibres, across a portion of the cirrus till it

passes outward lietween longitudinal muscles. Apparently the central strand serves as a sort of

tendon to the radiating fibres of the inner portion of the annular ridge. These radiating fibres

are short and thick, and ciuite unlike those in the other portions of the ciri-us.

As each strand forming the so-called tendon runs to an opposite portion of the cirrus the

contraction of all these can scarcelv take place without causing some contraction of the cirrus in

a transverse direction, i. e., a lengthening of the cirrus. Possibly many of the arcuate trans-

verse fibres share in this action.

As the contraction of the radiating fibres within the inner portion of the ridge would pull

the inner face of this latter inward, a sucker is thus formed. If these suckers were applied to

any object the effect of the contraction of the transverse fibres in the body of the cirrus would

be" not to lengthen the latter, but to increase its rigidity, and thus increase the mechanical effi-

ciency of the^suckers along it. Any one such sucker would possess but little holding power.

Init thirty or more suckers upon each of thirty or more cirri must be able to hold very strongly.

WiLLEY says that ••most of the tentacular appendages of nautilus have essentially an adhe-

sive function, to which is related a prehensile function. They are employed for seizing hold of

food and for attachment to surfaces. Attachment is effected by the definite suctorial ridges

upon their lower and inner surfaces. When attached by its tentacles, nautilus holds on with

considerable tenacitv, and sometimes in forcibly detaching it some of the tentacles break off and

remain fixed to the surface of attachment." In Fig. 1. pi. 11, Q. J. M. 8. 10, AVilley repre-

sents a Nautilus holding to a glass vessel.

In considering the remarkable holding power of cephalopod suckers we must remember

that attachment is effected under water, so that a perfect vacmmi is possible. Another condition

must affect the deep-sea forms like Nautilus much more, namely, that they are under a pressure

of 20 to 80 atmospheres, where any vacuum attachment would be immensely more powerful

than at the surface.

The nerve of the cirrus extends throughout its length, remaining of the same size nearly to

the end. It tapers slightlv here and ends abruptly immediately beneath the epithelium of the

tip of the cirrus. (Fig. 50.) Ganglion cells are found at the periphery of the nerve as far as it

runs in the cirrus. (Fig. 71 . ) Biit in regions corresponding to the annular ridges aggregations

of ganglion cells are found which form annular enlargements or ganglia upon the nerve. There

is a ganglion for each and e\ery annulus. Numerous small nerves arise from these ganglia and

pas.slo tlie external parts of the cirrus. Branches to the inner portions are especially numerous.
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The nerves to the dii>ital teutaeles arise singly, as a rule, from the outer edges and lower

side of the pedal ganglia. (Fig. 41, 9.) Only the nerves to a few of the more dorsal tentacles

arise from a common nerve. (Fig. -il, 10.) The hood receives branches from several nerves.

A small artery with thick elastic walls is found close to the inner side of the nerve. (Fig. 51,

A.). Just outside this is a much larger vein. (Fig. 51, V.) Both vessels are elliptical in cross

section. This position of the artery and vein is so characteristic that even in extremely modified

cirri, such as those of the spadix, thi^ inner side of the cirrus can be determined at once in

sections by the position of the vessels.

Between the epithelium of the cirrus and the circular muscle are numerous, ^•erv large,

capillaries with endothelial walls. Closed capillaries are occasionally, but rarely, found in the

muscular and nervous tissue. Here the circulation takes place through minute fissures in the

tissues.

lumiediatcly behind the cerebral ganglion the dorsal aorta divides into two branches—the

innominate arteries, from which arise branches to the eyes, buccal mass, labial tentacles, funnel,

shell muscles, and cephalic sheath (Text-fig. 10). The posterior portion of the hood is supplied

by small arteries arising directly from the iunomiuates (10). The main branches of the innomi-

nates run forward and downward upon each side, giving off branches to the individual digital

tentacles (5, 4).

The veins of the cephalic sheath unite in common veins which penetrate the cartilage and
enter the anterior end of the vena cava.

The epithelium of the cirri forms a feature of exceeding interest. It consists of a single

laj'er of slender colunuiar cells. The epithelium upon the outer sides is of the ordinary type

and contains great numbers of goblet cells. These cells are 40/< in height by iM in diameter. In

the bottoms of the annular grooves the cells are very much shorter, often almost cubical.

But the epithelium of the inner surface of the ridges is very peculiar. A longitudinal

section of a cirrus (Figs. 50 and 72) shows that the upper surface of the projecting portion of

each ridge is horizontal and makes a sharp angle with the inner surface, while there is a gradual

bend from the inner to the lower surface. The epithelial cells of the vertical inner surface are

exceedingly slender, having a height of l08/< and a width of 2-4/^. Their width has been exag-

gerated in the figures of the single cells shown at the left of Fig. 72, as well as in the main portion

of Fig. 72, for convenience in representation. The epithelial cells of the upper surface of the

projecting portion of the ridge are only about one-eighth as high and much wider, beside being

of a totallv diiierent character. The change from one kind oi cells to the other takes place quite

abruptly at the sharp angle of the ridge. The change in length and character of cells is much
more gradual where the epitheliimi passes from the inner to the lower surface. The relations

and characters of these cells are shown as well as my limited ability as an artist allows in Fig.

72, which was drawn from a section stained with borax carmine and Lyons blue; the colors of

the stain have been copied faithfully.

The epithelium of the upper surface contains many mucous cells the secretion of which
remained unstained with either stain, excepting the portion extruded from the cells and certain

small granules which stained red. Mucous cells are occasionally found in the depth of the

groove, but none, of this character at least, are found upon the inner surface of the ridge.

The nuclei of the slender cells upon the inner face of the lidge are situated very close to the

bases of the cells. From the nucleus out almost every cell contains a large luimber of granules

which stain a brilliant red. Sometimes the granules are arranged in a single row extending
from the nucleus to the free end of the cell. Sometimes they form a dense accumulation almost

filling the body of the cell. A \ ery few scattered granules were sometimes found in the base of

the cell beneath the nucleus, but never in anj^ numbers or regularly arranged as they usually

were upon the outer side of the nucleus. The granules seem to be some sort of a secretor}'

product, but this is evidently of a diflerent chemical nature, as well as physical, from that

formed by the cells of the upper surface of the ridge or of the entire outer sides of the cirrus.

Possibly its formation is connected with the function of adhesion belonging to these portions of

the cirrus.
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Beneath the epithelium just described is a thiciv basement membrane. This is exceedingly

uneven, being full of small pits. The unevennesses of the basement membrane, however, are not

copied by the surface of the epithelium. Over the remainder of the cirrus the basement

membrane is very thin. The transition from thick to thin basement membrane is as sudden and

marked as the transition from high to low epithelial cells, and occurs at the same place. (Fig. 72.)

Many of the slender cells of the inner surface of the ridge taper to a tine thread-like base,

which often seems to penetrate the basement membrane and to be continued a short distance

toward the center of the cirrus as a slender fibre, but it is not possible to be sure of this because

of the unevennesses of the basement membrane. What appears to be a fibre penetrating the

membrane may be only the slender ba.sal portion of a cell entering one of the pits of the

membrane. We can not help but suspect from their shape, position, and structure that these

cells are sensory as well as secretory, but the determination of this question will require specially

prepared material. Here, as in other places where the histology of Nautilus is described,

descriptions of the tissues are given as they have been found under certain (rather unfavorable)

conditions, and no attempt is made to insist upon any doubtful interpretations.

Variations in the shape and structure of the tentacles are quite common and take place in

four directions, as far as my observation extends.

1. The free ends of the sheaths may be more or less fused; fusion may occur between any

two sheaths, but is most usual among those nearest the hood.

2. The free portion of the sheath is sometimes split into two halves, leaving the cirrus

projecting between them. This may be the result of injuries received by the animal early in

life, but no trace of any injurj^ is shown by any other part and the innermost digital tentacles

are always the ones to be aifected; from their position we should expect these tentacles to be

rather less exposed to injuries than any others.

3. The opening through which the cirrus projects from the sheath may be displaced.

Usually the displacement is toward the inner side and the opening is found a few millimeters

below the tip of the sheath. But it may be at the verj- base of the sheath, which then projects

in the usual manner, but with closed tip, while the greater portion of the cirrus lies outside the

.sheath.

Less frequently, and only among the dorsal tentacles, the openings are upon the outer side

of the sheath. In one specimen one of the cirri of the hood extended from its sheath 10 milli-

meters back from the edge of the hood. The hood-cirrus of the other side was normal, while

the cirri of the two neighboring tentacles both projected from the sides of their sheaths several

millimeters liack from their tips.

4. The cirrus may be entirely absent and the sheath closed. This occurred in but one

.specimen. Where the cirrus of the left side of the hood should have projected, only a nipple-

like projection of the integument was seen. Upon slitting the hood back of this projection the

cavity of the sheath was found empty, without the least trace of a cirrus, and not extending the

usual distance into the hood.

The more common variations of the tentacles were those of fusion of the sheaths with one

another. The general tendency, in fact, seems to be toward more complete fusion and increasing

solidity of the cephalic sheath.

B.

—

Inner Tentacles of the Female.

If now we open the cephalic sheath or cut it awaj* we see that the mouth parts of })oth male

and female Nautili are surrounded by still other groups of tentacles. AVe see, further, that

these groups are evidently more specialized than the digital tentacles, and that the groups are

not alike in male and female, either in number, shape, or position, while their specialization is

of a higher degree in the male than in the female. It is therefore impracticable to attempt a

parallel description of the inner tentacles of the two sexes. The conditions are more simple in

the female, so I shall attempt their description first.

The tentacles about the mouth parts are designated by the general name "labial tentacles."

Vol. 8—No. 5 2
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Two group.s situated upon either .side of the l)uceal cone, and nearly meeting dor.sally, are

the superior labial tentacles. (Fig. 5, SLL; Text-fig. 2, SLL.) Two other groups, situated below

the buccal cone but wrapping around it laterally, are the inferior labial tentacles. (Fig. .5, L;

Te.xt-rig. 2, ILL.)

The superior labial tentacles project from two broad, flat, thin loljes which arise from the

base of the inner side of the cephalic sheath. The lobes are about 3 centimeters broad and 2

centimeters high. From the ends of the lobes low ridges are continued; dorsally to unite the

two, ventrally to end above the funnel near the innermost digital tentacle of each side. (Text-

fig. 2.) One might say that these two lobes are only local elevations of a single ridge

which nearly surrounds the mouth parts. The upper edge of each lobe is subdivided into a

number of more or less separate processes. The tip of each process is free for from ti to 10

millimeters, while grooves upon l)oth surfaces of the lobe indicate a division for some distance

farther back. At the tip of each process is an opening leading into a cavity li to 2 centimeters

Text-fig. 2.—Diagram of the arrangement of the tentacles of the female nautilus, viewing them from the front.

B, buccal ma-fs. CS, cephalic sheath, composed of the fused sheaths of the digital tentacles. ILL, inferior labial lobe. .SLL, superior

labial lobe. 1, 2, 3, 4, a series of four small digital tentacles upon the otUer side of the cephalic sheath.

deep; each projection is the free end of the sheath of the cirrus which projects through its opening.

Thus the superior labial tentacles have the .same principal structures as the digital tentacles.

The numl)er of tentacles in the superior labial group is very variable within certain limits.

The most ordinary number is twelve in each group; as few as ten, or as many as fourteen are

quite common. Rumph (ISO;")) counted sixteen in each group. The number is usually, but not

neces.sarily, the same in both groups of one individual. I have not, however, found a difference

of more than one.

The arrangement of the tentacles seems to be constant. As is .shown in the diagram (Text-

fig. 2) there is an inner row of nine, and, at about the middle of this, an outer row of three.

The variable tentacles seem to be at the ends of the longer row, the shorter row having always

been found to be normal.
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The cirri of the labial tentacles are, of course, shorter and more slender, but their stnicture

and shape are the same as of the digital tentacles.

The structure of the inferior labial lobe is more complicated. I have retained Owen's
designations of superior and inferior instead of the ones suggested by Van der Hoeven, external

and internal, for these lobes because the former names indicate better their actual positions. I

have already spoken of two inferior groups of lal)ial tentacles. Two groups there are, but they

are borne upon a single lobe, the inferior labial lobe.

The inferior labial lobe (Fig. 5, L; fig. 26) arises immediately below the buccal cone as a

process about 2^ centimeters broad and 8 millimeters thick. About 2^ centimeters from its base

the process is split into two symmetrical portions. Each portion widens out like a fan and bears

a single row of tentacles along its edge. (Text-fig. 2, ILL.) Each of these parts wraps itself

about the buccal cone internal to- the superior labial lobes. The inner surface of each is concave,

the outer surface convex. Sheaths and ciri'i of the inferior labial groups are like those already

described for the superior labial tentacles, except that the sheaths do not project freely. The
middle tentacles of each inferior group are the longest; those at the outer end of the row are

only slightly shorter, l)ut the inner tentacles decrease rapidly and greatly in size. A progressive

reduction in the development of the sheaths is also noticeable among the innermost tentacles.

The innermost tentacle is frequently a mere papilla 2 or 3 millimeters in height.

The number of tentacles in each inferior labial group usually varies between ten and fourteen.

The number upon the opposite divisions of the same lobe frequently differs by one or two. Van
DER Hoeven reports fourteen upon the left and sixteen upon the right side.

At the junction of the outer portions of the lobe, upon its inner side, is an oval or polygonal

organ composed of sixteen to twenty closely folded thin triangular lamella;, the widest portion

or base of the organ being directed posteriorly. (Fig. .5, L; Fig. 20; Text-fig. 2, ILL.) Usually

sixteen lamella; compose the organ, which Owen supposed to be the olfactory organ of Nautilus.

The lamellifi are symmetrically disposed with respect to the median line of the bod}'. Occa-

sionally there is a difference of one in the number of lamelhi; of the two halves of the organ.

The organ represented in Fig. 20 was more expanded than most, so shows the relative arrangement

and form of the lamella; better than is usually the case. This organ measured 12 millimeters in

breadth and 9 in length. The triangular lamellte are attached to the labial lobe by one edge,

the point opposite then projecting upward and inward. The line of attachment of each of the

median lamellae is parallel to the axis of the body, while the outer lamella; are attached at acute

angles to the axis. The outer lamella of each side usually lies somewhat a))Ove the others, over-

lapping them and lying in the continuation of the rows of tentacles upon the outer parts of the

labial lobe. A ridge across the open back of the organ connects the two outer lamella;.

Each lamella is distinctly and closely grooved iqjon its outer side, the grooves reminding

one of those upon the cirri. Less numerous, distinct, and regular grooves are seen upon the

inner sides of the lamellae. A large nerve runs through the center of each lamella to its tip.

The nerve possesses an outer layer of ganglion cells which are evenly distributed upon its surface

and not grouped in ganglionic masses as they are upon the nerve of a cirrus.

Both surfaces of the lamellae are deeply pitted, and all portions are covered with a highly

glandular epithelium.

The musculature of a lamella has es.sentially the same arrangement as that of a cirrus. In

consequence of the flattened form of the lamelke their longitudinal nmscles extend outward to

the edges upon either side of the nerve. The transverse fibers, which are radially arranged

about the nei-ve in the cirri, here, therefore, pass directly across the thin lamella; between the

bundles of longitudinal fibres. External to the latter are circular nuiscle fibres.

In the farthest depths of the fissure between each two lamella' is a small opening leading into

a sunkei\ organ which I do not hesitate to call sensory. These oi'gans ordinarily consist of two

parts: 1, a tubular neck opening outwardly as has just been mentioned, and opening inwardly

into 2, a (comparatively) large ca\ity which extends in the solid tissue of the labial lobe at right

angles to the surfaces of the lanielhe. (Text-fig. 3, G.)

The whole structui'e reminds one strongly of a diminutive tuiuiel driven in both dii'ections



118 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

from its shaft. The tuinicl is round in cross section, and ms a rule the shaft is near its center.

A section of the orj^an through the middle of its shaft therefore is flask-shaped, the neck (shaft)

l)eing slightly bulged at its center. The shaft may, however, be at one end of the tunnel. Shaft

and tunnel are lined throughout with a peculiar epithelium. The cells are extraordinarily slen-

der, almost like threads in their proportions, and the free end of each is prolonged into a sensory

spike, the multitude of which causes the surface of the tunnel and shaft to appear ciliated. A
very slender nucleus is situated in the basal third of each cell. None of the cells lining the cavity

are glandular. The length of the cells varies greatly in different cavities, as well as in different

regions of the same cavity. This peculiar epithelium may extend outward from the mouth of

the shaft for a little distance into the ffssure between the lamellae. I have not ob.served any

spe'ual nerves going to these

organs, but as they lie close

to the large nerves of the

lamellfe better material may
reveal the innervation.

There seems to me to be

Init little doubt that these cavi-

ties are sensory organs of a

simple tj'pe, and but little

more doubt that their func-

tion is olfactory as was as-

sumed by Ow^EX and others for

for the group of lamellae as a

whole. I tind, however, no

sensory structures upon the

lamellie, nor any indication of

these latter possessing anj' .spe-

cial sensory function.

The sensory organs situ-

ated l)etween the outer three

or four lamella^ may be less

developed than those between

the inner lamelhe. The shaft

may be shorter; the tunnel

short, or little more than a

spherical pocket. In two

cases the only indications of

the sense organs were small

hemispherical projections be-

tween the ])ases of the lamellaj

covered by the sensory epi-

thelium. These were the two

outer organs of one side. But there was no gradual transition from this to the more complicated

and apparently more typical form of organ.

The muscles of the tentacles pass into the labial lobe as in other cases already described,

interlacing here with the numerous intrinsic muscles. The inferior labial lobe is a strongly

muscular and evidently contractile organ in both its divided and inidivided portions. A rather

complicated system of nuiscles ext(>nds from its base to the surrounding regions of the cephalic

sheath, providing for the motion of the lobe in all directions.

The inner sidi- of the cephalic sheath and all the organs within it, labial lobes and Iniccal

cone, are covered with what may fairly 1h> called a skin. This may easily be removed from tlicir

surfaces, leaving the muscular l)ases of the organs bare. It consists of a single layei- of colunmar

epithelial cells similar to those upon the outer surface of the cephalic sheath, resting upon a thick

connective tissue dermis. The dermis tissue is somewhat fibrous, but reminds one strongly of

Text-fi*:. :^.—CiiiiKTa lucida outline of a section of the lamelliitcti

labial lube of the female; 1:5.

G, yensory jiit. L, lamella: N, X, nerves of lamella-.

irgan i»f the inferior
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embryonic gelatinous tissue. Probably better preseryed material would show more structure

than I haye been able to discoyer. When the skin has been removed from the labial lolies their

muscles come into view.

The muscle fibi'es of the superior labial lobes pass into the tissues of the cephalic sheath

without forming any distinct nuiscles. Rut in regard to the Inferior labial lol)e the case is very

different.

A longitudinal median muscle, the dorsal median retractor (Fig. 26,5). extends oyer the

dorsal face of the lobe from just })ack of the lamellated organ to the base of the lobe, where it

enters the ventral portion of the cephalic sheath immedately above the funnel. A similar, but

nuich smaller, longitudinal muscle follows a similar median' course upon the ventral face of

the lobe.

There remain three pairs of muscles aiTanged symmetrically at the sides of the lobe. 1 and

1' (Fig. 26) extend out and back from the sides of the lobe to insertions in the lateral regions of

the cephalic sheath immediately l)elow the bases of the superior labial lobes. These appear to be

the muscles used in raising the lobe and its tentacles.

2 and 2' (Fig. 26) originate near the base of the lobe and pass outward from the median line

over the base. The outer ends of these muscles are expanded and fattened, and are inserted

over the inner faces of the superior labial lobes. This arrangement evidently serves for the

approximation of the superior and inferior lobes and their tentacles. The posterior portions of

the inner ends of 2 and 2' separate from the remainder of the nnxscles and unite with each other

above the median muscle 5.

The muscles 3, 4, and .3', 4', (Fig. 26), the lateral retractor muscles, have their origins in

the posterior region of the lobe beneath the inner parts of the muscles 2 and 2'. They pass

beneath these latter backward and slightly toward the median line. Arising as single muscles,

they separate into two distinct portions. The smaller outer portions pass into the base of the

Vaiccal mass behind the inferior buccal retractors, as is shown for similar muscles in the figure of

Van dek Hoeven's organ. ( Fig. 29.) The larger inner portions pass back to insertions upon the

median processes of the i-artilage.

The base of the lobe is thick and nuisoular and its tissues extend directly into the ventral

portion of the cephalic sheath.

The inferior labial lobes are supplied with blood by a branch from each tentacular artery.

(Text-tig. 10, pp. 182, 3.)

A large nerve leaves each pedal ganglion near the infundi})ular nerve (Fig. 41, 7), which runs

forward and enters the side of the inferior labial lobe. Within the lobe it enlarges into a gan-

glion, from which the separate nerves of the tentacles and the lamelhe arise. (Fig. 41, 35.)

It must be noted that while the inferior labial lobe is bilaterally symmetrical it is not paired

as are the superior la})iul lol)es. Young specimens seem to indicate that it is unpaired in its

origin.

We have still to consider what the relation is between the lamellse upon the median part of

the lobe and the tentacles upon either side of the lamelU?. Can the two sorts of structures be

homologous, or nuist they be considered as developed separately—one for adhesion and the other

for smelling, tasting, or some other function i

It has already been noted that as we approach the lamella the inner cirri of each side, i. e. , those

nearest the lamells, rapidly decrease in length. Hand in hand with the decrease in length of the

cirri goes a decrease in the depth of their sheaths. Moreover, we often tind that the tentacle

next to the lamella? is a small, scarcely noticeable papilla. In some cases such a papilla is partly or

wholly surrounded by a shallow groove. Further development of papilla and groove would lead

to the formation of a cirrus and a sheath, and tentacles sometimes actually illustrate steps in this

process. The minute papilUe, annularly grooved, are supplied with a nerve similar in all respects

but length to the nerve of fully developed cirri.

On the other hand, the outer lamelhe are .sometimes small and not nuich different from the

rudimentary tentacles just desci-ibed. So, if we consider shape alone, it is not at all difficult

to imaoine that lamella? and tentsicles are but differently developed individuals of a single series.
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There are, however, other facts which favor this view. The transverse furrows upon the outer

sides of the lamellse are oljviously comparable with the grooves upon the cirri. We also note

that each lamella possesses a nerve extending throughout its length which has essentialh' the

same structure as the nerve of a cirrus; it has a like coinplete investment of ganglion cells,

although these are not collected into ganglia; beside this, the nerves of the lamellic arise from

the same ganglion as the nerves of the cirri, and it is impossible to distinguish the nerves of

cirri and lamelhe before they arrive at their respective terminations. The nerves of the himelhe

are simply the innermost of the series arising from the ganglia.

The arrangement of the muscles of the lamel!a> is according to the sani(> plan as is that of

the cirri. We have also noted that the sensory organs at the bases of the outer lamella' have a

tendency to ))esi7npler or less developed than those between the inner lamelliv.

The number of both lamelhe and cii-ri is cjuite varial)le. but the number of lamella" does not

seem to bear any constant relation to that of the cirri. The entire number of lamelhe and cirri

borne by the inferior labial lobe is about forty.

The facts stated seem to indicate that the lamellated organ is composed of a number of

slightly modified labial tentacles, and is not a structure developed upon the labial lolie separately

from the tentacles. Furthermore, there are indications that the outer members of the series of

lamellie and the inner members of the series of tentacles graduate into each other, possibly

being developed in one direction in some individuals and in the opposite direction in other indi-

viduals.

The inferior labial lobe of a half-grown femal(> showed an interesting condition in the

development of the lobe. The superior labial lobes were as well developed, proportionally, as

in a mature specimen. The inferior labial lobe, on the contrary, was in a rudimentary condition.

It reached only about to the middle of the buccal mass. Each side of the anterior edge of the

lobe was produced in a curve; in the center were a number of tine lamelhe. The tentacles at

the edges of the lolie were very rudimentary, in many cases apparently not yet being differ-

entiated into cirrus and sheath.

Haswell makes the following statement: ''One of the six or eight female specimens

examined by me presents a condition of the median minor tentaculiferous lobe which may, per-

haps, have a bearing on the functions of the part. In this specimen, which was a good-sized

one and fully developed in other respects, the lobe in (juestion (the group of himelhv) was repre-

sented by a rudiment, in which, however, all the parts of the perfected structure were distinctly

and symmetrically represented."

C.

—

Inner Tentacles of the Male.

The arrangement which we see when we open the cephalic sheath of the male is quite dif-

ferent from that which we have observed in the female. The buccal cone occupies the same

relative position in both sexes. At esu-h side of and dorsal to the ))uccal cone of the male is a

group of tentacles closely resembling the superior lal)ial tentacles of the female. (Fig. 7; Text-

Hg. -i.) They are borne upon two lobes whicii art' elevations of a ridge of the l)ase of the

cephalic sheath nearly encircling the buccal cone. The ridge is very low dorsally and ventrally

to the tentacle lol)es, which latter rise to a height of from 1^ to '^ centimeters. Ventrally the

ends of the ridge approach each other like the tips of a horseshoe and eiul upon the cephalic

sheath near the innermost digital tentacle. This ridge obviously corresponds to the similar

ridge of the female which bears the superior lal)iai lobes, and we shall also term these tentacle-

bearing lobes of the male superior labial lobes.

Outside the ventral ends of the ridge iiearing the superior labiai lobes are two groups of

tentacles, one at each side of the head, which do not appear in the female. There are four ten-

tacles m each group. (Fig. 7, Sp. ASp; Text-fig. -t, S. AS.) The tentacles of the right-hand group

do not differ markedly from the tentacles of the superior labial gi-oup. The tentacles of the left-

hand yroup, however, are enormously developed and form a conspicuous organ known as the

spadix. The smaller corresponding group of the right side is called the antispadix.
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Immediately beneath the buccal cone is still anotder org'an which is peculiar to the male. It

was discovered by Van der Hoeven, and has since been known as Van der Hoeven's organ.

It lies in a pocket formed by the ventral portion of the cephalic- sheatii ventrally, and dorsally

by a fold connecting the ends of the horseshoe-shaped ridge which bears the superior labial lobes.

(Text-tig. 4, V.) The organ can not be seen until the cephalic sheath has been opened, so closely

does it lie under the buccal mass. Even then the oliserver can only notice that its anterior end
appears to l)e formed of small lobes and is bilaterally symmetrical. In the diagram (Text-fig.

i, V) it is represented, for the sake of convenience in drawing merely, as projecting at some dis-

SLL

a

o
,^

SLL

Text-fig. 4.—Diagram of the arrangement of the tentacles of the male nautihis, viewing them from in front.

.^S, antispadix: B, bneoal mass; OS, cephalic sheath, composed of the fnsed sheaths of the digital tentacles; O', preocular tentacle;

O", postocular tentacle; S, spadix; SLL. superior labial lobe; V. Van der Hoeven's organ.

tance from the buccal mass, which it does not actually do. Its shape is roughly outlined by the

dotted line. I hope to present sufficient evidence to be convincing that Van der Hoeven's organ
is the homologue of the inferior la))ial lobes of the female.

superior labial lobes.

The only considerable difl'ereiu-e between the superior labial tentacles of the male and those

of the female is in their number. Eight tentacles are usually borne upon each superior labial

lobe of the male, while twelve is the usual number upon each of the.se lobes of the female. Less

than eight tentacles may occur upon each lobe of the male, although I have never found more
than this number. Two of my specimens presented only six tentacles upon each lobe; one speci-

men had six upon one lobe and seven upon the other.

The superior labial tentacles of the male are slightly more robust than those of the female;

their sheaths are more completely separated in the male than in the female. Two of the tenta-
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cles are more or less crowded to the outside of the row foniicd ]>y the other six, as is shown in

Text-fig. -t, and in Fig. 7, SLL. Aside from these there arc no differences between the superior

labial lobes and tentacles of the two sexes.

Each cirrus possesses a nerve, which springs directly from the pedal ganglion. These

nerves leave the edge of the ganglion just dorsall_y to the nerves of the digital tentacles; being

of only about half the size of the latter they are easily <listinguished from them, although not so

readily traced to their respcH'tive cirri.

SPADIX AND ANTISPADIX.

The spadix and the antispadix are morphologically equivalent organs, although the anti-

spadix is simple in all its parts, while the parts of the spadix are highly developed and modified,

and several structures are there developed which are not represented in the antispadix. A
previous study of the antispadix will probably aid in the understanding of the spadix.

Before proceeding, we must notice the position of the two organs. The spadix is usually

upon the left side of the head and the antispadix upon the right side, but this arrangement may
be I'eversed. Out of forty-seven male Nautili, nine, or 19 per cent, had the spadix upon the

right and the antispadix upon the left side. Willey found an even greater proportion of

reversals. "Out of thirty-seven males which were examined ad hoc, twenty-three had the

spadix upon the left side and fourteen had it upon the right side" (18!*(>, 1)). This is ?>7 per cent

of the total.

One of my specimens possessed a well-developed spadix upon one side and an al)n()rmally

developed spadix upon the opposite side.

The antispadix is composed of four tentacles similar to those of the superior laliial groups,

except as they are somewhat larger and longer than the latter. (Fig. 7, A. Sp; Fig. 1-2.) The
tentacles arc arranged in a row, which in the natural position of the animal is dorso-ventral.

To distinguish the tentacles I shall number them 1, 2, 3, -t, from above downward, and shall

speak of them as the first, second, third, or fourth tentacles. The sheaths of the first, second,

and third tentacles are fused as far as their tips, thus forming a narrow, flattened process. It is

convenient to speak of the fused sheaths as the sheath of the antispadix. The fourth tentacle

is united to the process at the base only. (Fig. 12.) It is situated a little externally tu the other

tentacles, extending past the third, so that its dorsal edge comes to lie in a gj'oove formed by a

projection of the sheath of the antispadix.

At the bases of the cirri the muscular tissues of the cirri and their sheaths unite to form a

strong, flat sheet of muscle, which lies against the inner side of the cephalic sheath, but entirely

sejjarate from it until near the cartilage. Here it unites with the tissues of the cephalic sheath.

T1h> nmscular base of the antispadix is entirely separate from the nuiscular base of the superior

luliial lobe, although close to it. It is easily seen when the skin ))etween the antispadix and the

liuccal mass has been cut.

Upon the outer surface of the sheath of the antispadix, near its tip and between the first

and second cirri, is a small glandular area. (Fig. 12, G.) Its structure will be described witii

that of a similar area upon the sheath of the spadix.

The antispadix projects from a pocket between the cephalic sheath and the ridge of the lalfial

lobe and at the ventral end of the lobe. (Fig. 7; Text -fig. 4. ) The lobe of the antispadix is about
two centimeters in length from the base of the pocket to the tip of the sheath. As a consequence
of the shortening of the rows, the superior labial tentacles are further removed fi'om the ven-

tral side of the cephalic sheath in the male tlian in the female. (Text-figs. 2 and -t.) The low
ventral portions of the labial ridge are therefore consideral)ly increased in length in the male.

As the spadix increases in size it crowds the superior labial tentacles of this side still fartiier

toward the dorsal side of the head and stretches the ventral portion of the labial ridge.

The spadix presents a very diflerent appearanc-e from the antispadix upon the opposite side of

the head. (Fig. 7, Sp.; Figs. 13 and 14; Text-fig. 4, S.) It forms a large, very solid organ, five

to seven centimeters in length, two to three centimeters in dorsi-ventral measurement, and one
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and a half centimeters in thickness.

It remains of about the same width

and thickness nearly to the irregu-

larly conical end. The tentacles

of the spadix have the' same rela-

tive arrangement as those of the

antispadix. Each is greatl}' in-

creased in size, with the exception

of the fourth tentacle, which is

but little larger than its repre-

sentative in the antispadix.

The cirrus of the first tentacle

has become an enormous conical,

fleshy organ. (Fig. 15.) The cirrus

of the second has liecome flattened

as well as enlarged, and ))ears num-

erous rows of small glands upon

one surface. (Fig. l(i.) The cir-

rus of the third is also flattened at

its tip. and shows upon its ventral

side many rows of tine pores.

(Figs. 17 and 18.)

The sheaths of the first,

second, and third tentacles are

completely fused and have de-

veloped in accordaiK'c with the

cirri, and now form a structure

which Vayssiere has proposed to

call the sheath of the spadix.

(Figs. 13 and 14.)

There is a groove in the outer

side of the sheath of the spadix,

between the second and third cirri.

, into which the tip of the fourth

cirrus is pressed. (Fig. li. ) The

tip of this cirrus is overlapped by

a broad flap, which corresponds to

the smaller flap noticed upon the

outer side of the antispadix. The
base of the fourth tentacle lies

within a notch in the sheath of the

spadix and is not covered. Its

own sheath is .short and is free

from the sheath of the spadix for

a short distance only. In this

respect the fourth tentacle of the

spadix differs quite noticealily

from the corresponding tentacle

of the antispadix.

Upon the outer side of the

sheath of the spadix, and near its

tip, is a large circular glandular

area, slightly raised al)ove the

general surface. (Fig. l-i, G.)

The glandular area extends out

Text-fig 5.—Transverse sections of the spadix at successive levels.

X, nearest the tip; D, nearest the base of the organ; 1, first cirrns; 2, second cirnis;

;J, third cirrus; 4, f<nirfh cirrus; S, sliiin- gland of spadix sheath.
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upon the flap coverincj the tip of the fourth tentacle. Upon its .surface numerou.s pore.s, the

openings of tulnilar glands, are ea.sily seen.

The bulk of the spadix is composed of the cirri of the lirst, second, and third tentacles.

The fourth tentacle may almo.st be said not to enter into the formation of the spadix, so small

is it compared with the mass formed by the other tentacles. (Fig. 19.)

The cirri of the spadix are not of equal length, like tho.se of the antispadix. Neither their

bases nor their tips are at the same level. Text-iigure o is intended to show the relative length

and position of the cirri of the spadix by means of diagrammatic sections of four regions of the

organ. In A, a section through the tip of the spadix, the fourth cirrus does not appear. In

section B, taken a quarter of its length from the tip of the spadix, the tip of the fourth cirrus

is cut through. In section C, taken just below the middle of the spadix, the second cirrus has

ended, and in the position it occupied we see only bundles of muscle fibres passing from its base

in the sheath of the spadix. The fourth cirrus is no longer completely shut in by the flap of the

padix sheath. In section D, taken through the base of the spadix, the third cirrus has disappeared

in like manner as the second. In spite of the disappearance of two cirri the .spadix has increased

in .size continually as we have approached its ba.se. This is accounted for almost entirel3^ by

the great increase in the size of the first cirrus alone. But the fourth cirrus has also increased in

size and is, at the base, included within the sheath of the spadix. Strands of muscle from the

bases of the second and third cirri also form a portion of the organ. The fourth cirrus is still

fj-ee from the sheath of the spadix back of where the tissues of the first cirrus and the sheath

unite. Finally, the tissues of all the tentacles are united to form a solid base for the spadix,

which is firmly attached to the posterior region of the cephalic sheath and the cartilage.

Let us now turn to more detailed descriptions of the separate portions of the spadix.

THE SHEATH OF THE Sl'ADIX.

This somewhat indefinite nam(> is nevertheless convenient, and for this reason it seems

appropi-iate and worth retaining. From the previous description and diagrams it will be noticed

that in the anterior region of the sheath it is composed of the sheaths of the tentacles alone, 1)ut

in its posterior or liasal part it includes the muscle tissue extending from the bases of the

second and third tentacles.

Sometimes slight longitudinal grooves upon the outside of the sheath indicate the position

and boundaries of the cirri within. (Fig. 13.) Upon the outer side of the spadix, i. e., the side

turned away from the mouth, is a deeper groove which receives the fourth cirrus. The anterior

end of this groove is hidden by the large flap developed on this side from the sheath of the

spadix. This flap, extending along the entire length of the .spadix, is widest near the tip of the

organ, while it becomes a mere ridge near the base. The free edge of the flap is thin and evenly

curved. It is about twelve millimetres in width at its broadest part.

Examination of the sheath with a lens reveals minute pits upon the surfaces near its tip,

numerous upon the outer surface and less so upon the inni>r surface. Except for these and the

glandular area upon the outer side the sheath is quite smooth.

The sheath is compo.sed of an external layer of longitudinal muscle fibres, and of inner circular

fibres ringing each cirrus cavity. It is covered by a single-layered epithelium, composed of

slender columnar cells, the basal halves of which are occupied by elongate, oval nuclei. Goblet

cells, filled with granular .secretion, are found in exceedingly great numbers in the epithelium of

the external surface of the anterior portion of the sheath, Init in small numbers upon the basal

portion. The pits and short grooves upon the anterior portion of the sheath, noticed under the

lens, are lined mostly by mucus-secreting cells and serve the purpose of increasing the secretory

surface. The epithelium upon the inner surface of the sheath is very similar to that upon the

outer surface, except that the cells are shorter, the nuclei nearly round, and the goblet cells very

rare. Indeed, the latter are only present near the edges of the cavities occupied l\v the cirri.

Immediately under the epithelium is a di>i-niis of felted fibrous and elastic connective tissue.

In the thinnest portions this, containing a few muscle fibres, forms the entire sub.stance of the



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 125

.sheath. In the thicker portion.s the amount of muscle tissue within the dermi.s is very eonsiderable.

and is roughly arranged in the longitudinal and circular

1)6 forgotten that a quite considerable portion of the

sheath is derived from the tissues of the second and

third tentacles after these have become continuous with

the tissues of the former. The spaces between the mus-

cles are occupied b}' fibrous and elastic connective tissue.

The sheath is penetrated by a perfect network of vascu-

lar lacunte.

Until we have some idea of the function of the

glandular area upon the outer side of the spadix sheath

the term " slime gland" will do very well to designate it.

It is surprising that this .structure should not have been

mentioned bj' Vayssiere in his excellent paper upon
Nautilus. The slime gland forms a nearly circular area

upon the outer side of the spadix sheath, from 25 to

30 millimeters in diameter, and is considerably raised

above the surrounding surface, besides being of a much
darker color, all in all being a quite conspicuous organ.

(Fig. 14.) Numerous pores, the openings of the glands

within, open upon its surface. The glands are formed

of long, branching tubes, which are packed closely

together, and occupy three-quarters of the thickness

of the sheath at this point. (Fig. 57.) The sheath

contains but little muscle tissue in this region, being

composed almost entirely of fibrous connective tissue

which, below the slime gland, is reduced to a network

inclosing great numbers of vascular lacunar of all sizes.

The larger spaces have endothelial walls. The lacunae

are much more numerous than they are repi'esented in

Fig. 57, by far the greater number being too small to

be shown in such a figure.

The structure of the glands is quite simple. From
a short, narrow neck arise several tubular outgrowths.

(Fig. 57; Text-fig. 6, A.) Most of these are long and

slender and extend into the sheath nearly at right angles

to its surface. Around the outer part of the neck are

often grouped short tubules or mere outpocketings of the

wall. The main tubules may themselves be branched.

The tubules of each gland lie parallel and close to each

other, separated by onlj' a small amount of submucous

tissue. (Text-fig. 6, A and B.) The tubules are packed

together so that the}' form a package of almost equal

transverse diameters from end to end.

The tubules are lined ])v a single layer of tall, col-

umnar .secretory cells. The lumens of the tubules are ex-

tremely narrow, being rarely of greater width than half

the height of the cells lining them. (Fig. 57.) The
epithelial cells are extremely slender, averaging about

100/< in length and iM to 8// in their transverse diameters.

(Fig. 57, A.) The epithelium rests upon a thin basement

membrane. At the very ])asc of each cell is a small oval

From just above the nucleus to its free end each (

layers already mentioned. It nuist not

Text-fig. 6.—Slightly diagrammatic sections of a single

gland of the slime gland of the spadix sheath.

A, longitudinal section; B, transverse section.

nucleus, 3// by 8/^ in its dimensions,

ell is packed with deeply staining granules of
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secretion. The region of the cell immediately about tlie niuleu.s is entirely free from any secre-

tion, so that the outer edge of the tubule shows a clear border in sections. Figure .57 A shows a

single cell of the secretory epithelium drawn with the aid of a camera lucida. It wits taken from

a place where the epithelium was lower than ordinary', but otherwise is characteristic. The single

row of deeply staining granules almost completely tills the body of the cell. The bent base of

the cell is a very characteristic feature, although not found universally. The short basal portion

of the cell is directed upward and inward, and the longer outer portion of the cell is perpendicular

to the axis of the tubule. As the neck of the gland is appi-oached a change takes place in the

character of the epithelial cells. The epithelium becomes lower and the cells contain fewer and

smaller granules. Finally the epithelium is only of about half the height of that in the tubules;

the granule secreting cells disappear, and ordinary goblet mucous cells are found scattered in the

epithelium, which is of the same character as that clothing the surface of the slime gland between

the pores of the glands.

At the edge of the slime gland are all stages between fully developed tubular glands and the

merest invaginations of the surface epithelium. One might almost say that there is here an onto-

genetics series in the development of the glands. The smallest invaginations are lined with epithe-

lium entirely similar to that upon the surface of the slime gland. Farther from the edge the

invaginations become deeper, and from the inner parts outgrowths occur which become the

glandular tubules of full}' developed glands. The young tubules possess an epithelium like that

of the adult in its essential characters, but at first only a few cells appear to be glandular. These

are typical goblet cells tilled with finely granular secretion. In more developed glands the

secreting cells become more numerous, the granules of secretion ai'e larger, and finally all the

cells below the neck of the gland are filled with coarse granules.

The description of the glands upon the outer side of the antispadix was referred to this place.

They are of the same character as those of the slime gland of the spadix, but are less developed.

The glandular epithelium and the secretion are apparently alike in both organs. The glands

upon the sheath of the antispadix are proportionately shallower and are less branched than those

of the spadix, but otherwise the structure seems to be the same.

FIRST CIRRU.S OF THE .SPADIX. (KKi. Iri.
)

The first cirrus is much the largest of the four forming the spadix. It is nearly circular in

section, gradually diminishing in size from the base to near the tip. The latter diminishes in size

verv rapidly, causing the cirrus to end in a point like the tip of a low cone. The tip is frequently

excentric and is sometimes produced like a nipple. The surface of the cirrus is smooth except

near the tip, where very faint annular grooves may be noticed. The base of the cirrus, its largest

part, measures .32 millimeters dorso-ventrally and 17 millimeters from side to side. It is 6 centi-

meters in length.

From the ventral side of the base a strong muscle passes ventrally and across the body, to

become lost in the tissues of the opposite side of the cephalic sheath. The main mass of the

tissue of the cirrus passes immediately into the tissues of the posterior portion of the cephalic

sheath on its own side. The development of a special muscle for this cirrus, as well as the

remarkable muscular development of the cirrus itself, indicates that the cirrus is very actively

emploj'ed at some time or other in the animal's existence, and it may also indicate that the

cirrus is extended or retracted as a whole from its base and is not extensile in the same manner
as the cirri of other tentacles; but all statements of how this and the other cirri of the spadix

are used are as yet guesses, pure and simple.

Transver.se and longitudinal .sections explain the rest of the structure of this cirrus. (Figs. 52

and .53.) Near the center of the cirrus, but still to the inner side of it (i. e., the side nearest the

buccal mass), is the large nerve N. This is surrounded by the transverse nuisculature of the

cirrus. Around the core of transverse muscles is a thick ring of longitudinal muscles, which are

divided l)y radial septa of transverse muscles. Outside this follow three thin layers of muscle

—

a circular, an outer longitudinal, and an outer circular layer. The essential features of the

arrangement of the musculature are therefore the same us those of the digital or labial cirri.
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A longitudinal section of the cirrus shows that the central transverse musculature consists of

alternating layers of crossing fibi-es. (Fig. 52.) The section figured in Fig. 53 has been cut a ti'ifle

obliquely so that it passes through several of these alternating layers. The layers of muscles are

arranged like the crossing boards of a double floor.

The surface of the cirrus is covered by a fine columnar epithelium in which are scattered

great numVjers of goblet cells. The epithelial surface is increased bj' numerous pits the lining

epithelium of which is especially supplied with secreting cells.

The nerve of the cirrus is enlarged at regular and frequent intervals, like the nerves of the

digital cirri. Each enlargement corresponds in position to a pair of the altei'nating layers of the

transverse musculature. In a young Nautilus the first cirrus of the as-yet-undeveloped spadix is

like one of the labial cirri, slender and marked with annular grooves. The corresponding seg-

mentation of the cirrus and its nerve in the digital and lal)ial tentacles has already been noticed.

Probably there is a similar correspondence here, while the transverse musculature is also seg-

mentally arranged. As the cirrus under discussion increases in size the external segmentation

becomes obliterated. The branches of the nerve pass outward in the layers of the transverse

muscle. The nerve ends abruptly near the tip of the cirrus. An artery runs along the inner

side of the nerve A. The vein divides and its branches come to lie at a considerable distance

from the nerve, V, V, Fig. 53.

Between the outer layer of muscles and the epithelium is a layer of connective tissue which

is curiously developed in one region. (Fig. 52.) Over most of the cirrus the layer is thin and the

tissue firm and close, containing a few muscle fibres; but just below the tip it is much thickened

and great numbers of vascular lacunte, large and small, make their appearance in it. The lai'ger

lacunaB have endothelial walls. Fig. 52 only represents the larger lacunae, and not the far greater

number of small ones. It may be possible that this forms a kind of erectile tissue.

SECOND CIRRUS OF SPADIX. (piG. 16.)

The second cirrus of the spadix is much more modified than the first, for that is modified in

shape and size mainly, while this has luidergone modification of structure also. It is slender, and

instead of becoming larger at its base it narrows. Its muscles are continued into the sheath of the

spadix between the first and the third cirri. (Text-fig. 5, C, 2.) Its length is about 4 centimeters.

Its basal portion, to within about 15 millimeters of the tip, is round and smooth. Exceedingly

indistinct annular grooves can sometimes be seen in this portion of the cirrus. At the point

referred to the cirrus begins to be flattened upon both dorsal and ventral surfaces. It ends in a

flat, thin-edged, lancet-like tip. A little distance from the tip one edge remains thick while the

other is thin, giving the cirrus a triangular shape. Concurrently with the flattening the cirrus

becomes mor^ and more distinctlv annulated, the grooves appearing a little more strongly marked
upon the ventral than upon the dorsal surface.

In general this cirrus adheres to the plan of structure already described for other cirri. The
nerve, extending through the cirrus near its center, does not possess anj^ unusual characters. It

is of good size, showing ganglionic enlargements at regular intervals which correspond with the

annulations upon the surface of the cirrus, and extends to the very tip of the cirrus. (Fig. 61, N.)

Upon the inner side of the nerve is an artery, and still farther toward the inner edge of the cirrus

a large vein. (Fig. 56, A and V.) The nerve and the artery are surrounded by transverse muscle

fibres, })ut the radial arrangement of the musculature has been lost to a large extent and is

replaced t)v an arrangement of the longitudinal muscles in lines extending across the cirrus in the

direction of the shorter transverse axis, the dorso-ventral axis. In the round Ijasal portion of

the cirrus the arrangement of the muscles is similar to that in the digital cirri.

The dorsal side of the cirrus, amounting to from one-half to one-third of its entire thickness,

from the point where the annulations first show plainly, is occupied by glands and not by muscles.

(Figs. 56 and 61, G.) The glands open by very minute pores in the aniuilar grooves, a single

row of closely placed pores occupying each groove. The pores of the glands are upon the slopes

of the grooves and not in the bottoms. They are so small that they are onlj^ to be seen in sections.
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The circuUir :iikI outer longitudinal rings of muscles have been greatly reduced in this cirrus,

the longitudinal having almost completely disappeared. Immediately underneath the glands

is a thin layei- of the circular muscles. With the development of the glands the dermis tissue

has bei'ome greatly increased, so that tiow the glands are surrounded by tibrous tissue, traversed

here and there by muscle tibres. Each gland has a thin tunic of muscle fibres. A few vascular

lacuna- are found in the dermis.

The glands have the shape of thick, round-bodied flasks with very short and narrow necks.

(Fig. 55.) Owing to their mutual pressure the glands are usually polygonal. The}' are 0.8 to 1

millimeter in length and 0.4 to 0.<3 millimeter in diameter. The exterior of the cirrus is covered

by an epithelium of very slender columnar cells, none of which are secretory. At the mouths of

the glands a transition occurs to shorter or even cubical cells which line the duct and upper part

of the body of the gland. The sides and the base of the gland are lined with exceedingly long,

slender, secretory cells, whose oval nuclei lie in the very bases of the cells. There is considerable

variation in the length of the cells of the upper side of the gland. Sometimes they are scarcely

longer than those of the duct; sometimes, again, as long as any in the gland. Mucous cells are

sometimes scattered among the cells of the upper sides and the duct of the gland, the other

cells of these regions not appearing to be secretory; again, all are secretory. The portion of

the secretorj' cell above the nucleus is closely packed with fine granules. The lai'ge lumens of

the glands were in most cases tilled with a finely granular secretion. Glands near the tip of the

cirrus may be more or less distinctly divided into two portions, which are partially separated by a

constriction—a basal thick-walled secretory portion and an outer thin-walled portion, which may
be a collecting or storing chamber, from which the duct leads to the exterior.

The ridges upon the surface of the cirrus are almost entirely occupied })y large \ascular

lacuna?. A network of connective tissue extends between the lacunte of the ventral ridges, tiut

there is almost no connective tissue in the ridges of the dorsal side.

THIRD CIRRUS OK SI'ADI.X. ( FIGS. 17 AND 18.)

The third cirrus is the most highly modified and remarkable of the group. It is longer and

larger than the second, being intermediate in size between this and the first. As has ahcady

been noted, its l)ase lies posterior to that of the second. It is oval in ci'oss section at the liase

instead of round, as is the case with all the oth(>r cirri of the spadix. It is narrowed at the base,

however, like the second cirrus. For al)out half its length it is oval and perfectly smooth. At
its middle it begins to be still more flattened dorso-ventrally, until near its tip it is almost per-

fectly flat upon both sides. The dorsal side is apt to be somewhat concave and the ventral side

convex. A longitudinal ridge may be present along the median line of the dorsal side near the

tip, caused by the tissues passing over the nerve lying directly underneath.

At the same time tliat th(! cirrus becomes flattened it loses its smooth surface. The dorsal

surface becomes marked l)y transverse ridges, which are at first verv faint, but become distinct

as the tip of the cirrus is approached. At the very tip, however, the ridges become crowded

and less distinct. They also disappear at the edges of the cirrus, leaving a smooth, unmarked
margin. Close examination with the nsiked eye discovers many smaller ridges extending longi-

tudinally between the transverse.

It is upon the opposite (the ventral) side of the cirrus that we find a most peculiar structure.

(Fig. 18.) Arranged across the cirrus in rows which seem to correspond closelj' to the ridges

of the opposite side are great numbers of fine pits extending into the tissue of the cirrus. The
largest of these may be a little more than a half a millimeter in diameter. Examination with a

hand lens shows the openings to lie nearly scjuare, the sides being parallel to the main axis of the

cirrus, and to l)e set as closely to each other in both directions as is possible. The openings are

often so regularly spaced that they form longitudinal as well as transverse rows. Only a thin

wall remains l)etween the pits. At the jjosterior end of the pitted surface the pits ))ecome small,

imperfectly formed, and finally disappear. Similarly the pits are not well developed at the tip

of the cirrus. When the fingers are passed over the pitted surface it feels like shagreen, and
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suggests that it is covei'ed by a rough cuticle. This, however, is not the case, as we shall

presenth' see.

The middle part of the cirrus, where the transition from the oval to the tlattened shape takes

place, is triangular in section for a distance. (Fig. 59.) The inner side of the cirrus forms the

short side of the triangle. The dorsal and ventral suiface« of this region liear their characteristic

structures. The inner surface is smooth and muscular.

In general the structure of this cirrus is so like that of the second that no detailed description

is necessary of any part except the pits. In Fig. 59 we have a transverse, slightly oblique section

of the third cirrus, and in Fig. 60 a longitudinal section of the same cirrus, both drawn with the

aid of the camera lucida. Fig. 62 shows a longitudinal section through the center of a pit

magnified to 34 diameters. The pits are simple cavities 1 millimeter in depth, into which a

fleshy tongue projects from the posterior side as the animal is in its swimming position. Suppos-

ing the cirrus to be placed tip upward, the tongue projects from the floor of the cavity. The
cavity of the crypt forms only a narrow Assure about three sides and the edges of the fourth side of

the tongue. This is thus attached to the wall of the crypt along a narrow median region. (Figs.

59 and 60.) The tongue is stronglj^ muscular, the muscle fibres mostly extending from the base

toward the tip. The tissue between the crypts is largely muscular: all the muscle fibres, both of

the tongues and of the intermediate tissues, are much finer than those making up the body of the

cirrus. Many connective tissue nuclei are scattered among the muscle fibres.

Beneath the epithelium of the sides of the crj-pts and their tongues is a clear layer of a peculiar

structure. (Fig. 62.) This layer does not extend quite to the bottoms of the crypts, but commenc-
ing near here, becomes gradually thicker and thicker as the openings of the crypts are approached.

The clear layer is especially thick upon the anterior edge of the ciypt, i. e.. upon the edge toward

the tip of the cirrus. Undei' low powers the layer appears homogeneous and structureless, but

high powers of the microscope reveal numerous and exceedingly fine fibres in it. No nuclei

whatever are found in the layer. At the extreme outer edge of the layer, immediately under

the epithelium, no fibres at all, nor any other structural element can be distinguished. Passing

inward, the fibres are progressively more and more distinct. Along the inner edge of the layer,

next to the muscle, is a distinct layer of small nuclei which appear like coimective tissue nuclei.

It is this clear layer which gives the surface of this portion of the cirrus its hard i-ha racter. It seems

to form a supporting tissue or sort of exoskeleton for the other tissues of the crypts, or perhaps

for the cirrus as a whole.

The surface of the cirrus is covered with a single laj^ered epithelium. Those portions of

the cirrus not occupied by crypts are covered by an epithelium similar to that of the second

cirrus. In the region of the crypts it is considerably modified. In the deepest parts of the

crypts the cells are of about the same proportions as those upon the dorsal side of the cirrus

—

slender columnar cells, among which are numei'ous goblet cells. The number of secretory cells

in these regions is not at all remarkable.

As the cells extend outward upon the sides of the crypts and their tongues, they gradually

decrease in length and increase in Ijreadth, until a veritable pavement epithelium is formed.

The outer portions of the sides of the crypts and all the area between their openings is covered

by an epithelium of this character.

The function of the crypts is entirely unknown, and I do not see that we have facts of

any kind upon which to base even guesses as to the nature of their uses in the economy of

Nautilus. The nmiiber of glandular cells in the crypts is so small that, as Vatssiere says, the

latter can scared}' have been developed for the purpose of inci'easing glandular area. The
development of muscle tissue about the crypts, and especially in their tongues, together with

the development of a firm, hard layer upon their surfaces, indicates a considerable and important
activity for these structures and foi- the ciri'us as a whole as weU.

FOlIRTn C:II!KUS OF SPAIIIX. (fIG. 19.)

As has been said, this cirrus is almost unmodified. It is the smallest of the group and is

nearly hidden by the flap upon the outer side of the spadix. It is scarcely longer than the
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corresponding cirrus of the antispadix, but is of considerably greater diameter. The tij) is

flattened. Elsewhere the cirrus is nearlj' round. Its lower portion is smooth, while the distal

half is more or less distinctly <;rooved. This ciiTus has its origin at the \-ery base of the spadix.

and is free for almost its entire Icngtli from the main portion of this organ. It possesses a very

short separate sheath which is not nearly as long as the sheath of the corresponding cirrus of

the antispadix. (Figs. 12 and 14.) This sheath is united to the base of the spadix sheath. The

base of the fourth cirrus jiasses under the base of the first cirrus to its outer side. Aside from

the reduction of tht> annular ridges, the appearance of this cirrus is not markedly different from

that of the digital cirri.

The essential features in the structure of this cirrus are also almost the .same as those described

for the digital cirri. (Figs, b-i and 58.) The arrangement of the nm.sdes is .somewhat modified by

the o-reat development of the transverse nuisculature, the strands of which are sometimes as large

as those of the longitudinal nuiscles. The regular radial arrangement of the latter is largely

lo.st. The epithelium of the annular ridges is not especially developed at any point, although

distinctly higher upon the ridges than l)etween them. Large blood spaces run within the ridges

upon the inner side of the cirrus. They extend only a portion, one-half or less, of the distance

across the inner face of the cirrus. These spaces are lined with flat endothelial cells, and

communicate with veins lying deeper in the cirrus. They lie almost directly beneath the

epithelium. They are not present in the small ridges near the tip of the cirrus, appearing in

the tenth to the fifteenth from the tip, and increasing in size as the ridges increase in breadth

and height.

The nerves of the spadix come ott' from the left pedal ganglion; those of the antispadix from

the right pedal ganglion. It is very difficult to trace the nerves into the individual t(>ntacles,

although I have succeeded in doing this in a few instances. The four nerves to the cirri of the

spadix or the antispadix spring from the edge of the ganglion. They appear to belong to the

superior labial series, but being a little larger. A few -special nerves pass from the ganglion

into the liase of the spadix. One of these (Figs. 41, 30) forms an enlargement in the base of the

spadix, from which several small nerves pass into the surrounding tissues.

In a less than half-grown male the spadix formed a verj^ small, flat organ, resembling the anti-

spadix, which scarcely reached as far as the tips of the jaws. Vayssikre has already shown that

the cirri of the spadix are at flrst like tho.se of the antispadix, and that they undergo moditieation

quite late in the life of the Nautilus.

VAN DER HOEVEN's ORGAN.

Directly beneath the buccal mass of the male Nautilus is a peculiar organ discovered by

Van dee Hoeven and since known by the name used at the beginning of this paragraph. (Figs.

8, 9, 10, 66, 67, 68, and 7.3.) To this organ an olfactory function has been ascribed, without any

evidence, to be sure, Init apparently in accordance with ii common custom of describing any organ

of Nautilus, the function of which is unknown, as an olfactory organ. The organ opens into a

pocket formed laterally by the lal)ial ridges, ventrally by the cephalic sheath, and dorsally by a

ridge connecting the labial ridges. Into this pocket the anterior end of the organ projects freely.

(Fig. 8.) The walls of the pocket soon attach themselves to the organ and, being continued upon

its surface, form a tunic. This attachment takes place near the anterior end of the organ dor-

.sally, but near the middle ventrally. (Fig. 9.) The organ is oval, the long axis lying parallel to

the long axis of the body, and is flattened dorso-ventrally. It is 2.5 millimeters in length, 15

millimeters in width, and lO millimeters in thickness.

If the pocket, or atrium, into which the organ projects ))e op(>ned as far ))ack as the attachment

of its walls to the organ, we see that the anterior part of the latter is divided by a median longi-

tudinal fissure which extends from the ventral side nearly through to the dorsal side of the organ.

(Fig. 8, VF; Fig. 10.) The fissure does not extend on the surface quite as far back as the

attachment of the integiunent to the organ. Transverse and longitudinal sections rev(>al the

fact that the fissure just mentioned does, however, extend within the organ for some distance
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into its posterior half, and that it communicates dorsall}' with a broad transverse tissure near the

dorsal side of the organ. (Figs. !) and 10, H.) The transverse horizontal fissure extends almost

to the posterior end of the organ.

The anterior free portion of the organ is firm in texture and is seen to be partlj' divided into

l()l)es by fissures extending from the edges of the vertical fissure. In longitudinal and cross

sections of the organ the deeper parts of the longitudinal fissure are seen to be bordered by
thin, shelf-like lamina', wiiich extend about halfway to the lateral edges of the organ. (Figs. 10

and tltl.) The laminae do not reach the posterior part of the organ, extending only as far as the

po.sterior end of the vertical fissure, which ends in a line directed upward and backward.

The regions posterior to the lamina; and dorsal and lateral to the horizontal fissure are

glandular. The openings of the glands can be seen with the naked eye or a hand lens upon the

walls of the horizontal fissure. The glandular part of the organ is quite distinctly different

from the remainder in appearance and texture, but still is firm and hard.

Both the lobules of the anterior region and the horizontal laminse radiate from a small region

of firmer tissue near the anterior end and on each side of the vertical fissure. (Fig. 9.) The lobules

noticed at the sides of the anterior portion of the vertical fissure are thick and fleshy and often

have their edges rounded. Posteriorly they are seen to graduate into the horizontal laminee; as a

matter of fact, lobules and laminiB are differently developed members of a single series. Counting

all as lamina?, there are from 20 to 2-1 lamina; upon each side of the vertical fissure.

Several muscles are attached along the lateral edges of the anterior part of the organ. At
their attachment they usually form a distinct muscular ridge from which two principal muscles

separate themselves on each side. One pair of muscles extends backward along the sides of the

organ to penetrate the muscular base of the buccal mass above and outside the ventral buccal

retractors. (Fig. 8.) The other pair of muscles extends outward and each soon divides into

two branches. The anterior l>ranches are spread out upon the bases of the superior labial lobes.

The posterior branches go to the sides of the cephalic sheath below the anterior. This arrange-

ment of the muscles shows distinct resemblances to that of the muscles of the inferior labial

lobe of the female. (Fig. 26.)

A large nerve arises from the pedal ganglion just outside the infundibular nerve. (Fig. 41,

7 and 3.5.) The two nerves pass along the sides of the organ of Van der Hoeven, entering it a

little anterior to its middle.

A branch from the tentacular artery of each side supplies Van der Hoeven's organ with

blood. These are the same branches which, in the female, supply the inferior labial lobe. (Text-

fig. 10, p. 182, 1 and 3.)

The fiiTu tissue forming so large a proportion of the anterior part of the organ is composed

of a thick-meshed reticulum of elastic tissue fibres, in the interspaces of which run bundles of

uuiscle fibres. The tunic is composed of a layer of muscle very distinct from the underlying

tissues. The bodies of the lobules and the laminfe are almost entirely composed of elastic tissue.

The bodies of the thin horizontal lamina; which lie hidden within the organ are not thicker, and

frequently not as thick as the epithelium of either surface.

The epithelimn of the lobules and the lamina; is of exactly the same character. It averages

8()n in height, and is composed of a single cell layer comprising two entirely different sorts of

cells. The more evident, and at first sight the only sort, are slender columnar cells from 5^ to

8/< in transverse diameter. Oval nuclei situated in the very bases of the cells make a distinct

row along the laminte. All these cells appear to be able to form a secretion, which is contained

in the cells in the shape of granules, which stain with remarkable intensity. But while all the

cells appear to possess the power of secretion, not all in my preparations were exercising it.

Next to areas in which all the cells were choked with secretion are areas the cells of which con-

tained no secretion whatever. And as a rule, there is no gradual transition from one area to

the other. The boundaries of the areas are distinct; upon one side all the cells are crowded

with secretion, upon the other side not a single cell contains any secretion. In only a few places

are secreting cells mixed with others not secreting along the edges of the areas. As a rule, the

areas free from secretion are near the edges of the laminaa turned toward the fissure (the

Vol. 8—No. 5 3
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inner), while tlie outer parts of the lamina are covered by eells full of secretion. Occasionally,

however, non-secreting areas niay be found near the outer attached edges of the lamina? as well.

No secretion has been found in the cavity of the organ. The sum and substance of these facts

probably amounts to this, that the secretory function of the epithelium of the lamina* is exercised

periodically only, and that my material was collected during the period of preparation, but

before the entire secretory area had assumed its function.

The epithelium of the lamina? appears to be ciliated, and this appearance is connected with

the presence of a second sort of cells in the epithelium. 1 have stained a number of preparation.s

with borax carmine, and then with Lyons blue. Such preparations show a second line of nuclei

at the level of the middle of the epithelium of the lamina\ These nuclei are exceedingly slender,

being 6/^ to 8/* in length by lyu to liyu in width. They belong to and are situated near the

center of long thread-like sensory cells, which stand thickly around the secretory cells. (Fig. 73.)

The ends of the former project beyond the latter, forming sensory spikes, which are so numerous

that they give the appearance of a thick coating of strong cilia belonging to the secretory cells.

The cell bodies of the sensory cells are so slender and absolutely thread-like that they are not

clearly visible without special stains, and then only in places where the other epithelial cells

have been accidentally separated. Fig. 73 is an accurate drawing of such a place under a mag-

nification of nearly 500 diameters, but taken from the glandular portion of the organ and not

from the himinte. The sensory cells, however, are alike in both regions. Favoraljle cross

sections of the epithelia show the nuclei of the sensory cells thicklv clustered around and

between the secretory cells. The bases of the sensory cells pass into the subepithelial tissue as

fine fibres, and are there lost; but it seems only reasonable to suppose, that they are directly con-

tinuous with nerves, and that the cells are true sensory elements. We have now a better ground

than before for supposing this organ to have a sensorj^ function, which may very possibly' be

olfactory.

The epithelium of the sui-face of the anterior parts of the organ and of the skin forming

the walls of the atrium is of the same form as that of the laminte, though apparently not at

all glandular.

The glandular portion of the organ is composed almost entirely of long branched glandular

tul)ules with narrow lumens. (Figs. 6<5, 67, and dS.) The tubules are parallel to each other, while

the submucous tissue separating them is so slight in amount as to form little more than a

separating lamella. (Fig. 68.) The tubules are lined by a single-layered epithelium, compo.sed,

like that of the lamina?, of secretor\' and sensory cells.

The secretory cells are of a very difierent character from those of the lamina* and probably

produce a diti'erent secretion. The regular arrangement of their brilliantly staining nuclei in

the bases of the cells causes stained sections to appear almost diagrammatic. I do not think

that the histological condition of my material is good enough to warrant my making ii detailed

comparison between these cells and the secretory cells of the lamiiife. The regular arrangement

of the tubules make the glandular region a striking feature of sections. The clearness of its

secreting cells compared with those of the lamina?, their slightly greater width, and the larger

intensely staining nuclei are features which quite clearly distinguish the secreting cells of the

glands from those of the lamina?.

The gland cells average itO/* in length and are from 7/' to lO/< in width. The secretion

collects in the shape of numerous droplets or granules in the portion of the cell above the nucleus.

No secretion was found in the lumens of the glands.

Around and between the secretory cells are sensorj' cells exactly similar to those described

in the epithelium of the laminse (Fig. 73). The slender nuclei of the sensory cells form a quite

distinct row at the middle of the epithelium. The sensory cells are not so numerous in the

glands as upon the laminiv. but still their number is surprising. Fig. 73 is drawn from a section

in which the secretory cells had separated from the submucosa and each other, leaving the sen-

sory cells revealed. The section was cut somewhat obliquely, and so does not show the free ends

of the cells. The sensory cells are perhaps a little more numerous here than in most portions of
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the glandti, although the portion to be drawn was chosen at random. In a few plates in ni}-

sections of the glandular portion of the organ I have seen the ends of the sensory cells project-

ing- beyond the surface of the epithelium as sensory spikes, but in most places the projecting

parts wore not present. Whether this is the normal condition or is due to poor preservation of

the material I can not say.

The nerves (Fig. 8, N) which enter each side of Van der Hoeven's organ end in ganglia at

the sides and near the posterior ends of the lamiuffi (Fig. 41,35; Fig. (36, Gn). From the gan-

glia a small nerve extends into each lamina (Fig. 66, N), and two or three nerves on each side

pass into the posterior glandular region. Each nerve to the laminse is accompanied by a small

artery. The laminar nerves possess an outer la_yer of ganglion cells as well as ganglion cells

scattered throughout them. Each of the small lobular divisions of the anterior part of the organ

receives a single nerve as well as the thin laminae.

The facts described seem to me to constitute good and sufficient evidence for considering the

inferior labial lobe of the female and Van der Hoeven's organ to be homologous. The position

in the body is the same; the principal muscles are very nearly alike; the innervation is the same;

the course of their blood vessels is the same.

It also seems probable that each lamina corresponds to one of the cirri or lamellte borne upon

the inferior labial lobe of the female. The main evidence for this rests upon the innervation of

the lamina?, which is exactly similar to that of the cirri and lamellae of the inferior labial lobe.

The structure of the nerves themselves is also the same in the two organs. The presence of a

small blood vessel running close to each laminar nerve also constitutes a bit of evidence in favor

of this view. The number of laminffi in Van der Hoeven's organ is the same as the number of

cirri and lamella? combined of the inferior labial lobe, and the reasons for considering the cirri

and lamellffi of the latter to be homologous have already been brought forward.

Finalh' the sensory cells add support to the view. It will be remembered that between the

lamella? of the inferior labial lobe are pits lined by a peculiar epithelium. The cells of this

epithelium appear to be exactly similar to the sensory cells scattered over the surfaces of Van
DER Hoeven's organ, and I think it not improbable, taking into consideration the other evidence

for the homology of these organs, that during the course of the metamorphosis of the inferior

labial lobe of the male, the sensory cells, which in the female are confined to limited areas occu-

pied by them alone, have become distributed over the entire surface of the organ.

The glandular part of Van der Hoeven's organ, which forms so large a proportion of the

whole, does not seem to correspond to any portion of the inferior labial lobe of the female. The

gland is probably a new formation developed in accordance with the changed and special func-

tions of the lobe.

The inferior labial lol)e of the female is evidently in much more neaidy the primitive condi-

tion, its parts being but little modified from the type of structure of the many simple tentacles

around it.

Here, too, the question constantly arises, What are the functions of this organ?

When any organ dift'ers so much in the two sexes it seems only reasonable to consider that

it is a sexual organ of some sort. We have, then, at least reasonable grounds for saying that

Van der Hoeven's organ, and possibly the inferior labial lobe, is an accessory sexual organ;

but we know nothing whatever of its chief functions. Apparently its secretory functions are

only periodically and not constantly active. To what use the secretion is put is impossible to

guess, even if guesses happened to be desirable. The organ may be a sensorj- organ all the

time and a secretory organ only part of the time, or both functions may be active only period-

ically. In the latter case, again, the sensory function may be active only when the organ is not

secreting, or this may be the time when the sensory function is most active, or the only time

when it is active. It seems prol)able that the sensory function is either that of tasting or smell-

ing. Possibly the activity of the secretory cells, or at least the flow of secretion, depends upon

the perception of certain substances in the water by the sensory cells, or the sensorj' function

may have a much closer relation to the everyday life of the animal.
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OCULAR TENTACLES.

There are four of these tentsK^'les, two .springing from near the base of the stalk of each

ove. The eyes, it will be remembered, are attached to the sides uf the head in the angle formed

by the posterior edge of the lateral portion of the cephalic sheath and the projecting auricles of

the hood. The ocular tentacles arise above the level of attachment of the eyes, one in front of,

and the other behind, each eye (Fig. 1, O' and O"; Fig. 2. O'; Fig. 3, O"). Accordingly, they

are distinguished as the preocular and the postocular tentacles.

The preocular is situated upon the base of the cephalic sheath, inmiediately baclv of the

posterior corner of the sheath of the second digital tentacle, and in tlie angle formed l)y the

projecting sides of the hood and the lateral walls of the head. Its sheath forms a portion of the

posterior part of the cephalic sheath, only a few millimeters of its tip )>eing free.

The postocular arises aljove the posterior edge of the eye in the angle made by the hood and

the sides of the head. It stands .straight out from the sides of the head, having a free sheath (i

to 10 millimeters long. The preocular is directed outward and forward, the postocular outward

and slightly backward. Both tentacles are well protected by the projecting sides of the hood.

The cirri of the ocular tentacles are in their general features like those of the digital tentacles,

but under the general similarity are most important differences of structure as well as of function.

They are oval, lacking the angles of the digitals (Fig. 65). The anmilar grooves are very deep

upon the anterior sides, and this is especially noticeable near the tips of the cirri (Figs. 64 and

63). Owen (1832, p. 14) well describes these cii'ri as "in reality composed of a muiiber of flat-

tened circular disks appended to a lateral stem." The closely pressed ridges project from the

base to the tip of the cirrus like the lateral plates of a cephalopod gill.

Observations made by Willey and pul)lished in the fortieth volume of the Quarterly Journal

of Microscopical Science are well worth quoting in this connection:
'

' The occurrence of a special tentacle in front of the eye and another behind the eye in Nautilus

is well known. These tentacles resemble the large number of remaining tentacular appendages

in being ringed and also in being retractile within sheaths, but differ from them in almost every

other respect. In the first place, most of the tentacular appendages of Nautilus have essentially

an adhesive function, to which is related a prehensile function. They are employed for seizing

hold of food and for attachment to surfaces

" It will not be surprising to learn that the adhe.sive tentacles are not ciliated; but it is neces-

sary to mention this negative fact, because the preocular and postocular tentacles are ciliated.

On the side corresponding to the suctorial ridges of the adhesive tentacles the annulations of the

preocular and postocular tentacles form deep grooves, between which the ridges project as promi-

nent lameUa'. The upper and lower surfaces of the lamellic and the ))ases of the grooves are

covered with vibratile cilia. There can be but little doubt that the preocular and postocular

tentacles of Nautilus represent tentacular processes, homologous with the adhesive tentacles,

which have been modified to .serve an accessory olfactory function. We will therefore speak of

them as th<> olfactory tentacles, in contrast to the adhesive tentacles

"The olfactory tentacles .... when extended stand out from the body nearly at a

right angl(>. the preocular tentacle being directed slightly forward and the postocular tentacle

usually tending backward. The ciliated olfactory lamella' are directed strictly forward.

"In the living Nautilus the olfactory tentacles otherwise offer a strong contrast to the

adhesive tentacles by their almost uniform white color. When examined under the microscope

there is found to be a little brown pigment in the annulations and at the edges of the lamelhe,

but when viewed in toto under water the general color effect is white.

"Moreover, the adhesive tentacles (^an be touched without necessarily being retracted, but at

the slightest contact with a foreign body the olfactory tentacles are instantly retracted within

their sheaths. The presence of accessory olfactory tentacles in Nautilus can, I think, be related

to an essential bionomical difference between the existing Tetrabranchiata and the Dibranchiata.

"Nautilus finds its food chiedj^ by the sense of smell, while it is a matter of more or less
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common observation that the Dibranchiata, with their remarkably perfect eyes, pursue their

quarry by the sense of sight."

The structure of the preocular and postocular cirri seems to be the same in all respects. The
annular groo\'es. which are so deep upon the anterior side, are frequently no more than grooves

in the epithelium upon the opposite side; i. e., the groove is formed by certain of the epithelial

cells being shorter than those of the remaining surface of the cirrus, the bases of all being at the

same level. In other portions of the cirri the grooves affect the subepithelial tissues of the

posterior side as well. The ridges upon the anterior face of the lower part of the cirrus are

very thin and flat, are closely pressed together, and lie in a plane perpendicular to the axis of the

cirrus. The ridges of the tip of the cirrus are not flat, nor of even thickness, are more separated

from each other, and turn upward around the cirrus like portions of the rim of a saucer. They
form little cups, open toward the tip of the cirrus.

The epithelial cells of the cirri are all slender columnar cells. The cells of the bottoms of

the grooves are taller than those upon the outer portions of the ridges. The former are about

60/t in height and -iM in width. They are ciliated, the fine cilia being about 14/i in length. The

latter cells are only -ii^i in height. All possess oval nuclei irregularly located in the basal halves

of the cells. Occasionally a goblet mucus cell is found among the ciliated cells. Goblet cells are

frequent upon the posterioi- surfaces of the cirri and upon the unciliated portions of the ridges.

The basement memlirane upon which the epithelium rests is remarkable for its sharp outline and

irregular surface. One I'an scai'cely imagine a surface more wrinkled and pitted in a minute

way. The outer surface of the epithelium, however, does not repeat this irregularity.

The subepithelial tissue of the ridges is very scant, what little there is consisting of fibrous

and elastic connective tissues, and containing few muscle fibres.

From the structure of the cirrus, the side Ijearing the high ridges evidently corresponds to

the inner side of the cirri of the other groups, although it is turned forward. As a matter of fact,

if the ocular cirri were pulled forward until they were parallel to the digital cirri, the now anterior

sides would then be inner. For the sake of convenience in description and the comparison thus

introduced, I shall speak of the anatomically anterior side, when needful, as the inner side.

The arrangement of musculature is practically that which has been described as typical of

the digital tentacles, except that it is even more regular in the ocular tentacles. As portions

of the ridges are not constructed for adhesion there is no interruption of the arrangement of the

muscles upon the inner side of the cirrus. Radially arranged longitudinal muscles surround the

nerve, although this is, as in the former case, nearer the inner side of the cirrus than the outer.

The two layers of circular muscle fibres and the outer longitudinal muscles pass uninterruptedly

around the cirrus.

The ocular cirri are especially well supplied with rather large blood vessels. It would be

interesting to know If the arteries described by Willey as going to the eye do not also give ofl'

branches to the ocular tentacles, or if the latter are supplied from the tentacular artery. Upon
the inner side of the nerve is an artery which corresponds in position to the artery of a digital

cirrus. Several other arteries, perhaps branches of this, lie near the nerve. A large vein lies

between the artery and the inner side of the cirrus.

The structure of the nerves of the ocular tentacles is notable. (Fig. 64 and 65, N.) The nerves

of the preocular and postocular tentacles arise as branches of a nerve which springs from the

side of the pedal ganglion, the remainder of it being distributed to several of the digital tentacles.

(Fig. 41, 11.) A cross section of the ocidar tentacles shows that their nerves are of unusual size.

Near the tip of the cirrus the nerve has the same character as the nerves of the cirri already

described. It has an outer layer of ganglion cells, thickened in each segment into ganglia.

Shortly, farther from the tip of the cirrus, numerous bundles of nerve fibres join themselves to

the inner side of the nerve trunk. As these pass toward the base of the tentacle they seem to

gradually enter the nerve trunk, their places being taken by other nerve bundles from the outer

parts of the cirrus. Thus a kind of accessory nerve is formed which extends from near the tip

of the cirrus to its base along the inner side of the primary nerve trunk. (Fig. 6.5, N'.) These
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nerve bundles are not surrounded by ganglion cells like the nerve trunk, .so it is easy to distin-

guish the boundaries of th(> latter in both longitudinal and cross sections. Nevertheless, they

contain numerous nerve cells lying singly or in groups, some of the groups forming what one

might call strands of nerve cells, parallel to the nerve bundles. At the base of the cirrus all the

lateral bundles have entered the nerve trunk, which is here of the oi'dinary size. The nerve, as

a whole, is enlarged in each segment of the cirrus by aggregations of nerve cells, the primary

nerve trunk being the part most affected. From each ganglion twelve to sixteen nerves pass

radially to different parts of the segment, especially to the lamella-like ridge of the inner side.

These nerves are very large and distinct. The nerves passing to the ridges can be traced to

directl.y beneath the basement membrane of the epithelium. I could not determine any direct

connection of the nerves with cells of the epithelium, although, in view of the peculiar character

of the tentacles and the epithelium of the grooves, and the very liberal and conspicuous inner-

vation of these regions, it seems probable that futui-e research will reveal special nervous elements

in the epithelium.

The most curious feature of the ocular tentacles is yet to be described. The tips of the cirri,

consisting of several segments, or of a single terminal segment, break very readily. The ease

with which the segments break off' is explained by the presence in the cirrus of breaking planes,

as I have called them. In longitudinal sections lines are seen stretching across the cirrus from

o-roove to groove, along which the connective tissues are weak or discontinuous. (Fig. 64, X.) The

planes correspond to the grooves between each two segments. The longitudinal muscles and the

nerve cord are not broken, but the muscles at least break very easily along the planes. Occa-

sionally connective tissue nuclei are gathered along the breaking planes, though this may be a

coinciclence rather than a structural character.

At all events, there seems to be here a provision for the amputation of segments of the preocular

and postocular cirri with considerable ease. It would seem as if the retraction of the cirri within

their sheaths at the slightest touch, as already quoted from Willey's published observations,

would protect them from injury. And especially so, as they are situated in a nook under the

auricle of the hood, back of the cephalic sheath, and above the eye, so that it seems as if they

need be only partly retracted within their sheaths to be completely sheltered. I feel cjuite sure,

from the constancy of these structures between all the segments of my sections, that they are not

artifacts, although I do not by any means deny such a possi))ility. If they are natural struc-

tures thev appear to be a mechanism providing for the common and easy loss of (but not self-

amputation, necessarily) terminal segments of the ocular tentacles, and they also point to the

possil)ilitv of rapid regeneration of the lost portion, as is the case in other animals in which pro-

vision is made for the easy loss of certain parts of their bodies. But it is also very strange that

Nautilus should possess such a mechanism in the ocular tentacles when it also has the ability to

retract them quickly upon a slight stimulus.

The innervation of the ocular tentacles, as well as their position and structure, leaves no

doubt but that they are members of the digital series which have become modified for sensory

functions.

To summai'ize:

The <ligit(il tentacles of both .sexes are exactly alike in number, distribution, and structure.

Their fused sheaths form the cephalic sheath, a fleshy wall surrounding the anterior portion of

the head. Upon the inner side of the cephalic sheath of the female, above the funnel, is a

lamcllated region for receiving the spermatophore.

The suptrior lahUtl tentacles are alike in position and sti'ucture in both sexes, but are less in

number in the male than in the female.

The inferior hihial Johes and tentacles are present in both sexes, but are quite different in

each. In the female the lobe is large and muscular. Upon its anterior edge are numerous

tentacles, some of which develop cirri, while others form lamellffi, at the bases of which are certain

sensory pits. In the male the lobe and its tentacles are represented by Van dee Hoeven'.s

organ. The laminse of this correspond to the cirri plus the lamelL-e of the inferior labial lol)e

of the female, while the gland is not represented in the latter organ.
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The spadix and antispadix do not correspond to any group of tentacles in the female, as far

as our present knowledge goes. It has been suggested that they have been formed by the

separation of the four ventral tentacles of the superior labial group. It is true that the number

of tentiicles comprised by the spadix or the antispadix added to that of the superior labial group

equals the number of tentacles in a superior labial gioup of the female, and that in young animals

they are like these in size and structure. The innervation of the spadix and antispadix also

seems to be like that of the superior labial tentacles. Yet the two organs are so completely

separated from the labial tentacles, even standing entirely outside the lal)ial ridge, that we must

consider it still an open question if they are represented in the female until embryological

evidence can be obtained.

The ocular tentacles are members of the digital series which have liecome modified for

sensory functions.

This seems the best place to consider another secondary sexual character, which after

all is closely connected with the tentacles. Both Vayssiere and Willey point out that a

difference exists in the shape of the opening of the male and female shells. In general the shell

of the mde is larger than that of the female, and the breadth of the opening of the shell is

greater in proportion to its height in the male than in the female shell. But these characters

are so variable that in examining a large number of empty shells I was unable to determine

which had belonged to males and which to females. Willey himself emphasizes the variability

of this character. The hood of the male exceeds that of the female in size in the same manner as

has just been mentioned for the opening of the shell.

The generally larger hood and shell opening of the male seems to be largely the result of

the growth of the spadix.

PALLIAL COMPLEX.

MANTLE.

The mantl-e cavity of Nautilus extends completely around the body, it is shallow dorsally,

but ventrally a deep, capacious cavity, which contains the various organs spoken of as the pallial

complex.

The mantle itself is a thin and only slightly muscular fold, which fits closely against the walls

of the inhabited chamber of the shell. I wish to make a sharp distinction between the mantle

and the body wall, especially between it and the thin, membranous portion of the body wall

covering the visceral hump and so frequently spoken of as the mantle. I shall limit the term

"mantle" in this description to the projecting fold around the middle of the body, extending for-

ward from its junction with the body wall and elsewhere free from the body, surrounding it like

a cape. The name can not properly be applied to any other portion of the body wall.

The ventral and lateral edges of the mantle follow the edge of the shell and are attached to it

it (Fig. 1, V M). From umbilicus to umbilicus, dorsally, the mantle forms a free fold, which lies

against the involution of the shell (Figs. 1, '2,, and 5, D M). The most shallow parts of the mantle

cavity are just beneath the umbilici of the shell, dorsal to each shell muscle. The edge of the

mantle following the edge of the shell slopes rapidly upwai'd and backward to the umbilici.

The posterior limit of the mantle cavity also slopes upward and somewhat forward to the same

point. Thus the depth of the mantle cavity or the width of the mantle, 10 centimeters in the

mid-ventral line, is reduced to 1 centimeter over the shell luuscles. The dorsal portion of the

mantle is produced upward and forward and is closely pressed against the lower portion of the

involution of the shell. In the mid-dorsal line, therefore, the mantle has a width, or the mantle

cavity a depth, of about i centimeters. The dorsal part of the mantle cavity contains no organs,

and is nearly closed off from the ventral part by the narrowness of the lateral portions, which are

still more nearly closed by the upper ends of the crura of the funnel. The dorsal part of the

mantle cavity nuist be nearly minimal in volume, since the hood and body wall forming its floor

fit closely around the involution of the shell. The dorsal portion of the mantle is probably

strongly contracted in alcoholic specimens, since it does not extend nearly as high up on the
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involutious of thi' shell as the posterior face of the hood. It has been suggested that the l)l:ick

layer seen upon the lower portion of the iinolution of the shell is deposited by the dorsal portion

of tho mantle. The cpithcliuni of the posterior surfat-e of the hood is pigmented and glandular,

and probably plays the principal part in the deposition of the l)lack material.

The mantle is for the most part a very thin, almost membranous, fold and is only slightly

muscular. The contrast between it and the mantle of most of the Dibranchiata is very striking

in this respect. The anterior border of the part of the mantle which is attached to the edge of the

shell is slightly thickened and is comparatively ([uite musculai-, forming a band along the edge

of the mantle 1 centimeter to 1..5 centimeters in breadth. The median ventral portion of the

mantle is also frecjuently especially muscular, and forms a strip which joins the nuiscular border

like the stem of a T. The edge of the mantle is marked by two parallel grooves separated by a

.sharp ridge. The mantle seems to be attai'hed to the edge of the shell, not only by its own edge,

but also along a narrow band extending back from the edge on the outer side, along which the

epithelium is peculiarly modified. Probably this attachment is not very strong.

The dorsal portion of the mantle is of uniform thickness, and. while very thin, is still nuich

more muscular than the ^entral portion.

The ventral portion of the mantle frequently presents a peculiar appearance. The tissues

on either side of the middle line seem to have become chitinized; the mantle in these spots appears

thin, transparent, and structureless, and has the appearance of a thin sheet of chitin. Sometimes

the chitinized areas (if we may so call them) are small, like oval windows set in the sides of the

mantle; sometimes they extend over the greater part of the ventral portion of the mantle, and

souietimes even across the mid-ventral line. In any case the thickened border of the mantle is

not affected. This change in the tissues of the mantle appears to begin on each side of the middle

line ventrally and then to spread in all directions from the two starting points until nearly the

whole of the ventral part of the mantle is affected. The question. Is this an accompaniment of

senility ^ can not help but l)e suggested.

Speaking more exactly, the preceding description applies to the greater part of the \entral

portion of the mantle, but not to all of it. There is a narrow posterior region which is thickened

and which has hitherto been described as being part of the body wall. I wish to call especial

attention to the fact that the posterior portion of the mantle of Nautilus is a true outfolding of

the body wall, and that the renal sacs and the rectum are situated within this portion of the

mantle and not inside the general body, as in the Dibranchiata. The pallial complex of Nautilus

is entirely different from that of the Dibranchiata, not alone in its parts, but also in the relation

of these parts to the body and to each other. This will l)e bi-ought out as we proceed with the

description of the separate parts of the complex.

As the renal sacs lie in the posterior part of the mantli% this is consequently thickened and

entirely different in its appearance from the anterior part. The renal sacs occupy only the cen-

tral or most ventral region of the posterior portion of the mantle. They lie entirely between

the posterior pair of gills. When the mantle is turned back and the animal turned ventral side

up, as is usually done in examining these parts (Figs. 3 and 4), the renal organs sink more or

less into the body, and the inner side of the mantle above them sinks down until flush with the

surface of the body, so that the real relation of the parts is obscured. I presume that it is owing

to this fact that the true position of the renal organs has been overlooked for so long by most

okservers. I can not understand from his words whether Willey (18!)5) recognizes the same

relations between the parts of the pallial complex as 1 do or not. However, if one cuts the

mantle of a well-preserved specimen in the mid-ventral line while the animal is held in its natural

position, there is no doubt whatever about the extent of the mantle nor of the positions of the

renal sacs, rectum, anus, and gills, as well. The inner and outer walls of the posterior portion

of the mantle fold are very thin and soft. Keferstein described the thickened portion of the

mantle as a projecting part of the ])ody wall forming a posterior wall to the mantle cavity, upon

which were located the anus, gills, and nephridial and pericardial pores. Owen describes the

gills as situated upon the mantle. Joubin, however, certainly recognizes the real extent of the

mantle and the position of the various })arts of the pallial complex.
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The discovery of the pallial arterial system is due to Willey, who by meaus of injections

was enabled to describe this peculiar system. The lesser aorta divides into two branches almost
immediately aftei- leaving the heart. One branch, the septal, goes backward and supplies blood
to the siphuucle and the septal region of the body wall. The other branch, the pallial artery,
bends downward to the middle line of the body wall and then runs straight forward below the
skin on the surface of the renal sacs, and then in the median line of the ventral portion of
the mantle nearly to its anterior edge. From its posterior part the pallial artery gives off

branches to the intestine and the rectum. In front of the anus, at the posterior Umit of the thin
portion of the mantle, it gives off a large branch upon each side, the branchio-osphradial arteries.

These supply the posterior portion of the mantle and '"send up branches to the tips of the
branchiae, supplying the integument of the latter, and also a small branch into each of the
osphradia. ... In the female they also supply the nidamental gland." As the pallial artery
passes foi-ward it gives off several small branches to the lateral portions of the mantle. Arriving
near the edge of the mantle it divides into two branches, which turn to either side and follow
the posterior edge of the muscular margin of the mantle, the marginal pallial arteries. Very
numerous and regularly arranged short branches, the radial pallial arteries, spring from the ante-

rior side of the marginal pallial arteries, while longer and more irregular liranches pass from
the marginal pallial arteries backward into the middle parts of the mantle.

The marginal pallial arteries do not finally end in capillaries or blood sinuses, but unite with
the pallio-nuchal branches of the dorsal aorta, thus forming a complete arterial circle, discovered

by WiLLET, which he has named the circulus pallialis. The union takes place at the dorsal sides

of the shell muscles.

In addition to forming a union with the marginal pallial arteries, the pallio-nuchal arteries

give off' branches to the dorsal portion of the mantle, and to the dorsal nuchal region of the body
wall (the region which is hollowed out to receive the involution of the shell), and to the crura of
the funnel.

In regard to the pallial veins Wflley says the following:

"When a Nautilus becomes moribund it usually rises to the surface, owing to an abundant
production of gas in the interior of the body. If it is allowed to die and is then removed from
the shell the veins are found to be injected with gas of some sort, and the finest ramifications of

the veins, in the mantle at least, are displayed with a clearness which could hardly l)e attained by
artificial injection.

"The mantle is simply riddled by these veins in a manner which defies one's powers of

draftmanship. The veins are collected into two main trunks, which lie on either side of the

anterior pallial artery, and proceed backward to open into the afferent branchial vessels. At the

sides of the mantle there are also a number of lateral pallial veins, which open into a large sinus

situated over the shell muscles."

The mantle of the specimen Owen described possessed a peculiar abnormality. Its opposite

sides had grown together a)»ove the funnel so that Owen describes and figures it as "perforated

by a large aperture through which the funnel passes."

BODY WALL.

The inner side of the mantle cavity is formed by the body wall, to which I wish to devote

a few words so as to la}' a foundation for a point to be brought forward later.

Laterally— i. e. , at the sides of the body—the inner waU of the mantle cavity is formed by the

sides of the great shell muscles alone (Figs. 3 and -i). These muscles pass from the cephalic

cartilage outward and backward, forming the sides and part of the floor of the middle region of

the body wall, to be attached one to each side of the shell just anterior to the edge of the last

septum. Perhaps we might say that they end immediately back of the lateral portions of the

mantle cavity, for these parts of the mantle cavity are lunited posteriorly bj- the outer ends of

the shell muscles. The muscles are only about 5 centimeters in length, but 2.5 centimeters in

breadth by 1.75 centimeters in thickness. These dimensions convey an idea of what the power
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of these muscles must be. The outer sides of the muscles are convex, the inner sides concave.

The shape of the muscles in cross section is about the same as the shape of the area of attach-

ment of the muscles to the shell.

The muscles meet anteriorly, but as they pass outward and backward a considerable triangu-

lar space is left between their ventral edges. This portion of the body wall is composed of quite

a strong layer of transverse muscle fibres, which are continued, in part at least, outward over the

shell muscles. The actual thickness of this region of the body wall is very little, but it is

considerable when compared with that of the Ijody wall covering the visceral region. The vena
cava lies in the middle of the triangular space l)etween the shell muscles.

Between the dorsal edges of the shell muscles is another thin portion of the body wall,

which foi'uis the floor of the dorsal portion of the mantle cavity. This is also supplied with a

quite strong muscidature. This dorsal region of the body wall is concave, like a mold of the

involution of the shell. It passes into the hood anteriorly and laterally, becoming gradually

thicker and firmer.

The shell muscles have a very copious supply of lilood received through a number of arteries.

The posterior columellar arteries are the largest and most important of those supplying the

muscles. The left posterior columellar artery arises with the hepatic artery from a short common
branch of the dorsal aorta—the hepatico-columellar artery. (Text-fig. 10. p. 1S2.) The columellar

arterv takes a diagonal course upward, outward, and forward to the upper edge of the left shell

muscle, immediatelv anterior to its attachment to the shell. Then, liending downward and back-

ward upon the iimer surface of the muscle, it gives off numerous l)ranches which penetrate the

muscle. The right posterior cohnuellar muscle arises from the right side of the dorsal aorta

about 7 millimeters anterior to the origin of the hepatico-columellar muscle. As the posterior

portion of the dorsal aorta lies upon the left side of the body, the right posterior columellar artery

has a longer coui'se to run to rcai'h the right shell muscle than the left posterior columellar

aitery has to reach the left shell muscle. Othei'wise the course of the two arteries is the same
upon their respective sides.

From the point where each posterioi' columellar arterv bends downward a l)ranch is given

off to the region of the mantle in front of the shell muscles and to tiie portion of the body wall

dorsal to it.

The anterior portions of the shell muscles are supplied with l)lood by a brancli of each

innominate artery. These (the anterior columellar arteries) pass backward, downward, and
outward to the nuiscles. (Text-fig. 10, p. 182.)

In addition to these special arteries to the shell muscles, the nuchal arteries, or thcMr

branches pass along the inner dorsal edges of the nmscles and appear to send small branches

into them.

The shell nuiscles are innervated from the visceral ganglia. Exceedingly numerous flattened

band-like nerves pa.ss from the posterior side of each ganglion into the nuiscles. (Figs, il, 14.)

GILIiS.

The two pairs of gills are situated upon the mantle at the sides of the ventral mantle chamber.
(Figs. 8 and 4). They are arranged as an anterior and a posterior pair, one gill of each pair lying

upon each side of the mantle, close to each other. The gills of Nautilus differ from those of the

Dibranchiata, not only in number, but also in that they are situated upon the mantle instead of

upon the body wall, and in that they are attached by their })ases only, otherwise lying freely in the

mantle chamber. They have much the same .shape and structure as the gills of the Dibranchiata.

The gills are situated upon the thin and muscular part of the mantle just below the convex anterior

angle of the outer end of the shell muscle, the base of the anterior gill lying about S millimeters in

front of the base of the posterior gill. The bases of the gills are sometimes placed so closely to

each other that they seem, as Owen said, "each pair arising by a common peduncle from the

inner surface of the mantle," though I have never found this to })e literally true. Examination
always has shown that the l)ases of the gills were separate from each other.
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Thouo'h there is rarely any considerable diii'erence in the size of the gills, it will usually be

found that the gills of the anterior pair are thicker than those of the posterior pair, while the

latter may be a trifle the longest. Average measurements for the anterior gills are 18 millimeters

in width and 11 millimeters in thickness. The posterior gills are 15 millimeters in width and 9

millimeters in thickness. Both pairs of gills are about 5 centimeters in length. Each gill is

composed of two rows of flat, crescentic leaflets attached alternately to the sides of an oval stem.

Although the posterior gills possess somewhat the smallest bulks, they bear more leaflets than the

anterior gills, having about sixty-five pairs, while the latter have only about fifty-five. Owing
to the arrangement and shape of the leaflets the gills are flattened dorso-ventrally. The number

of leaflets varies considerably in difl'erent specimens, being as low as thirty in some. The

leaflets are attached upon the stem obliquely to the base of the gill. The leaflets of the tip of

the gill are rudimentary; they become more complex towai'd the base of the gill, being com-

pletely formed at about the tenth from the tip.

It will be noticed that in this description I have apparently reversed the position of the gills

as given by previous observers. This is explained 1iy the fact that others have described the

gills in the position they occupj' after the mantle has been reverted, and as though they were

attached to the body wall. Owen recognized the pallial position of the gills, but later observers,

with the exception of Joubin, seem to have assumed that the gills are upon the body wall, and

this makes the posterior and anterior gills of their descriptions correspond to the anterior and

posterior gills of my description.

The stems of the gills are flattened at their liases in the plane of the greatest width of the

gills to form thin plates. (Fig. i, at the end of the index line B V.) The lines of attachment of

the stems of the gills to the inner side of the mantle are directed upward, foi-ward, and slightly

outward. The anterior gills lie a little to the outside of the posterior gills. The branchial vein

runs along the ventral side of each gill as a projecting ridge. The In-anchial veins of the anterior

gills run inward from the bases of the gills toward the median line, suspended by a thin liga-

mentous band, which may be considered as an inward extension of the base of the stem of the

gills. (Fig. 1, B V.) At the outer borders of the inner renal sacs the veins pass inward through

the mantle toward the heart. The lower leaflets of the anterior gills extend inward for some

distance upon the ligamentous support of the branchial veins.

Each leaflet is composed of two parts, a central or basal supporting portion of the same

tissues as the stem of the gill and an outer folded respiratory^ portion. (Fig. 23.) A branch of

the branchial vein passes along the outer edge of each leaflet. Between the smooth liasal part

of the leaflet and the collecting vein the leaflet appears to be ridged. In n^ality it is not ridged,

but folded or tucked, and the folds of the tucks alternating upon one side with those of the other

side form the apparent ridges. The sides of the folds, however, have fine folds nearly at right

angles to the edges of the primary folds. Along both edges of the folds are small blood vessels

running at right angles to the marginal vessels of the leaflet.

The branchial vein lies upon the surface of the gill, forming a projecting ridge. Above the

branchial vein the leaflets of the opposite sides of the gill are united to each other in such a way

as to form a longitudinal septum extending between the vein and the stem of the gill. There is

no branchial canal in the gill of Nautilus. Upon the dorsal side the leaflets project considerably

beyond the stem of the gill, which is thus hidden in a groove between them. The stem is con-

siderably wider upon its dorsal than upon its ventral edge, and thus the leaflets come to be quite

widely separated dorsally. As the tip of the gill is approached the stem narrows. Toward the

base of the gill the dorsal side of the stem is produced into a sharp ridge. From the distal end

of the ridge to the tip of the gill the stem is marked by transverse grooves, extending from side

to side between successive pairs of leaflets.

The branchial arteries pass outward from the vena cava through the posterior walls of the

nephridial chambers. Here they form outpocketings into the glandular appendages upon both

sides of the walls. From here the arteries pass into the mantle and run in it along the bases of

the gills until they reach the middle of the attachment of the gills to the body. At this point

they turn and run along the ventral side of the stem of the gill to its tip. I have never been
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able, to find the valves uKMitioiuid by Owen as existing in the branchial arteries at the bases of

the gills. The minute structure of the gills of Nautiliw pmnpUkt,'< and mncromphahm has been

studied by Joubin. He considers that the thickened stem of the gill of Nautilus forms a

structure which is comparable with the glands he has described in the gills of other Cephalopods,

which are organs in which the blood corpuscles are formed.

The stem is covered externally by a layer of muscle fibres which also pass outward along the

concave edge of each leaflet. The stem is composed almost entirely of connective tissue, in

whi«h the glandular elements ai"e disposed at several points.

Near the outer surface of the stem is a layer of quite large vascular lacunfe. incompletely

lined with flattened endothelial cells. The lacunae are separated only bj- thin lamelhe of con-

nective tissue. The lacunje also extend outward into the supporting portion of each leaflet.

Only very small lacuna; are found in the center of the stem. In the middle of the outer .side

of the stem a large vein is constantly present, extending from the tip of the stem to near its

base, where it opens into the branchial artery.

In the central portion of the stem, liut still near the median vein, are a number of lacunae

which, instead of being empty, like those at the surface of the stem, are filled with large granu-

lar cells, each possessing a large nucleus. These may be fopnd throughout the remainder of the

gland (or stem), scattered here and there in the connective tissue. Joubin x-onsiders that the

central region is the only portion presenting an aspect compai'able to that observed throughout

the whole of the glands of othe" Cephalopods.

The remainder of the stem (gland, Joubin terms it) is foruK^d of connective tissue, in which

large numbers of muscle fibres are scattered.

The concave border of each leaflet is thickened, the thickening being due to a lateral extension

of the tissues of the stem of the gill into each leaflet. (Fig. 23.) It forms the supporting part of

the leaflet, as well as containing portions of the branchial gland. It contains very mmierous

vascular lacuna;, which difler in their arrangement from those of the «tem in that the larger

lacuna? are in the central portion, while the smaller lacuna are external. The lacuna^ receive

blood from the afl'erent \'essel of the leaflet. .Here and there are free cells in the iacunw similar

to those observed in the principal part of the gland. All this region of the leaflet is covered

with tall, columnar, epithelial cells. The outer ends of the cells bear a distinct Iwrder.

The thin respiratory memljrane is covered with large, flattened, epithelial cells. A great

number of lacuna; penetrate the inner part of the membrane, scarcely separated by a network of

connective tissue cells.

A band of muscle continued from the surface of the stem passes outward along the side of

the afferent vessel turned toward the respiratory membrane. In places the muscle projects into

the afl'erent vessel and is l)athed 1)y the blood flowing in it.

The blood reaches the gill through the branchial artery which runs along the inner side of

the stem from the base to the tip of the gill. (Fig. 23, 2.) Two sets of vessels are given ofi' from
th<> branchial artery. ITpoii opening the artery two rows of large alternating openings are seen

in the wall turned toward the k^aflets. These lead into the afl'erent vessels of the leaflets, which

run along the concave side of each, close to the edge of the respiratory membrane. Two other

rows of alternating openings, smaller than and median to the first, lead into vessels whicli

pass into the stem of the gill.

From the afferent vessels of the leaflets smaller vessels arise which pass at right angles to

the first along the entire length of the upper edges of the primary folds of the respiratory mem-
brane. Opposite each secondary fold is an opening in the wall of the vessel of the primary fold

through which the venous blood passes into the lacunae of the secondary fold, where the inter-

change of gases between the })lood and the water takes place.

In a similar ])ut inverse maimer the arterial blood is collected from the secondary folds into

efferent vessels lying along the lower edge of each primary fold. These unite in a vein following

the outer or convex l)oi'der of each leaflet, which vessels them.selves unite with the branchial

vein.

From the afferent vessels of each leaflet the blood escapes through several openings into the



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. ^ 143

lacuniB of the supporting portion of the leaflet. These are in communication with the lacunae of

the stem of the gill, and so the blood passes from the leaflets into the stem. From the lacuna?

of the stem it is gathered into the median longitudinal vessel lying near the surface of the stem.

During its passage througii the stem and its lateral extensions the blood has caught up many of

the free cells of the branchial glands, which now form new blood corpuscles. They are carried

by the longitudinal vessel into the In-anciiial artery at the base of the gill, and thus into the circu-

lation. It will 1)6 noticed that all the blood passing through the stem of the gill is venous, and

that, having made this short circuit, it i^asses again into the branchial vein, the greater part then

passing through the branchial leaflets into the systemic circulation.

An observation made by Willey on a young Nautilus is siguificant. Describing it, Willet

says:

"The youngest individual I have as yet obtained was a male with the following dimensions:

Millimeters.

Length from root of siphmiole to mid-anterior point of hood ( measured along the dorsmn) 25

Length of hood in middle line ^"- °

Breadth of body across middle of eyes - ^'^

"The surface of the hood was perfectly white and unpigmented. The l)ranchiffi of opposite

sides were in clo.se apposition in the median line, and, curiously enough, the larger posterior pair

extended forward far into the interior of the funnel.

"The shell was perforated at the umbilicus, as it is throughout life in iY. umMNcatus."

If this specimen was a typical one of the young Nautilus it is evident that the gills are moved

outward toward the sides of the body as the animal approaches maturity, a fact which possesses

still more interest wh'Cn we remem})er that the rudiments of the gills of the Dibranchiata arise

close to \he median line of the body, on either side of the anus, and that they move to the sides of

the body late in development only.

The branchial nerves are two large, flattened, })and-like nerves, one of which arises from the

posterior side and near the inner end of each visceral ganglion. (Fig. -il, 22.) They run directly

backward, along the ventral body wall, to the posterior limit of the mantle cavity. Here they

turn outward and forward in the innei- wall of the mantle fold. After giving off a couple of

small branches which apparently supply the walls of the renal sacs, the nerves fork near the bases

of the gills, and a branch passes into each gill. (Fig. 41, 19 and 20.)

The later shifting of the gills to the sides of the body may account for the peculiarly exposed

course of the branchial veins of the anterior gills. (Fig. i, BV.

)

INTERBRANCniAL AND PREANAL PAPILLA.

Just in front of the V)ase of each posterior gill is a small papilla upon the inner surface of

the mantle. (Fig. 3, IP.) The papillae are about 2 millimeters in height and width. It is to

these papilhe, situated between the bases of the anterior and posterior gills, that 1 apply the

name interbranchial papilla;.

In the median line of the ventral part, just in front of the line limiting the thin portion of

the mantle, two papilla^ project from the inner surface of the mantle. (Figs. 3 and 4, PA.)

Each papilla has the shape of a bilolied transverse ridge, and usually the two are fused,

forming a distinct ridge across the median line of the mantle. It is only rarely that the

papilhB are separate, and even then the separation is so slight as to be scarcely noticeable.

Willey describes a case in which the interval ln'tween the papillse was 2.5 millimeters. The

sometimes total separation and nearly constant partial separation of the two parts of the ridge

leads me to describe it as two papilhe fused rather than as a single papilla.

The united papilla? have usually passed, heretofore, by the name of postanal or supra-anal

papilla?. As it is readily demonstrated that they are situated upon the inner surface of the

mantle and not upon the body wall, they can not he postanal except when the mantle is turned

back and the natural position of the parts of the pallial complex is reversed. To avoid this

difficulty I suggest that they be called the preanal papilla?.

In 1883 Lankester and Bourne first called particular attention to the interbranchial
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I>:apilhiN callinj^ them osphradia, and suggesting that they correspond to the osphradia found so

widi'lj' distributed among the Moihisca. Their specimens were not sufficiently well preserved to

allow an histological examination of the papillse, so the hypothesis depended entirely upon the

evidence of their innervation. Laxkesteu and Bourne descriln' a small nerve as arising from

the nerve to the anterior gill near the fork of the branchial nerve and running into the papilla.

This innervation corresponds to the innervation of the osphradia of other Mollusca.

WiLLEY (1895) describes a small nerve proceeding to the osphradium of Lankestek and
Bourne from the point of bifurcation of the branchial nerve. He also suggests that the

preanal papilhe represent a pair of osphradia, "corresponding metamerically with the pair

described by Lankester and Bourne between the liases of the gill plumes." This suggestion is

based upon the form, and variations in form, and upon the innervation of the papilhe. It has

already been stated that the halves of the preanal ridge may be entirely separated, and that they

are always distinctly marked.

WiLLEY finds that a small nerve arises beside (inside of) each visceral nerve and runs back-

ward close to it. Arriving at the point at which the visceral nerves bend outward, the inner

nerves continue near the median line, passing into the mantle; they were traced through the

nidamental gland of the female. In regard to the relation of this nerve to the preanal papilla

WiLLEY says: "The inner and smaller visceral nerve passes over the region of the renal sacs on

each side to the base of what I may call the posterior osphradia, to which it undoubtedly sends

nerve fibres, although I can not .say positivelj^ that I have definitely traced these."

In another place in the same article he says: "As to the innervation, I will say at once that

it is very difficult to see the actual nerves or nerve fibres (because the nerves are often not

compact ti'unks, but broken up into loose strands) which pass into the osphradia; but the anatom-

ical relations of the visceral nerves to the osphradia, which, I think, have never been fulh'

described, are such as to leave no doubt as to the source from which the osphradia derive their

innervation.

"

WiLLEY called attention to the fact that these two papilla? have essentially the same topo-

graphical relations to the anterior gills which the osphradia of Lankester and Bourne have to

the posterior gills. "Their gi'eater proximity to the middle line is shared in common with the

posterior (anterior) renal sacs and apertures and even the posterior (anterior) branchial veins,

as compared with the corresponding anterior (posterior) structures. That they are bifid, and

therefore more highly developed than the anterior (posterior) osphradia, is in keeping with

thi'ir position in the living Nautilus in the anterior region of the mantle cavity, and also with

the fact that the posterior (anterior) branchise, with which they would be associated in the

mctameric system, are considerably larger than the anterior (posterior) branchite." The words
in parentheses indicate the relative natural position of the organs, Willey having described

them as they appear after the mantle has been turned back.

Willey\s argument for the metameric relation of the anterior gills and the preanal papillse

appears to be strengthened ))y the fact that in the young specimen already mentioned he foiuid

the gills closely approximated in the middle line, and in that case the preanal papilla; could

not have been far from the ))ases of the anterior gills.

In a later article ^VILLEY gives more interesting facts in regard to the structure of the

osphradia. '"By means of macroscopic .sections of fresh material the presence of vibratile cilia

on the sensory epithelium of both the inner and outer osphradia can be demonstrated, and this

I regard as the final proof of the osphradial character of the so-called postanal papilhe. The
.sensory epithelium of both osphradia is distinguished from the surrounding ectoderm both by
the presence of the cilia and by the general absence of goblet cells.

"The olfactory lamelhe of the accessor}' olfactory tentacles (the pre- and post oculars) and

the sensory epithelium of the osphradia are the only places where I have observed vibrating cilia

in Nautilus hitherto."'

A .set of serial .sections of the preanal papilhe of a male brought to light an interesting-

structure in this. In the base of each papilla is a gland compo.sed of a number of irregular branching

tubules. (Fig. 69, G.) Each opens separately to the exterior through a very minute pore. The
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tuhuk's iiKToase in size toward the ultimate branches. They are lined by a single layer of not very

tall columuar cells, the nuclei of which stained deeply while the body of the cells remained

unstained and clear. That the cells are secretory is proved by the fact that the cavities of the

glands were tilled by a secretion, the granules of which were so tine that it appeared homogeneous

under ordinary high powers.

These glands may be the homologues of the glands Kerr described as being scattered over the

a betwc^Mi the preanal papillffi and the nidamental gland in the female. I tind the same area

•ontinuously glandular and much thickened. (Seep. UT.)

The epithelium had been entirely rubbed off from the surface of the interbranchial papills

and the preanal papilhe, of which f made series of sections. Therefore. I have no personal

knowledge of its character. As regards the innervation of the papilla;, serial sections do not

reveal any such abundance of nerves as we should expect, were they sensory organs of importance.

The edge of the ventral part of the mantle possesses a remarkaole number of nerves, many of

considerable size. This being the fact, we have a right to expect that the innervation of sense

organs of the importance of osphradia will have an at least equally plentiful supply of nerves.

Instead of this being the case, serial sections do not show any nerves whatever passing into the

interbranchial or preanal papilla. The large nerve of the posterior gill is^^seen running by the

base of the interl)ranchial papilla, but neither in dissections nor in serial sections have I seen any

nerve pass from this into the papilla.

I do not wish to be understood to deny that the intert)i-anchial and preanal papilla? are

osphradia. ])ut I do wish to call attention to the fact that they are not yet proven to be

osphradia! Willey admits, and calls attention to the fact, that he has not been able to absolutely

trace any nerves into these papilhe. He goes very much farther than the known facts warrant

when he regards the presence of vibratile cilia "as the tinal proof of the osphradial character of

the postana*^ papilhe." While it is true that sensory organs are frequently covered by a ciliated

epithelium, among the cells of which the special sensory elements are nestled, the fact that certain

portions of the body of an animal are ciliated does not in and of itself constitute proof that these

portions of the body are sensory organs. The iinal proof as to whether or not these papillie of

Nautilus are osphradia must be, besides the presence of special sensory cells, their innervation;

and at present both these points are very much in doubt. The nature of the nerves of Nautilus,

to which Willey has called attention, and the position of these papilla? with respect to the course

of the nerves, render an investigation of their innervation quite difficult.

The morphological importance of osphradia is too great to permit of any assumption of

their presence in Nautilus without complete proof. It is because I do not consider that the

osphradial nature of the papilhe under discussion has been proved beyond any doubt that I have

used the name "interbranchial papilla" for the papilhe which have been called the osphradia of

Nautilus ever since the publication of the paper by Lankester and Bourne. This is suggested

as a provisional name until su.'h time afe the true nature of these papillse shall have been proven.

RENAI. AND PERICARDIAL PORES.

The renal organs are situated in the posterior portion of the mantle fold, their presence

causing the considerable thickness of this portion of the mantle. The glands situated upon the

anterior branchial arteries are shoved together in the median line below or anterior to the rectum.

The glands situated upon the po.sterior branchial arteries are just outside and behind those already

mentioned. So that we can ^vith justice speak of anterior and posterior renal organs (Fig. 36).

The anterior renal sacs lie beside each other on either side of the middle line; the posterior renal

sacs are separated by the two anterior renal sacs. Each renal sac communicates with the exterior

by a slit-like opening situated upon the inner side of the mantle. The openings of the posterior

renal sacs are at the inner ends of the bases of the posterior gills (Fig. 3, R P). The openings

of the anterior renal sacs are located at the inner ends of the bases of the anterior gills, or near

where the anterior branchial veins pass through the mantle into the body (Fig. 3, K A). Upon

the inner side of each anterior renal pore is another opening, the pericardial pore (Fig. 3, F P).
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Each luiial or pericardial pore is surrounded by a lip, a raised thickened portion of the mantle.

The pericardial pores are the largest of the six, being 3 niillinieters in length. The renal pores are

each 2 millimeters in length. The lips of the latter are divided into inner and outer parts, forming

tight valves. The main axes of the pores are all directed obliquely backward and outward.

ANUS.

In the median line of the mantle, just posterior to and above the anterior renal sacs, is the

anus (Fig. 3, A). Its edges are plaited and project slightly from the surface of the mantle. The
anus is situated upon the thickened posterior portion of the mantle, about 8 millimeters from the

line along which the mantle joins the body wall. The anus of Valenciennes's specimen was

situated upon the body wall between and at the middle of the shell muscles. Valenciennes has

shown himself too good an observer for us to consider that he made a mistake in this descri2:)tion

and figure. It was simply a very peculiar and rare abnormality.

KEPKODUCTIVE APERTURES.

The reproductive apertures of both male and female Nautili are paired. The two ditlei

from each other in the same sex, and the right apertures are differently formed in the two sexes.

The apertures of the female present the simplest conditions. The aperture of the functional

oviduct is upon the right side of the body, at the tip of a projection from the body wall

(Fig. i, O V), immediately anterior to the crease formed by the junction of the mantle with the

l)ody wall and about halfway between the right shell muscle and the median line of the body.

The transverse slit-like aperture is liorne upon a dorso-ventrally flattened plaited projection of the

body wall. This projection, which forms the tip of the oviduct, is, in preserved specimens, of a

dark-brown color. The color is the same as that of the nidamental gland, which Willey tells us

is a bright 3'ellow in the fresh condition; so the tip of the oviduct may also be of a Yevy different

color in the living than in the preserved specimens. It forms a projection 1'2 millimeters in

width, .5 millimeters in thickness (dorso-ventral measurement), and 10 millimeters in length. The
length of the dorsal side is not quite so great as that of the ventral side. The walls are thick and
transversely folded, and are evidentl}' glandular. In spite of its comparatively large size the tip

of the oviduct is not a conspicuous part of the pallial complex, being situated so low in the crease

formed b}' the mantle and the venti-al body wall.

The aperture of the left reproductive duct is an exceedingly minute pore on the left side

of the body, in the crease formed by the union of mantle and body wall, and located imme-
diately posterior to or above the l)ase of the posterior (the smaller) gill. The position and
form of this aperture are the same in both male and female Nautili. The aperture leads

into the organ commonly called the pyriform sac, which there seems to be good reason to

consider as the vestige of the left reproductive duct of Nautilus. It has the same structure

in both sexes.

The functional male efferent duct opens at the tip of the penis, a tubular organ lying in

the median line of the ventral body wall. (Fig. 3, P.) The tip of the i^enis only is free from
the body wall. The cavity of the penis is divided a little back of the tip of the organ l)}- a

longitudinal partition into two poitions, which are parallel for a certain distance. They then

fork, the left branch turning outward and backward toward the minute left reproductive

aperture, and soon ending blindly. The right branch continues to the right to that region of

the crease ))etween the mantle and the body wall where the tiji of the oviduct is located in

the female. It here penetrates the body wall and becomes continuous with the vas deferens.

Just back of the penis, which term refers to that median structure within which the efferent

ducts are parallel to each other and finally unite, and are contained within a common wall,

the right duct is swollen to form a considerable sac, the spermatophore sac. This forms a

protrusion of the body wall which is quite noticeable. The structure of these parts will be

described in more detail in the section treating of the reproductive organs.
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NIDAMENTAL GLAND.

Immediately in front of the preanal papilla' of the female a large pleated gland i.s situated

upon the inner side of the mantle. (Fig. -t, N.) Thi.s has been called the nidamental gland. In

the fresh condition it is of a light yellow color, but whe*i preserved its color is a dark brown.

The nidamental gland extends across the mantle nearly the entire distance between the bases

of the anterior gills. It has been called kidney-shaped. It is shaped as a number of thin, closely

pressed, parallel folds would be if their ends were bent around close to their middle portions

until the opposite ends nearly meet each other. Most of the folds of the gland are thus continu-

ous around the curved ends of the organ. The infolding has taken place toward the anterior side

of the main portion of the gland. The gland is about 60 millimeters in width, and 25 millimeters

to 32 millimeters in length. At its edges the mantle is raised, forming a border entirely around

the gland. On the posterior side and between the anterior and posterior portions of the gland

the border thus formed is only a low ridge. Upon the ends and the anterior side of the

gland the raised mantle forms a fold which overlaps more than half of the inturned portions of the

gland. The outer surface of the ridge of the mantle is smooth, and the inner surface as well of

the overlapping anterior parts. The inner surface of the other parts of the border is ridged per-

pendicularly and is apparentl}' covered by an extension of the glandular tissue of the gland.

By means of the raised border of the gland a canal is formed which enters the anterior side

of the gland and bi'anching, extends to each side between the anterior and posterior portions of

the gland. Owen suggests that the divisions of the nidamental gland serve " both to conduct the

secretion nearer the oriiice of the oviduct, and also to prevent its being drawn within the respi-

ratorj' currents of water, and so washed awa}' as soon as formed." If the channel lietween the

different portions of the gland serves to conduct the secretions of the gland, it is difficult to see

how it conducts them near the orifice of the oviduct with its open end directed away from the

oviduct and its lateral branches ending under the overlapping border of the gland.

The parallel glandular folds of which the organ is composed are quite separate in the anterior

portions, but are grown together closely in the posterior portion.

Medianly, between the ends of the anterior portions of the gland, is a thickened, apparently

glandular, projecting portion of the mantle. In the center of this is a low, longitudinal ridge,

(Fig. 4, Y.)

The gland is supplied with blood through branches of the branchial arteries. A large blood

lacuna lies in the median, line in the mantle below the nidamental gland. This breaks up into

numerous smaller lacunse in the thickened portion of the mantle between the ends of the gland.

In a half-grown female the nidamental gland was just forming. The mantle was scarce4y

thickened, Init the outlines of the difl'erent portions of the gland were already marked out by the

border formed by the raised fold of the mantle. The glandular area was covered by very fine

parallel ridges, scarcely \asible to the naked eye. The gland was of the same color as the sur-

rounding portions of the mantle.

Kerr has described a series of glands between the preanal papillas and the posterior side of

the nidamental gland. The apertures, '*to the number of about 1.50. form a 1iand about 0.5

millimeter in width, curving gently forward on either side of the postanal papilla, tapering off

and terminating close to the advehent vessel of the posterior gill. In section these openings are

seen to be the apertures of tul)ular ducts which pass inwards perpendicular to the surface for

some little distance and then l)reak up into several blindly ending branches. These are lined by

involution of the surface epithelium, which, in the neighborhood of each aperture, increases to

about twice its thickness elsewhere, its cilia at the same time becoming long and powerful (0.03

millimeter in length). Once within the narrow aperture the lumen of the tube expands to about

0.05 millimeter in diameter, and the lining epithelium becomes shorter, the remainder of the

lumen being lined by comparatively short columnar cells, each with a round ellipsoidal nucleus."

In some females this area is greatly swollen, forming a single elongate gland. It is not possible,

then, to distinguish the separate apertures of the glands upon the surface. I have not yet been

able to determine if the glands in the bases of the preanal papilla? of the male are homologous

Vol. 8—No. 5 i



148 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

with the just mentioned glands upon the mantle of the female. Their strueture is certainly very

much like that of the glands described by Kerr. As the epithelium of the inner surface of the

mantle had been rul)hed off in my specimens, I can not say anything about its structure. It is

strange that Willey should have overlooked the ciliated surfaces described by Kerk. Iverr's

observation certainly weakens Willey's "final proof regarding the osphradial nature of certain

papillae, for this is proof that other regions of the l)ody, aside from the surfaces of the grooves

of the ocular tentacles and the interbranchial pajjiihe and the preanal papilhe. are ciliated. The

glandular ai'ea is differently developed in different females of various ages, and this I take to be

an indication that it forms an accessory part of the female reproducti\e apparatus.

Let us now sum up the ol)servations on the pallial complex. The mantle is continuous around

the body, forming a broad ventral fold fastened along its edge to the edge of the shell, and a

small free dorsal fold, connected by very narrow lateral portions. In conformity with this struc-

ture there is a capacious ventral mantle cavity containing all the organs collectively forming the

pallial complex, and a small dorsal mantle cavity; the two are connected by shallow lateral cavities.

The pallial complex consists of the following parts: The anus; two pairs of gills; two pairs

of nephridial pores; one pair of pericardial pores; two interbranchial and two preanal papilhe,

which may be osphradia, coi'responding metamerically to the gills; one pair of reproductive

apertures; in the female, the nidamental gland.

All these parts of the pallial complex, except the reproductive apertures, are .situated upon

the inner side of the mantle. The latter are situated upon the body -wall. The renal sacs -also

might be considered as forming parts of the pallial complex, for they are situated within the

base of the mantle.

This arrangement of the parts of the pallial complex of Nautilus is very interesting when

t^ompared with the Dibranchiata, in which all the organs mentioned are located upon the body

wall. The arrangement of the organs of the pallial complex of Nautilus is the same as in many
Gastropoda.

FUNNEL.

The funnel is an organ of great size, not to be overlooked in the most casual glance at the

aninval. While showing a general similarity to the fuimel of the Dibranchiata, it also presents

differences of the utmost interest to the student of comi)arative anatomy. Lying closely pressed

against the ventral side of the head and nuchal regions, it has a length of alioutS centimeters and

a breadth of -t centinu^ters. (Figs. 3. 4, and 6.) The width of the fuimel varies greatly in pre-

served specimens, depending largely upon the state of contraction of the organ. It forms an

extremely solid mass of tissue. Its posterior end extends well into the mantle cavity. The
anterior end lies partly in the ventral groove of the cephalic sheath, and its tip extends a very

little beyond the posterior border of the ventral notch of the cephalic .sheath. (Figs. 7, 2-4,

and 25.) The funnel forms a long cylinder, but instead of being closed^ like the funnel of the

Dibranchiata, it is open upon the ventral side, where its edges merely overlap each other. It is

as if the edges of a flat, oblong piece of tissue had been inrolled about the longitudinal axis until

their edges slightly overlapped. A better illustration, and one which expresses the commonly
accepted morphological idea, is to suppose the edges of the foot of a gastropod to be inrolled

toward the ventral side, and al)out the longitudinal axis.

The partly closed funnel of Nautilus presents, therefore, in the adult condition a form which

is found in the embryonic stages only of the Dibranchiata.

.\t the posterior end of the funnel the sides separate and pass upward over the sides of the

nuchal region of the body, just behind the auricles of the hood, forming the crura of the funnel,

to the dorsal edges of the shell nuisdes. (Fig. ti, CR.) The dor.sal ends of the crura are

united by a thin crescentic ridge rumiing around the posterior excavated side of the hood.

(Figs. .5 and 7, CR.

)

Only the posterior portion of the funnel is attached to the body. The anterior tive-eighths

projects completely free fi'om the body, al)le to move in any direction. If we examine the inside

of the funnel, we shall get a logical means of separating the anterior and posterior j)ortions of
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the funnel, which arc really fundamentally diflFerent pai-ts of the organ. In the first place, we
notice the valve of the funnel projecting from the dorsal wall near the tip. (Fig. 6, V.) This is a

thin, tough, tongue-shaped structure precisely like the valve of the funnel of Loligo. The line

of attachment of the valve is exactly transverse to the axis of the funnel and is about 3 centimeters

from the tip of the funnel. The valve itself is 2.25 centimeters in length by 1.5 centimeters in

breadth at the base. In preserved specimens the valve is directed forward and lies closely pressed

against the roof of the funnel. Halfway between the base of the valve and the posterior end of

the funnel are two white lines in the roof of the funnel which approach each other like the sides

of a V. (Fig. 0, C.) The point of the V (which is directed backward) is not complete, as the

posterior and inner ends of the lines remain separated by a distance of about 5 millimeters. The
lines are 3 millimeters in width and 2 centimeters in length. Thej' are caused by the superficial

position of the ventral limbs of the cartilage, which here lie almost immediately beneath the

epithelium of the funnel, allowing the white cartilage to show plainly through the thin overlying

tissues. There is a marked difference in the appearance and structure of the funnel anterior to

these lines and posterior to them. The anterior portion is smooth, and light in coloi-. It is

composed mostly of elastic tissues; small bundles of muscles form a quite definite laj^er upon the

outer side just under the epithelium, while there are only scattered muscles upon the inner side

of this portion. The part of the funnel in front of the arms of the cartilage is that which has

already been referred to as free from the body. It is fI'eely movable, but evidently only slightly

contractile. The attachment of the funnel to the })ody l)egins anteriorly on a line passing through

the middle of the white lines on the internal surface of the funnel.

The part of the funnel back of the processes of the cartilage is composed entirely of muscle,

and is often in a state of extreme contraction in preserved spcc-imens. The darker color of this

part readily distinguishes it from the anterior part. The roof of the posterior part of the funnel

is attached to the bodj' along a median strip 7 nullimeters in width and extending to the back edge

of the roof of the funnel. The crurie, being attached to the nuchal surface l)y their anterior and

inner edges, meet the anterior end of the attachment of the funnel and form the outer sides of

two deep pockets lying between them and the roof of the funnel and the median attachment of

the latter to the ])ody. These lateral pockets are very similar to the pockets, or valves, l>eside

the funnel of Loligo. The attachment of the roof of the fuimel to the body foi'ks posteriorly,

often leaving quite a pocket above the median portion of the roof of the funnel. From the ends

of the fork two ribl)ons of skin, each attached by one edge, run l)ack along the ventral suifaccs

of the shell muscles for a distance of 3<) to 35 millimeters. They may be 2 or 3 millimeters in

height at their anterior ends, but gradually diminish in height until they disappear.

Tke posterior portion of the funnel possesses an internal layer of longitudinal nuiscles extend-

ing from the posterior sides of the limbs of the cartilage to the posterior edge of the funnel.

The external layer of oblique and transverse muscles is continuous with the muscles of the tu'ura,

which seem to l)ranch on the sides of the funnel, part of their muscles passing on to the sides

and ventral part of the funnel and part passing into the roof of the funnel. The roof of the

funnel might almost be described as a shelf extending between the crura. If the funnel is formed

in the same way in Nautilus as in the Dibranchiata whose development has been observed, the

roof of the funnel really consists, in large part, of a portion of the ventral surface of the body

folded in between lateral ridges.

The crura are composed of the same dark nniscle as the posterior part of the funnel. Thej'

form strong nuiscular bands, which, attached to the sides of the niu'hal region b\' their anterior

and inner edges, extend upward and backward close to the stalks of the eyes and immediately

back of and under the auricles of the hood. (Fig. 1, CR.) Their upper ends are attached along

the dorsal edges of the shell muscles and extend back to the posterior limit of the mantle cavitj'

at these points. It will be remembered that the mantle cavity is most shallow above the shell

muscles, being scarcely more than 10 millimeters in depth. The sides of the crura turn outward

and backward. They thin out gradually from the attached borders to the free edges, so that the

latter are thin, sharp, and pliable. Similarly, the overlapping edges of the funnel, with which

the free edges of the crura are continuous, are thin and fit so closely agamst one another that
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the fuunel is, to all intents and purposes, a tightly closed tube. Apparently it makes no differ-

ence which edge is outermost, though in most cases the right side of the funnel overlaps the left.

There is no structural difference between the two sides.

The crescentic ridge running in an almost horizontal line around the concave posterior side

of the hood is so closely related anatomically to the crura as to almost seem to be a continuation

of them. Its similar shape and relation to the surface of the body point to a similarity of func-

tion, at the least. The ends of the crescentic ridge arise upon the dorsal or inner sides of the end,>

of the crura (Figs. .5 and 7); these surfaces correspond to the anterior surfai'cs of the lower parts

of the crura. In this way the crescentic ridge unites the upper ends of the crura.

Aside from the great mass of muscle forming the posterior portion of the funnel and its crura,

which can not be separated into separate muscles, the funnel possesses two distinct and independent

nmscles. These (the Leoatores infundilidl Owen) pass from the central part of the cephalic

cartilage outward and forward in the lateral parts of the roof of the funnel to near its tip. They

are slender round muscles, '2 millimeters in diameter and Zh millimeters in length. They lie in

smooth-walled cavities or tunnels in the tissue of the funnel, so that they are attached only at

the two ends. The anterior ends spread out in the tissues of the roof of the funnel a few milli-

meters in front of the base of its valve. They seem to have no connection with the valve. On

account of their being attached at the ends only, the contraction of these muscles probably affects

only the tip of the funnel, pulling or bending it upward. The tip would be straightened or bent

downward by the intrinsic nuiscles of this part of the funnel. The length of the levatores must

allow a considerable contraction, and consequently they are able to cause a considerable motion of

the tip of the funnel. Their position and course is indicated externally by slight ridges upon the

surface of the funnel where it touches the edges of the ventral groove of the cephalic sheath.

Blood lacunte open into the sheaths of the levatores.

The funnel receives its blood through two arteries which spring from the tentacular arteries

near their origins, and which, according to Willey (1896, p. 178), "pass through the cartilage

into the funnel." (Text-lig. 10, p. 182.)

The infundibular nerves are two in number, each of considerable size. They are the inner-

most nerves springing from each pedal ganglion. (Fig. 11, 8.)

VISCERAL BODY WALL.

The body wall of the posterior end of the body of Nautilus is very thin, soft, and delicate.

In some cases semitransparent, the outlines of several of the viscera can be distinguished through

it. The greater ])art of this portion of the body wall is applied to the last septum of the shell,

and the septa are formed by its epithelium. The thin Ijody wall extends out upon the outer side

of the mantle fold, so that there is no external sign of the posterior limit of the mantle fold.

The thin body wall of the visceral region is composed of fibrous tissue in which are numerous

tine branching l)lood ves.sels and a very noticeable nervous plexus. P^xternally it is covered by

a layer of short columnar epithelial cells. Internally—that is, upon the coelomic side—it is

covered by comparatively large Hat polygonal pavement cells. At the posterior end of the body

(dorsally as the animal is curved) the body wall is produced into a long slender tube, the

siphuncle, which passes through the siphon to the last chamber of the shell, where it probably

ends blindly, like the siphon. The body wall is firmly attached to the shell over the end of each

shell muscle and along three aponeurotic bands extending Ijetween the ends of the attachments

of the shell muscles. (Text fig. 7.) Everywhere over these aponeurotic areas, a thin plate or

ribbon of chitinous mateiial is found between the body wall and the shell. This is secreted

by the epithelial cells of the aponeurotic areas and seems to form a kind of cementing substance

by means of which the body wall is firmly attached to the smooth surface of the shell.

The attachments of the body wall to the shell over the ends of the shell nuiscles form areas

of the same shape as the ends of the muscles. (Fig. 1, S M.) They are roughlv crescentic, or

perhaps better, approach in shape spherical right-angled triangles, the right angles being

directed forward and downward.



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 151

The dorsal aponeurotic band (Figs. 1 and 2, DA) extends between the dorsal ends of these

areas over the dorsal side of the animal. Passing over the excavated dorsal region of the body-

it bends quite sharply backward as the middle line is approached. At the middle line there is a

pointed backward projection of the aponeurotic band. The band is about 3 millimeters in width.

Some of the older septa show a minute cup-like backward projection at the middle of

their inner edge. (Fig. 1.) These depressions in the faces of the septa can be traced, constantly

less developed, to the newest septum. In this it is only a notch in the extreme edge of the

septum, into which the projection of the dorsal aponeurotic band just mentioned fits. From

this it would seem that in young specimens there is a projection of the mantle corresponding to

the depression in the septum, which has been gradually reduced until in the adult it remains only

as a point at the middle of the dorsal aponeurotic band.

The ventral ends of the columellar aponeurotic areas are connected by the anterior ventral

aponeurotic band, which extends over the ventral surface of the body. (Fig. 1, AV.) This is also

DAB

AVAB

Text-pig. 7.—Outlines of the areas of attachment of the shell muscles and aponeurotic bands to the shell spread out flat. The outline of

the septal area has been drawn from a wax model.

AVAB, anterior ventral aponeurotic band. PVAB. posterior ventral aponeurotic band. DAB, dorsal aponeurotic band. SA, septal

area. S, siphon. SM, shell muscle.

about 3 millimeters in width. A third aponeurotic band, the posterior ventral aponeurotic band,

connects the dor.sal ends of the columellar aponeurotic areas, extending also around the ventral

surface of the body. (Fig. 1, PV.) As the body is curved the actual position of the ventral

surface is posterior. The last band is only one-third as wide as the others. It is drawn some-

what too wide in Fig. 1.

The posterior ventral aponeurotic band first passes directly backward from the end of the

columellar aponeurotic area parallel to the dorsal edges of the body. It then makes a smooth

curve downward and somewhat forward over the sides of the body; its median ventral portion is

parallel to the anterior ventral aponeurotic band.

The posterior ventral aponeurotic band and the dorsal aponeurotic band have a peculiar

relation to the septal region of the body wall, since this is bounded by these two bands. In

most shells the aponeurotic bands and areas leave slight scars upon the inside of the shell, and
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by these one can ob.sorve that tlie two l)aiids just luciitioned always lie exactly at the edije of the

septum."

This portion of tiie l)ody wall is inai-ki>d off from the rest by its arterial vessels also. (Text-

tig. 11, p. 186.) The septal artery runs backward from the heart, and entering the body wall

below and a little to the left of the base of the siphuncle divides into two branches which are dis-

trilnited (>xclusi\ely to the septal region of the body wall and to the siphuncle. Th(> sipluuicular

artery is a branch of sometim(>s the left, sometimes the right, septal artery. A \ariablc number
of smaller l)ranches of the septal arteries may also pass into the walls of the siphuiu-le. The
branches of the posterior columellar arteri(>s to the dorsal body wall seem also to enter the

septal area, but I can not be sure of their distribution without injected specimens. Willey
states that '"the septum-producing area of the mantle" is distinguished in fresh specimens

"from the surrounding portions of the mantle by its greater thickness and opacity." Such a

distinction can not be observed in alcoholic specimens.

MOVEMENTS OF SWIMMING AND RESPIRATION.

Nautilus swuus in a manner vtny nuich like that of the Dibranchiata, backward (or with the

posterior end of the body pointed in the direction of motion), propelling itself by means of jets

of water squirted through the funnel. On account of the presence and the position of the air

chambers of the sliell the involution of the latter is always dorsal. Willey has already clearly

stated that on this account it would be impossible for the animal to turn over in tb(> water.

In the figure (a photograph) which Willey gives of a living Nautilus in the swimming
position the anterior end of the body is raised .so that the eyes are al)ove the edges of the shell,

and the back of the hood nearly covers the dark portion of the involution. of the shell, apparently

projecting higher upon this than the dorsal portion of the mantle.

When we are told that the manner of progression of Nautilus is like that of the Di))ranchiata

we involuntarily imagine that the water is expelled from the mantle cavity by the contraction of

the mantle.

Possibly this is the case, but the scantiness of the nuisculature of the mantle seems to afford

good ground for doubt. It has been pointed out in some cases that a chitinization of portions of

the mantle tak(>s place, which would surely interfere with its contraction.

Apparently also the mantle is attached to the edge of the shell. If this is true it is impossible

that the mantle by its contraction should drive the water from the mantle cavity.

How, then, can the expulsion of water take placed There are two conceivat)le ways, one of

which has been observed.

We have noticed that the crura of the funnel extend upward along the sides of the body

from the posterior end of the funnel. They are attached to the body by one edge; in expanded

specimens the crura are seen to gradually thin out from the attached edge to a very thin, pli-

able free edge.

If the crura should be set so that their surfaces form a large angle with the body, the outer

free edges would be in contact with the inner surface of the mantle, and thus the mantle cavity

would be completely closed except for the passage through the funnel. The dorsal ends of the

crura tuiMi along the upper sides of the shell muscles toward the posterior limit of the, here very

narrow, mantle cavity. These ends would serve to close the communication between the dor.sal

and ventral portions of the mantle cavity.

' In Part VIII, Vol. IX, of the Proceedings of the CanibriJge Philosophical Society, p. 398, Willey claims that a

previous account of these aponeurotii- hands published by me does not give him proper credit for the description of

the "septal contour." I read Willey's previous paper carefully liefore writing my first description,_and have read it

several times since. He does not in any way describe the manner of limitation of the septal area. It seems, therefore,

that my description completes his without in any way intrenching upon his priority, a thing I have not the least

desire to do. It may be well to state that in gathering the accounts of many authors into one and incorporating them
with my own work to form as c(jmplete an account of the anatomj' of nautilus as possible, I have purposely refrained

in most ca.ses from referring in tlie text to the original descriptions of the various parts. Those who are familiar with

Cephalopod literature will give credit where credit is due. References in the text are, for the purposes of tlus work.

needless.
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If the crura should now Ix^ swopt inward like fans, touching the inner surface of the mantle

as long as is possi))lc. the volume of th(> mantle cavity would be slightly reducetl and some of its

contained water would he expelled. If this fan-like motion were repeated continuously, a cur-

rent of water sufficient for the purposes of respiration would be kept flowing into and out of the

mantle cavity.

That such a motion of the crura does actually take place is proven by a passage which I

shall quote from Willey.
"There is a slight error in Mosei.ey's account of the movements of the Nautilus, which may

as well be corrected. He says, "On cither side of the base of the membranous operculum-like

headfold the fold of the mantle closing the gill cavity was to be seen rising and fall-

ing, with a regular pulsating motion, as the animal in breathing took in the water, to be expelled

by the siphon." It is not a fold of the mantle which is thus seen to pulsate, but the po.sterior free

membrane-like expansion of the funnel on either side."

The current of water caused by the movement of the crura scarcely seems capable of propel-

ling the Niiutilus during vigorous swimming. In view of the fact that Willey and Mosely, who
have seen the living Nautilus swim, say nothing of the manner in which this movement is effected,

it would be pi'esumptuous for one like myself, who has only seen the preserved animals in a labo-

ratory far distant from their native haiuits, to form theories as to the swimming movements. I

should like to point out, however, that the water in the mantle cavity could be forced out by the

withdrawal of the head end of the animal into its shell, caused bj' the contraction of the shell

muscles.

If at the same time the crura of the fuimel be set so as to close the lateral portions of the

mantle cavity, the expelled water must pass through the funnel and might propel the animal.

The thinness of the mantle and its relation lO the shell suggests, at least, that its contraction is

not a factor in the propulsion of the animal.

MosELEY says that in swimming the various sets of tentacles are extended I'adially from the

head. Willey corroborates this account.

In regard to the Nautilus's power of moving up or down in the water, Willey says: "I have

never found any necessity for framing an elaborate theory as to the rising and sinking of the

shell. A remarkably small weight is sufficient to sink such an empty shell, and when the living

animal retracts itself and ceases all muscular action, thereby converting itself, as it were, into a

dead weight, it is heavy enough to sink several shells in addition to its own."

The air chamber.^ of the shell seem to support the shell itself, relieving the animal of the

hindrance which the weight of the shell would otherwise be. That the living Nautilus would
float or sink according as it moved or remained rjuiet was suggested as the result of careful com-

putations by Meigen thirty 3'ears ago.

ALIMENTARY SYSTEM.

It may be well to give a short general description of the alimentary system liefore passing

to a detailed description of its various parts.

The buccal mass forms a large, bluntly conical mass, situated within the various groups of

tentacles. (Fig. 7, B.) It is armed with an enormous pair of jaws, which are looked upon still

more respectfully when one dissects their strong musculature. The upper jaw tits snugly within

the projecting lower jaw, while the tips of both jaws are beaked and are reinforced by a consid-

erable deposition of extremel}' hard calcareous material. Upon the floor of the buccal cavity

is the large tongue, bearing a long-toothed radula. (Fig. 32, Tn.) Two fleshy folds arise from
the floor of the buccal cavity in front of the tongue. (Fig. 3^, AP, PP.) The salivary glands are

contained in two larger folds which are situated upon either side of the tongue. (Fig. 32, SP, SO.)

The oesophageal opening is immediately behind the tongue. The oesophagus is long and

extremely distensible; when full it forms a large pear-shaped crop, with thin, smooth walls;

empty and contracted it is a narrow, folded tube. (Figs. 7 and 27, Oe.) The oesophagus passes

straight back through the body, finally entering a small chamber which acts as a common vesti-

bule to the stomach and the intestine. (Fig. 32, V.) The muscular stomach (Fig. 27, St) lies
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posterior to the vestibule, while the intestine passes from its right side. (Fig. 27, 1', 1\ V.) Coni-

nuiiiicatiiig with the intestine near its beginning is the o:eciini (Fig. 27. Coe), into which the duct

of the liver opens. The large lobes of the liver lie under and partially surround the alimentary

canal. (Fig. 27, L, L'.) The intestine passes around the posterior and right sides of the caecum,

then tui-ns downward and liackward beneath the ca?cuni and the stomach. It turns forward

again and passes above the heart to the anus. The branches of this loop run paralloly, clo.se

beside each other, and are connected by a mesentery. The terminal portion of the gut is slightly

constricted and is more muscular than the preceding parts, and has lieen termed the rectum.

Since the jaws serve as points of attachment for the ileshy portions of the l)uccal mass, it is

necessary to describe their form before describing the soft parts.

The jaws of Nautilus are like those of other Cephalopoda, in being large and hooked (much

like the lieak of a parrot), in the upper fitting inside the lower jaw, in being formed for the most

part of chitin, and in each jaw dividing into two flanges a little distance back of the cutting edge.

(Figs. 30 and 31.) Unlike other cephalopod jaws, those of the Nautilus are coated with a hard

calcareous deposit for some distance back from the Ijiting edges. Nor are they so sharply pointed

as the jaws of other cephalopods. The calcareous deposit thickens toward the edge of the

jaw, so that this, instead of l)eiiig sharp, is broad and flat except for a few irregularities of the

surface. The heaviest deposit is usually upon the upper jaw, the entire point of which is calca-

reous. Aside from this deposit the jaws are of hard, black chitin, extremely strong and light.

In Figs. 30 and 31 the two jaws are shown; the lower jaw has lieen split through the middle to

show its inner flange.

The lower jaw is 30 millimeters in length by 28 millimeters in width; the upper jaw is 32

millimeters in length by 17 millimeters in width. The flanges of both jaws are unequal in size,

the inner flange of the lower and the outer flange of the upper jaw Ijeing much smaller than the

other flange of each jaw. It is as though the edge of the lower jaw had been turned inward

while the edge of the upper jaw had l)een turned outward upon itself. The larger flanges of each

jaw extend nearly to the Isack of the buccal mass, that of the lower jaw upon the outside, while

that of the upper jaw is deeply buried under muscles and forms the roof and sides of the

mouth. The siualler flanges of the jaws are broadest anteriorly, gradually narrowing as they

pass to the sides.

The chitinous portion of the lower jaw is pointed in front, the contour of the jaw being

unchanged after the calcareous matter has been removed. The chitinous part of the upper jaw,

on the other hand, is blunt or even notched anteriorly, the sharp point of the jaw being entirely

formed by the calcareous deposit.

The ])ucciil mass projects from the body in the midst of the tentacles. The enormous jaws

with their muscles form the bulk of the organ; within is a comparatively small cavity well tilled

by the tongue and several projecting fleshy folds. Back of the cutting edges each jaw divides

into two thin flanges, an inner and an outer, to which the jaw muscles are attached. The external

flanges lie upon the surface of the buccal mass and may be seen by merely turning back the

buccal membrane. The internal flanges lie deep and are not seen until the buccal mass is nearly

dissected.

The skin of the liead is carried foi'ward upon the buccal mass, forming a mantle or collar

around the jaws, the buccal membrane. (Fig. 28, BM.) Upon and just within the edge of the

buccal memlirane are a large numy)er of more or less slender papilhe. Those upon the edge are

frequently quite like small tentacles. The buccal membrane is attached to the buccal mass along

the posterior edges of the external flanges of the upper and lower jaws. It is readily seen, there-

fore, that the anterior poi-tion of the membrane is in reality a doui)le fold. Except near the edge
of tlie fold the outer and inner portions are actually separated ))y a space which is part of the

haemoccel. Near the edge the two parts are tightly bound together by muscle fibres and i-on-

nective tissue. The inner part of the fold— i. e.,that part which is attached to the jaws and
iunnediately surrounds them— is extremely thin and delicate except along the anterior edge.

Between the jaws and the buccal uieiul)rane is a space which, at the sides, where the external
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flanges of the lower jaws extend far back, form.s two deep pockets. The buccal membrane fits

closely around the jaws and reduces the space between itself and them to a minimum.

The inner fold of the buccal membrane is somewhat thickened dorsally, and here it bears, a

few millimeters back of the papilla?, two parallel transverse folds extending across the middle

line. The folds are very thin, about 18 millimeters in length by 2 millimeters to 3 millimeters

in height, and are close together.

When we slit open the cephalic sheath and buccal membrane dorsally we expose the base of

the buccal mass, the oesophagus, and cephalic commissure crossing the oesophagus. (Figs. 7 and 28.)

The ha?mocoelic space existing between the buccal membrane and the base of the buccal mass has

been mentioned. This is in comnmnication with a labyrinth of similar spaces extending between

the muscles and membranes of the buccal mass and cephalic sheath. These are further in com-

munication with the main part of the hasmocoel which surrounds the oesophagus and liver. Many
of the meml)ranes and small muscles found around the base of the buccal mass are very inconstant

in their occurrence and extent.

Strong muscles attach the buccal mass to the cephalic cartilage and body wall and govern its

motions as a whole. Six muscles, arranged in pairs, seem to be retractors of the buccal mass.

Four of these are dorsal and two are ventral. It seems convenient to distinguish the two pairs

of dorsal muscles as the dorsal retractors and the dorso-lateral retractors. The dorsal retractors

arise near the center of the cartilage and run inward and forward upon the buccal mass to their

insertions dorsally between the flanges of the upper jaw. (Fig. 28, DR.) The dorso-lateral

retractors have their origins immediately beneath those of the dorsal retractors (in contact with

them, in fact). They run under the dorsal retractors to the buccal mass, where they spread out

fanwise over the sides of the buccal mass and are inserted at the edge of the external flange of

the lower jaw. (Fig. 28, DLR.) The development of the dorso-lateral retractors seems to be

more or less variable; when best developed they are fully as distinct and as strong muscles as the

dorsal retractors. The cerebral ganglia lie just back of the buccal mass and directly under these

muscles (Fig. 28, CG); from them a number of fine nerves pass upward between the retractors

to the dorsal parts of the buccal mass and the edge of the buccal membrane. (Fig. 28, N.)

The ventral Iniccal retractors have their origins upon the body of the cartilage and run

forward and outward upon the under surface of the buccal mass to be inserted along the lower

edge of the external flange of the lower jaw. These muscles are sometimes divided into more or

less distinct parts. The retractors of Van der Hoeven\s organ, which are partly attached to

the base of the buccal mass, may pass above the ventral retractors or between the muscle bundles

in case the mu.scles divide. (Fig. 29.)

A narrow band of muscle fibres extends along the median line of the inner surface of the

outer fold of the buccal membrane into the body wall, the median muscle of the buccal membrane.

From either side of the median muscle a broad bandlike muscle passes outward and downward to

the ventral side of the buccal mass, where its fibres mingle with those of the ventral retractors

and are attached to the edge of the lower jaw. (Figs. 28 and 33, LM.) These nmscles are

evidently levators of the buccal mass, as they hold it suspended in a sort of sling. It will be

noticed that the six retractors and the two levators spread out consideraljly over the surface of

the l)uccal mass and that their fibres commingle to a certain extent. The nmscles are connected

by a muscular membrane and thus, by the union of the distal portions of the muscles and this

memln-ane, a complete covering is formed to the posterior part of the buccal mass, extending

from the edges of the jaws to the circum-a?sophageal nerve ring and firmly united to the tough

covering of the nerve ring. (Figs. 28, 33, and 34, MM.) A second, more ventral membrane is

stretched between the ventral retractors near their origins, thus forming an apparently closed

chamber. (Fig. 33, OM.) Another membrane may extend between the levator nmscles and the

outer fold of the buccal membrane. Ventrally this membrane may be continued by the edges of

Van der Hoeven's organ, as in Fig. 29, though it is rarely anything like as complete as it was

in this specimen.

Upon laj'ing open the muscular membrane, which has been described as covering the liuccal

mass back of the jaws, a very intricate system of intrinsic buccal muscles is exposed. Observing
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the dorsal aspect of the buccal iiiiiss (Fig. 34) we see posteriorly a dark semicircle, the posterior

edge of the inner flange of the upper jaw covered l)v only a thin membrane. From the entire

outer surface of the inner flange of tiie upper jaw musi-le l)undles extend to the inner surface of

the outer flange and out between the flanges "of the lower jaw. the mandibular muscle. This

powerful muscle, which occupies the entire space between these flanges of the two jaws, forms

the closing muscle of the jaws. When we see this we are no longer surprised at the Nautilus's

ability to nip ofl' the leg of a chicken as if with a pair of shears. A groove along the mid-dorsiil

line indicates the line of nearly complete separation of the muscle bundles of the right and left

sides. The separation is not complete, for many Vmndles cross from each side to the other. An
artery runs immediately above this groove, but outside the muscular membrane, the branches of

which are distributed to the mandibular muscles.

Upon the ventral side of the buci'al mass a much more complicated arrangement holds.

(Fig. 33.) Centrally the radidar sac may be seen extending more than half the length of the

buccal mass. At the sides are muscles which control some of the mouth parts, and portions of

the buccal nervous system. I find, by comparing my notes and figures, that these muscles are

slightly variable, therefore I shall describe only such as seem to be fairly constant.

By reference to Fig. 33 it will be seen that several muscles on each side have their origins

in the muscular membrane already described as covering the posterior part of the buccal mass.

Two pairs of these muscles (1 and 2) pass into the cavity of the anterior of the two folds in front

of the tongue (the anterior prelingual process) and are attached to its walls, evidently being

retractors of the organ. The median pair ("2) unite as they enter the fold, Init after their union

give ofl' several small branches.

A third pair of muscles (i) arise near the side of the buccal mass and run upward and inward

to within the fold immediately in front of the tongue (the posterior prelingual process), but

mostly to the fold which bears the anterior free part of the radula. A peculiar muscle (figured

in Fig. 33, 3) arises with a double head from the muscular membrane closing the front of the

space between the ventral l)uccal retractors and runs forward, at first above and then beneath

the radular sac, to be attached to the fold in front of the tongue. Two pairs of slender muscles

(5 and G) ari.se from the posterior part of the muscular meml)rane. The longer pair (.5) extend

forward undei' the muscles already described to the surface of the tongue bearing the free part of

the radula. The shorter pair of nuiscles extend only to the membrane covering the slight

downward projection of the upper jaw.

With muscles 1 and -2 ai'ises a third quite strong muscle (7), which passes upward and directly

inward to be attached to the dorsal surface of the radular sac. Fi'om its position I should tliink

that this muscle may function either as protractor oi' retractor of the radular sac, always tending

to pull it back to its resting position.

From each ventral posterioi' corner of the inner flange of the upper jaw a strong muscle (8)

runs forward and outward to be attached to the ventral edge of the outer flange of the lower

jaw. The contraction of these nuiscles proliably acts to open the jaws. The central part of the

buccal nervous system lies btMieath these muscles; the pharyngeal commissure, however, runs

above them, between them and the lateral pa'"ts of the mandibulai' muscles.

Immediately above the posterior portion of the radular sac is a muscular membrane, cont^iining

both transverse and longitudinal fibres, which forms the ventral wall of the space containing the

lingual and radular muscles. Quite a number of small nuiscles extend between this membrane
and the dorsal wall of the radular sac, while the membrane itself is attached anteriorly to the

radular sac. From the dorsal side of the membrane and the posterior side of the anterior

upwardly directed portion of the radular sac a median septum extends to the dorsal integument

of the tongue. (Fig. 35. S.) This septum, thin ventrally. becomes thicker and muscular dor-

sally, and is split into two parts, which are attached to the bottoms of the V-shaped folds extend-

ing back from the opening of the radula. (Fig. 35, X.)

Upon each side of the septum are three muscles which form the mass of the tongue, and

are chief in controlling the movements of the tongue and radula. Next to the septum is a

broad, flat muscle (the internal lingual, IL). which runs parallel to the septum, to be inserted
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into the base of the depression running- back from the radular opening. Outside of this is

another flat muscle, the radular (R), having its origin just in front o the .ntermvl Ungual. It

runs forward and inward, and, uniting with its fellow on the opposite side, is attached to the

anterior side of the ascending portion of the radidar sac. Above the two muscles ]ust described

t a very much larger mu.^-i; which forms the bulk of the tongue. T., this have given

the name external Ihigual (EL). Its origin lies above the origins of the other two muscles

From this it runs forward and upward and inward, partly to join its fellow of the opposite side

in forraino- a sling which covers the whole of the ascending portion of the radular sac anteriorly

,

"nd partlv to be inserted dorsally along the ridge of the tongue. The sling formed by the exter-

nal inouals in front of the radular sac is not attached to the latter in any way. These three

muscle: do not have their origins upon any hard part, such as the jaws, but in a sort of tendinous

mass (T) which is tirmlv attached to the floor of the mouth and the muscular membrane desciibed

a ishort time ago. From this tendon a short, strong muscle, the ""g^^^l
P^-"^^J^*«„;\^^f^^

forward and outward under the edge of the opening muscle of the ]aws (F g. 3-1 8) to the pi o-

iecting point of the inner flange of the upper jaw. It would seem as it he only eftect of the

contract on of this muscle must be to pull the origin of the Ungual muscles forward possibly

permitting a greater extension of the tongue; the combined effect of the contraction of the inter-

nl u d e^tenial lingual and the radular muscles would be to pull the tongue and the radula up

ndback; a simultan^eous contraction of the lingual protractor would possibly keep the radu a

ightly p essed against the object it was rasping. The sling formed by the external Ungual is

ft attached to th'e radular sac in any place. The integument whidi si^^ports ^^^^rU^
of the radula is stronglv supplied with muscle fibres running outward and downward to the sides

of the jaw; the disti^.f muscles going to the.se parts have been mentioned. While these mu.scle

; e comparatively weak, they probably are protractors oi the tongue^ I^cn- t^-^^^^i^
the radula indicates that its rasping or pulling effect is produced only when the tongue is thiust

upward and backward, and only in this motion would great resistance be encountere^. Conse-

cuentlv the muscles which pull the tongue back are large and strong. As no great resistance

would be encountered in pulling the tongue forward, the small
--t^^"-^^\*V ilSl

ment seem to be sufficient. The integument of the tongue is supplied with a weak longitudinal

'"''' stdTmuscles extend into the salivary lobes from near the origins of the lingual muscles.

The walls of the mouth cavitv are formed by the inner flange of the upper jaw, except

ventrallv. From the floor of the mouth the tongue, bearing the radula and
J,"'"

^^^
^f/^^^;^^;^^

project 'into the cavity. In front of the tongue are two processes (Fig. 32, PP and AP), one

b hind the other, whii are really upfoldings of the floor of the mouth The an e-r proc..s

is 8 millimeters in height and 12 millimeters in width, covered with papilla- upon both
.^
^es, the

papilhe upon the anterior side being much smalle. than tho.se upoii the Vo>^^ov^^ The

posterior of the two processes is slightly higher and considerably wider ^^-1 the x.^. - I^

base is carried up a short distance on each side of the tongue. This process beais papiU* onij

.on h'edge and the posterior side; the anterior surface is covered with hue t-nsvei.e ridges

The tonjue is a large organ which occupies most of the space within the m^uth (Fig. 32. Tn)

It is about ^22 millimftersln length, 10 millimeters in width, and l\""j ^^ [^^ ^ ^^"^i^^;

Anteriorly the tongue rises abruptly and with somewhat of an overhang to its full height.
1^
oi

nearly ha f its length it maintains this height, then slopes gradua ly to the floor of the mouth

innJliatelv in front of the cBsophageal opening. The shape of the tongue may vary, e g it

mav slope downward and forward to the opening of radular .sac and then sloping down and back^

The sides of the tongue are nearly vertical and are entirely free from papillae. The dor^a .su face

of the tongue, on the other hand, is thickly covered with large papi he. Just in front of the

cesophacreal opening are a number of peculiarly long and slender papillae.

Th^ anterior surface of the tongue is covered by the radula. (Fig. 32, R )
The radula passes

up over the tip of the tongue and then almost immediately bends^downward again and is lost to

vLin the radular sac. The radular .sac pa,sses downward and a Uttle ^-kward unde th

ntec^ument of the point of the tongue till it reaches the under side of the tongue, where it abruptly
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bends backwardand so passes beneath the tongue to near the (jesophagus. (Fig. 3.3, RS). Grooves
run inward from each side of the tongue to the opening of the radular sac, giving it a V shape.

The radular sac (Fig. 33) is about 2.5 millimeters in length and has an average width of 8

millimeters. Its ventral and lateral walls are thin and transparent and allow the l)rown color of

the radula to show through. The extreme posterior portion of the sac, however, is colorless,

since the teeth are formed here and have not yet taken on their color. This part of the sac also

is somewhat wider than the rest, for the radula, at first spread out flat, l)ecomes more and more
iiirolled at the edges as it grows forward. From each postei'ior corner of the radular sac a

ligament of elastic fibres runs back to the muscular membrane near the (esophagus, evidently

tending to hold the radular sac in place (RL). The dorsal wall of the radular sac is quite thick,

and tits closely upon the teeth. In the anterior portion, where the radula is inroUed, the dorsal

wall of the sac projects to occupy the groove. As the radula passes out of its sac a plain

chitinous liorder, 3 to 4 millimeters wide, is added upon each side. (Text tig. 8.) This l)order

appears to be formed at the bottoms of the grooves running back from the opening of the

radular sac.

Let us now examine the separate teeth of the radula. The teeth are arranged in rows

running across the chitinous, ribbon-like base of the radula; thei'e are in all about lifty of these

I'ows. In each row are thirteen teeth symmetrically arranged with

regard to the central tooth. Each of the six lateral teeth is exactly like

the corresponding tooth of the opposite side in shape and position. It

scarcely seems necessary to give a detailed description of each tooth

after the careful descriptions and figures of Vayssiere and with the figures

accompanying this paper. I should not have drawn new figures of the

teeth if Vayssiere had not used the shape of the lingual teeth as a charac-

ter to distinguish between the two species of Nautilus, JV\ jwmp/lkis

and jV. macrcnnphalus. But when I found as great difl:'erences in shape

between his figures of the teeth of .Y. jMiiijiiUm and my specimens of

the teeth of the same species as he shows between the teeth of the two
species it seemed to me to be wise to make new figures for the sake of

comparison. All the teeth are very firmly attai'hed to the chitinous

ribbon by large bases. The bases of the central seven teeth are approxi-

mately scjuare, while the bases of the other teeth are much longer than

wide. The projecting tip of the central tooth is directed straight back-

ward; the other teeth while projecting l)ackward are also directed more
or less inward toward the central tooth. Let us immber the teeth from
the central tooth outward, distinguishing them as first lateral, second

lateral, and so on.

Iiumediately outside the central tooth (Fig. 42) is a tooth very much
like the central one but smaller and having a shorter and a much less slen-

The second lateral tooth has a broader base and a much shorter, ])lunter

point, which is directed toward the central tooth. (Fig. 44.) The third lateral tooth (Fig. 45) is

long and slender and curved. Attached by a base which makes an obtuse angle with the body of

the tooth, it projects backward and inward so as to cover the first and second lateral teeth of

more posterior rows. The outer (anterior) face of the tooth is gouged so as to form a sharp
edge running nearly parallel to the inner outline of the tooth. The fourth lateral tooth (Fig. 46)
is rod-like and attached to the ribbon along its entire length. Its dorsal surface is sharply
ridged for nearly the length of the tooth; for part of its length the ridge is produced into a thin,

sharp, transparent blade of chitin which also projects backward. The fifth lateral tooth (Fig. 47)

is very much like the third, but longer, more slender, slightly less curved, and often more
sharply pointed. It is similarly gouged out ujaon the outer surface, but the sharp edge is not so

close to the inner edge of the tooth as on the third lateral tooth. This tooth overlaps the fourth

lateral tooth and the base of the third lateral tooth in more posterior rows. The outermost
tooth of all is also rod-like, attached to the ribbon along its entire length, and bears a slight

Text-fig. 8.—Outline of the nui-

uhir ribbon. The dotteti lines

iiidieate the position of the

outer rows of teeth.

der point. (Fig. 43.)
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backwai-dly pointing projection upon its inner end. (Fig. iS.) The bases of the teeth form

variou^i angles with the axis of the radula. The outer tooth maizes an angle of about 45 degrees

with this axis, while the bases of the third and tifth lateral teeth make angles of 30 degrees with

it. The bases of the other teeth are transverse to the axis of the radula.

The formation of the radula takes place in the extreme posterior part of the ra(Uila sac.

The first 8 or 10 rows of teeth are colorless and soft; from here on the teeth gradually turn to

dark brown, become hard, and assume their full size.

From the floor of the mouth a broad, flat process, 12 millimeters in length and 10 millimeters

in height, arises at each side of the posterior part of the tongue. The inner sides of these proc-

esses bear papilla? to a varying extent in different individuals. They may be entirely covered

except for a small space in the center, or only the upper half may be covered. A small, slightly

elevated area in the center of the inner side of the process is always free from papilla, and here

is a minute pore, the opening of the salivary gland. The salivary glands are ovoid bodies,

indistinctly divided into lobules, 5 millimeters by 4 millimeters by 'i^ millimeters, situated within

these processes, with their longest axes directed downward and backward. The duct is near the

anterior end of the gland; the duct, however, is so short that it scarcely deserves the name, for

the glands lie close against the integument of the processes. (Fig. 70.)

The jaws of the Nautilus are admirably adapted for crushing and biting hard objects. The

calcareous layer which covers the inner and outer surfaces of the chitinous parts of both jaws

forms a thick, square edge which is practicably unbreakable; slight projecting roughnesses of

the edges prevent their slipping upon large and smooth objects. After the jaws have become

thoroughly dry the calcareous substance is very brittle and readily peels off the chitinous base,

so that in a few days, even without handling, the calcareous matter may have fallen away com-

pletely. But while the calcareous matter of the jaws contains any moisture it is extremely tough

and hard to remove. This it must always be when the Nautilus is under natural conditions, so

there is no doubt but that the calcareous material of the jaws means added strength in no small

degree.

Without the addition of the calcareous matter the chitinous parts of the jaws would })e unable

to handle the food they do now. In other words, the addition of calcareous material to the jaws

is a modification of the typo of strui^ture observal)le in the jaws of other cephalopoda which

enables the Nautilus to subsist upon animals possessing shells heavy enough to protect them from

most other predatory animals.

The upper jaw fits snugly inside the lower, so that its outer edge just passes the inner edge

of the lower jaw in closing. Consequently when the animal is biting any substance the action of

the jaws is not that of a pair of nippers, in which the two jaws meet each other, pinching the

substance- in two between them, but instead like that of a steel shear, where two heavy blades

having broad flat faces and sharp squai-e corners move past each other. By this construction

and motion the maximum I'utting power is attained with the least exertion and the least risk of

breaking the edges of the jaws.

The traps in which the Nautili were caught were baited with chicken, so I often have

found the crop filled with large pieces of chicken flesh. Feathers and flesh and bones, even

the leg bones, are cut as cleanly as with a pair of shears; everything attests the power of the

jaws and their muscles. Apparently also the Nautilus does not pluck its chickens. The

remains of some crustacean found in the stomach and intestine are evidence of the ability of

the Nautilus to handle any food of this nature. It also seems scarcely doubtful that the

Nautilus could eat many of the thinner shelled mollusca, although there is no evidence of

such a diet.

For an animal provided with such powerful jaws a radula seems much like a superfluity.

Certainly it can not, as in many of the gastropoda, be the chief organ for seizing and tearing

food. The slender and almost delicate form of many of the radular teeth precludes the idea

that the radula may be used to rasp away objects which are too hard to be broken by the jaws.

It seems possible that the radula may be used to scrape the flesh out of shells, crustacean or

molluscan, which have been broken by the jaws. But the contents of the digestive tract
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indicate that the Nautilus does not trouble itself in this way. hut swallows shells and all. leaving

the separation of food from refuse to the operations of digestion. Nevertheless, if the radula is

excluded from any part in gathering food, it may be of extreme importance in the swallowing of

the food. The sides and roof of the mouth are formed by the inner flange of the upper jaw, and

consequently the activity of the organs of the floor of the mouth alone nuist carry the food to

the opening of the oesophagus. The radula may seize fleshy food and hold it while it is being-

bitten; it would also prevent partly bitten food from escaping while the jaws take a new hold.

After the food had been bitten ofl' the radula would certainly pull it back upon the surface of

the tongue, which, with possibly some aid from the salivary processes, would press the food

back into the opening of the (esophagus.

It is probable that when the radula is in use and consequently under tension the long,

lateral teeth are erected so that they no longer cover more central teeth, and are in better

position for holding any .substance tirmly.

The function of the processes in front of and at the sides of the tongue is also problematical,

if we do not use a still stronger term. It is reasonable to suppose that at least one of their func-

tions is to aid in the swallowing of the food. While we do not suppose that the proces.ses at the

sides of the tongue have been developed for the sake of bearing the salivary glands, these glands

are now much more advantageously situated on account of the high tongue, to aid in the

deglutition of food than they would be were they in the floor of the mouth.

Stein>l\nn\s paper on the formation of calcareous matter t)V t\w mollusca suggests another

possil)le function of the processes in front of the tongue (especially the anterior one) and the

buccal membrane. The decaying secretions of these parts combining with calcium salts of the

sea water may form the calcareous matter which covers the tips of both jaws. This is the only

explanation I have found which seems to he at all adequate to account for the formation of so

much calcareous matter at this point. For there is here no closely applied epidermis, as at the

edge of the shell, which could lie supposed to take an active part in the formation of this material.

The oesophagus leaves the buccal mass at its posterior end and so low down as to hv almost

ventral. It immediately passes through the nerve ring as a small, round tube 5 millimeters in

diameter. The lengthy (esophagus riuis straight Ijack through the hiemoc(el to the stomach.

(Fig. 27.) The portion of the (esophagus between the nerve ring and the stomach is extremely

distensible and forms a crop in which a large amount of food can be stored and gradual!}' passed

to the stomach to undergo trituration. When completely fllled the crop forms a large pear-

shaped .sac with smooth, thin walls. But when it is only partly tilled or is empty the crop shrinks

in size and the walls thicken, becoming folded internally with close, longitudinal folds. In the

specimen tigured (Fig. .3'J) the posterior jiart of the crop contained a little food while the remain-

ing portion was empty, so both conditions of the wall have l)een shown. The folds of the anterior

portion of the oesophagus are more permanent, probably disappearing more or less only when

large pieces of food are being swallowed. The opening in the nei've ring through which the

(esophagus pa.sses is so small that it is dithcult to imagine how some of the large pieces of food

f(jund in the crop could have passed through without exerting a considerable pressure upon the

ganglia. At the posterior end of the crop are several longitudinal folds which end abru])tly

within the opening into the vestibule of the stomach and seem to be more permanent than the

other folds mentioned above. (Fig. 32, X.)

The stomach, into which the (esophagus opens, is an oval, laterally flattened organ 27 milli-

meters by 27 millimeters by 1.5 millimeters in dimensions. At tirst sight it appears to lie in the

genital portion of the ccelom, but in reality it lies in the hsemoccel, closely covered by a back-

wardly projecting pocket of the membrane which separates cirlom from hsemocoel. The pos-

terior end of the stomach is supported by a thin ligament extending between it and the gonad.

(Fig. 27, GL.) The stomach lies in front of, below, and to the left of the gonad. At the center

of (^ach flattened side is an irregularly oval, white, tendinous area about S millimeters long, from

which the nuiscles radiate which surround the stomach by a thick wall except at the anterior and

])().sterior ends. At the former, where the oesophagus enters and the intestine leaves, a thin-walled

ciianibcr is formed, elsewhere spoken of as the vestibule. The nuiscles pass from one tendon to



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 161

the other, fornihig a very thick wall upon the dorsal and ventral sides of the stomach. The

posterior wall of the stomach is thin, like the anterior. Within the inuscuhir la.ver is a white

layer of what seems to be elastic tissue, at least as thick everywhere as the nrascle layer. Under

the thickest part of the muscular layer, i. e., between the tendons of the stomach dorsally and

ventrally, the elastic tissue layer is so thickened as to form thick pads which project into the

cavity of the stomach. {Fig. 32.) Except upon the anterior and posterior walls, the inner surface

of the stomach is thrown into fine, parallel, longitudinal ridges. Inside the walls of the stomach,

covering only the ridged portions, is a thick, chitinous lining, which in life must lie closely upon

the epithelium of the stomach and be formed by it, since it copies accurately all the ridges and

folds of the walls of the stomach. In my preserved specimens the lining has always been

entirely free from the walls, probably as the result of shrinkage. Compared with external chi-

tinous parts this lining is quite soft, but nevertheless it must be a great protection to the fleshy

walls of the stomach while the food, often mixed with hard, sharp pieces of shell, is being

triturated.

From the anterior edge of the rigid pad of the ventral side of the stomach springs a row of

small, slender tentacles. (Fig. 32, T.) I have found fine processes upon the corresponding part

of the chitinous lining, which may possibly lie upon and protect the tentacles. What the func-

tion of these tentacles can be is hard to imagine. Perhaps they are sensory and have something

to do with the passage of the food into or out of the stomach. In view of the character of the

deliris found in the intestine it does not seem probable that they are used to sift out the finely

divided particles of food. Besides extremely small particles of food one finds in the intestine

large pieces of crustacean shells and even entire pleopods. A priori, any sifting apparatus

would therefore seem superfluous. It is unfortunate that the condition of my material prevents

anv histological examination of these organs.

The position of these tentacles clearly marks a line of separation between the anterior portion

of the stomach into which the cesophagus and intestine open and the posterior portion where the

food is ground, and makes the term vestibule seem reasonable in speaking of this portion. (Fig.

32, V.)

The opening into the intestine is upon the right side of the vestibule. I have been unable

to find the valve guarding the entrance to the intestine mentioned by Owen. From the vestibule

the intestine passes to the right around the back of the ccecum and then forward upon the right

side of the latter organ. (Fig. 27. I'.) Then, bending downward and backward around the part

of the liver connecting the right and left lobes, the intestine forms a backwardly directed loop.

(Fig. 27. r and P.) The two legs of the loop lie parallel and close to one another, connected by

a delicate mesentery in which runs an artery giving oft' branches to each part of the intestine.

(Fig. 27, lA.) The second loop of the intestine is directed upward as well as backward, so that

its end lies beneath the siphuncle. A ligament from the right anterior face of the gonad extends

to the left leg of the loop and slings the loop of the intestine in position. (Fig. 27, IL; Fig. 38, 1. 1.)

The left and larger leg of the loop runs straight forward under the stomach, crop, and liver in

the mesentery above the heart and between the anterior renal sacs to the plicated anus upon the

inner side of the mantle. The last part of the intestine is thickened and folded longitudinally

and is called the rectum.

The ccecum is a blind sac opening into the intestine 10 to 12 millimeters from its origin

and lying ^rithin the first loop of the intestine. (Fig. 27, Coe.) In and about the cojcum

is the most complicated part oi the entire digestive tract. The ccecum itself is a thin walled,

oval, laterally flattened organ. 18 millimeters in length and 11 millimeters in width. The duct

of the liver enters the ciecum opposite the intestinal opening; usually the minor duets of the

separate lobes of the liver unite into a common duct before entering the ccecum, but they

may open separately. (Fig. 32, HD.) The intestinal and hepatic openings are both near

the lower side of the crecum. From the dorsal and posterior walls transverse, shelf-like

lamellse extend into the cavity of the ccecum. leaving its lower portion only unobstructed.

The surfaces of the lamella? are folded and pitted, so that their appearance lends suppoit to the

a priori judgment from their position that the lamelUe must be glandular, adding their secretion
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to that of the liver as this flows through the ccecum. The lamellae are about thirteen in luunner.

The ccecum opens into the intestine, not directly, but through a short neck of about the same

diameter as the intestine. The mouth of the ccecum is surrounded by a muscular thickening of

the walls which is evidently a sphincter: ventrally the thickening extends from the opposite sides

toward the intestine as a V-shaped ridge. From the opening of the neck of the ccecum into the

intestine a thin, wide, projecting fold extends about 30 millimeters along the intestine toward the

anus. (Fig. 32, 1 .) The fold is widest at the beginning, where it evidently forms a valve guarding

the ccecum against the entrance of food from the intestine. As it passes along the intestine the

fold crosses over the ventral to the posterior side, at the same time becoming lower and lower

until it can scarcely be seen. The middle part of the fold is of considerable thickness and is

evidently glandular. From the point of the V formed by the sphincter of the ccecum a low

ridge extends into the center of the pocket-like valve guarding the intestinal opening. From,

the point of the V also a second fold (Fig. 32, 2) extends along the right side of the intestine nearly

parallel to the first fold. It is, however, not so prominent as the other. It gradually becomes

lower until it disappears. A number of oblique, apparently glandular, foldings of the ventral

side of the intestine connect the two folds.

In some specimens, perhaps usually, a low, longitudinal ridge occupies the base of the channel

formed by the parallel folds. To this the oblique folds run and meet like the sides of a V, the

apex being directed toward the rectum.

The first or posterior fold does not entirely disappear like the second, but is continued as a

low, scarcely perceptible ridge to the rectum. Close beside this, anteriorly we may term it,

another ridge runs exactly parallel for its entire length. (Fig. 32, 3, 3.) This third fold com-

mences near the end of the anterior fold of the first part of the intestine, but seems to have no

connection whatever with it. The two parallel folds couunence upon the posterior side of the

intestine; as they run back along the second loop of the intestine they pass to the opposite side,

upon which they continue until the rectum is reached, when they become ventral and are lost

among the longitudinal foldings of this part of the intestine. As the)' make the sharp turn at the

buck of the second loop the folds become much thickened; another thickening of the folds is

observable at the beginning of the second loop. Upon the posterior side of the turn of the

.second loop is a thick, foliaceous ridge 20 millimeters in length. (Fig. 32, 4.) This is connected

with the posterior of the two parallel ridges bj' a number of fine, transverse folds running across

the ventral side of the intestine.

The intestine is extremely thin walled and plentifully supplied with blood vessels. In a

number of instances the diagonal ridges of the intestines were inunediately atrove small arteries;

whether there is an intimate connection between ridges and blood vessels in all cases can be

determined only after an histological examination which my material did not permit.

The structure of the ccecum seems to indicate that it may serve as a collecting place for tlie

secretions of the liver with which its own secretions are mixed. When the proper time arrives

the sphincter relaxes and the accunuilated secretions are guided along the channel between the

parallel ridges of the intestine. As has already been described, the posterior and larger of the

two ridges of this part of the intestine serves as a valve to prevent food entering the ccecum;

the disposition of the folds also renders it probable that the mixing of the food with the secretions

of the liver and ccecum does not take place until some distance beyond the point where the

latter enter the intestine. There is no use in making any further conjectures as to the functions

of these ridges which, endostyle-like, extend along the intestine, until we know their histological

structure.

The liver is a large, dark-brown, lobed mass which lies underneath the posterior ]iart of the

crop and the stomach and ccecum, and surrounds parts of the intestine. (Fig. 27, L, L; L'. L'.)

It is generally divided into five parts, two right and two left lobes, and a median portion which

may or may not assume the form of a lobe. The left lobes are very considerably larger than the

right. The main ducts of the right and left lobes unite in pairs, the ducts thus formed uniting

to make a common duct a short distance from the ccecum. The large ducts are covered by

.small lobules, which empty their secretion directly into the ducts. The hepatic artery and its
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branches run along the dorsal sides of the hepatic ducts giving ofip a branch to each lobule. The

duct of the right lobes of the liver passes under the iirst loop of the intestine as this runs

forward around the ccecum. The intestine passes backward under the median part of the liver,

nearly enclosing it in a loop.

Valenciennes has figured an exceedingly interesting abnormality in his specimen. The anus

is shown situated upon the body wall between the shell muscles. This is the only record of any

such misplacement of the anus. Valenciennes's specimen seems to be perfectly normal in every

other particular.

We have no knowledge regarding the innervation of the portions of the alimentary sj'stem

back of the buccal mass. It has so far been impossible to ti'ace any nerves to these organs.

RENAL ORGANS.

It has ah'eady been mentioned several times that the renal organs of Nautilus are situated in

the posterior region of the ventral portion of the mantle. Like the gills, they are four in

number, the renal glands })eing situated upon the branchial arteries.

From the posterior side of each l)ranchial artery, at about one-third the distance from its

origin to the base of the gill, hangs a large bunch of finger-like follicles. (Fig. 36, a. p. g. and

p. p. g.) These hang into the pericardial cavity. On account of their resemblance in many ways

to the pericardial glands of the Dibranchiata the four follicular appendages from the posterior

sides of the branchial arteries are also generally called pericardial glands.

From the anterior side of each branchial artery, immediately opposite the follicular

appendage, hang two appendages subdivided by narrow fissures into small, polygonal lobes,

pressed closely together so that they appear to form a single hemispherical mass of about the

same size as the follicular appendage on the posterior side of the artery. (Fig. 37.) These have

been called the renal appendages. Each pair of renal appendages hangs into a chamber, the renal

sac, which is completely closed off from the coelom, and has but a single opening to the exterior,

situated upon the inner surface of the mantle. (Fig. 36, r. s; Fig. 3, RA, RP.)

The renal sacs aj'e arranged in pairs; an inner (anterior) pair which lie side by side medianly,

possessing a common dividing wall, and an outer (posterior) pair, which lie at either side of and

slightly posterior to the inner pair, nowhere touching each other.

The dorsal or outer walls of the anterior sacs are formed by the integument of the mantle.

The ventral or inner wall is formed by the viscero-pericardial ligament (Fig. 36, p. v. 1.), which is

continued forward to unite with the integument of the mantle. A common, thin, vertical par-

tition separates the two sacs mediaidj'.

The posterior walls are formed by a narrow septum, extending between the viscero-per-

icardial ligament and the inner wall of the mantle. A section of either sac parallel to the

longitudinal axis of tiie body is triangular—the base of the triangle being posterior and formed

by the last-mentioned wall of the sac, while the apex is directed anteriorlj' and is formed by the

union of the edge of the viscero-pericardial ligament to the inner wall of the mantle fold.

The longest diameter of the chambers is transverse to the long axis of the body. Passing

toward the sides the chambers gradually decrease in size; finality, near the outer ends, forming

a canal only, which leads to the external opening.

To the outer sides of the lolnilar appendages the branchial vein, passing through the mantle

to the heart, pushes the walls of the sac inward from the posterior edge. (Text-fig. 9, BVA, Y.)

A short, blind pocket is formed upon the posterior side of the branchial vein. The narrow

portion of the renal sac anterior to the vein forms the canal leading to the exterior. This passes

the anterior side of the vein, then turns backward below the vein and opens outward just pos-

terior to it, through the outer of the two pores lying side by side upon the inner surface of the

mantle. (Fig. 3, RA.)
The anterior branchial arteries pass outwardly from the vena cava in the posterior walls of

the anterior renal sacs. , Each passes below the canal of the sac leading to the exterior, and on

in the mantle to the gill along the ligament-like base of the anterior gills. It thus lies immedi-

ately below the branchial vein.

Vol. 8—No. 5 .5
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The other two reiiiil sacs, the i)osterior .saes. lie at the sides of the Ixxly. widely sei)arate(l

from each other. A little posterior to the inner sacs, they are eon.siderahly outside them, to close

the ventral sides of the sii(>ll muscles.

The dorsal wall of each sac is formed by the inner wall of the mantle fold, and is that

portion of the inner wall of the mantle fold lying between the anterior ri'iial pores and the base

of the posterior gill. The posterior and anterior walls of the sac are formed by septa extending

backward and downward from tlu' inner wall of the mantle. They unite around the lobular

appendages to form a closed sac, from the posterior edge of which a thin ligament extends back-

ward and somewhat inward, attached along one edge to the visceral body wall. (Fig. 3»5, L.) The

outer end of the sac is narrowed to form a canal which, running in the substance of the mantle

vc
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TEXT-FRi y -DIACiRAM OF THK RENAL SACS AND NEIGHBORING OliGANS OF NAUTILUS, AS
VIEWED FROM THE DORSAL SIDE.

R(t, anterior renal appendage.
ROA, antericif ivnal i«iie.

ROP, posterior renal pore.

RSA, anterior renal sac.

RSI', posterior renal sac.

VC, vena cava.

X, outline of pericanlial divitiion of cceloiu.

Y, cul de sac of anterior renal sac.

AU, anricnlar expansion of left anterior branchial vein.

HA.\, anterior liranchial artery.

B.\P, posterior branchial artery.

I?V.\, anterior liranihial vein.

BVP, posterior liranchial vein.

H, heart.

PGA, anterior pericardial appendage.
PGP, posterior pericardial appendage.

PO, pericardial pore.

close to the ventral surface of the shell muscle outside and ventral to the liranchial artery, opens

to the exterior through one of the posterior renal pores. (Fig. 3, RP.) The posterior branchial

arteries run through th(> posterior walls of the outer renal .sacs. (Text-tig. tt, BAP.)

Between the inner and outer renal sacs is left a narrow offset of the pericardial cavity

extending into the mantle fold. 'V\w auricular enlargements of the anterior branchial veins lie

in this spice. Frt)m the outer end of th(> enlarged auricular portion of the vein where it turns

ujiward to pass through the inner wall of the mantle fold, a triangular septum .stretched between

the outer and inner walls of the mantle fold extends outward to the lateral edge of the pericardial

space. By this means a narrow passage is formed lietween the anterior side of the outer renal

sac and the septum. This passage, passing along the outer side of the anterior branchial vein,

opens to the exterior through the pericardial pore. (Fig. 3, PP.)
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Within the lips of each of the pericardial and renal apertures are folds from each side; they

arc especially well developed upon the lips of the renal apertures, and lapping past each other

form valves which arc difficult to push aside with a probe, and which must be effectual in pre-

venting ingress or egress of anj' substance except under the control i>t the animal.

The histology of the pericardial glands and the renal appendages has been investigated to a

limited extent by Vigelius, but oiu- knowledge of the microscopic structure of these organs is

still most elementary.

The branchial arteries lun outward from the vena cava through the posterior walls of the

renal sacs. At about the middle of these the arteries form sinus-like enlargements, in the walls

of which are usually three openings—one on the posterior wall leading into the central blood

space of the pericardial gland, and two in the anterior wall leading into the central cavities of

the lobular renal appendages.

The pm-icardial glands are made up of a large number of finger-like follicles radiating from

the central cavity, which is in communication with the branchial ai'tery. The glands are not

stalked, ))iit are attached to a quite considerable area of the wall of each renal sac around the

fissure leading into the central cavity of the gland. The follicles of the glands are sometimes

slightly constricted at their bases or may be enlarged a little distally. Blood spaces extending

outward in the follicles from the central cavity form a closed finely branching system. The

external or pericardial surface of each follicle is covered by minute pores, leading into tubules

which everywhere penetrate between and separate the branching blood vessels. The blood

vessels possess a very thin endothelial wall, which lies close to the inner side of the columnar

epithelium of the tubules. The structure of the pericardial glands is very similar to that of the

venous appendages of the Dibranchiata.

Grobben' remarks upon the resemblance in essential structure of the pericardial glands of

Nautilus to those of Eledone mosclmta. The glands are much further subdivided in Nautilus

than in Eledone.

The renal appendages have much the same structure as the pericardial glands. They hang

in pairs from the anterior sides of the branchial arteries, pressed closelv against each other so as

at first sight to appear like a single structure, but in reality connected onl_v by the wall of the

Ijranchial artery.

The renal appendages are divided by narrow, not very deep, fissures into large, flattened,

polygonal lobes, and so present an appearance quite different from that of the pericardial glands.

Like the pericardial glands, the renal appendages are sessile upon the branchial arteries.

The openings in the anterior walls of the arteries lead into a sinus-like central blood space

in each renal appendage. From the central blood space the branches to the lobes pass outward,

breaking up into luunerous closed vessels. These are separated In' invaginations of the columnar

surface epithelium, which comes into close contact with the thin endothelial walls of the blood

vessels. The outer ends of the tubules pushed inward from the surfaces of the lobes are radial;

the inner ends run irregularly.

The renal sacs are often completely filled with a gritty substance, like fine sand. Sometimes

it is white, sometimes a faint rose-pink in color. This constitutes the excretory product of tne

renal appendages. It is composed of rounded grains, formed by numerous concentric layers,

reminding one strongly of starch grains l)y their appeaiance. The grains are single or compound,

often being joined so as to form short varicose rods. Rarely irregular masses are formed. When
the deposit in the renal sacs is of a pink color most of the granules have a slight pink tinge. Some

are deep red, while others contain a deep red center and a light peripheral portion. The granules

are frequently found in the tubules of the appendages.

According to Keferstein, the excreted substance found in the renal sacs contains a slight

amount of fat. Tiie greater proportion is, however, made up of inorganic substances. The

principal of these is calcium phosphate. Lesser amounts are found of calcium sulphate, calcium

' llorphologische Studieii uber den Hani, und Geschlechtsapparat sowie die Leibeshohle des Cephalopoden.

Arb. a. d. Zool. Inst. d. Uuiv. Wien. T. V., 1884.
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cnrboimtc, ferrif phosphate, and imigno.sium auimoniuin phosphate. The excietion eontaiiis no

uric aeid.

The amo'int of the excreted products in the renal .sac ma.y he (juite considerable. In one

ca,sc the deposit obtained from tiie four .sacs amounted to 3,;i8 j^rams.

The secretion of the pericardial glands is often quite large in amount, being sufficientto glue

the viscera together and cause considerable trouble to the dissector. Of I'oursc there is a proba-

bility that the glands have been stinuilated to abnormal activity by the handling of the animal.

The coagulated secretion appears nuich like mucus. Kefekstein found no traces of uric acid

in either the pericardial glands or their secretion.

BODY CAVITY.

The body cavity of Nautilus is very extensive, and consists of two distinctly separated

portions—an anterior hsemoccel and a posterior and ventral coelom. The principal portion of

the ha?moc(el forms a space around the (esophagus with its crop-like distensible portion, and the

liver, occupying the entire space lietween these organs and the body wall. (Fig. 7.) The hiemoc(el

is continued anteriorly in the form of many .splits and spaces between the muscles and membranes

around the buccal mass. These cavities and others which conununicate with the main portion of

the h{emoco?l are in free communication with blood sinuses in the various organs.

The hamiocosl is traversed by many line shreds of connective tissue, which pass from one to

another portion of the liody wall or from the walls of the body to the viscera lying witliin the

cavity. All these connections are exceedingly delicate, and are so easily ruptured or dissected

that for all purposes of dissection the organs in the hsemocoel lie freely in the cavity. The vena

cava lies along the ventral wall of the l)ody and through its dorsal wall are luuuerous t)penings,

from twenty to seventy -tiv(\ allowing free passage to the blood from the hiemoccel into the vena

cava. At least, as the blood in the vena cava moves toward the gills and through them to the

heart, it is more justifiable to presume that the blood which enters the hiemoc(fl through numer-

ous sinuses is drawn into the vena cava than that the flow occurs in the opposite direction.

Some of the openings in the walls of the vena cava are large enough to admit the end of a probe

1 millimeter or more in diameter; others are so .small as to be .scarcely visible.

The cadom is situated posteriorly to the hiemoc(jel, and is completely separated from it t)y

a thin membranous wall. (Fig. 7.) This wall, which I have called the htemoccelic membrane,

is attached to the body wall doi'sally along the line of the dorsal aponeurotic liand. (Fig. 7, X.)

At the sides of the body its edges arc fastened to the inner surfaces of the shell muscles, passing

downward and slightly backward. The ventral edge is attached to the ventral body wall along

the line of junction of the body wall and the inner wall of the mantle fold.

The anterior face of the hiemoccelic membrane is rough, and is attached to the organs within

the hiemoc(el by a few strands of connective tissue. The posterior, coelomic face of the mem-

brane is smooth and covered by the ccelomic epithelium.

The attachments of the hamiocuelic membrane to the ))ody walls ai'c considerably in front of

the posterior ends of the organs contained within the hremocoel. Con.sequently it is pushed

l)ackward by the lobes of the liver, forming sack-like coverings for these. (Fig. 7. L, L.) It

covers other organs in a manner to l)e described presently.

There is a considerable mechanical advantage in the dorsal attachment of the membrane, on

account of the membrane forming .siu--like coverings for the backwardly projecting viscera; it

also serves to support these viscera. The support is n-ndered nuich more eflectual by the attach-

ment of the membrane to the body wall along the dor.sal aponeurotic band, where the latter is

itself attached to and supported by the shell, than it could be if the membrane were attached to

the loose wall of the body back of the aponeurotic band.

The coelom also is a cavity of very considerable extent. It occupies the entire posterior

portion of the body, extending forward dorsally above the lobes of the liver and ventraily into

the mantle fold. (Figs. 7 and 36.)



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 167

The coelom is divided by an almost complete membranous partition into two chambers, the

ventral of which contains the heart and its auricles and the pericardial glands, and is therefore

called the pericardial chamber (Fig. 36), while the much larger dorsal and posterior chamber

contains the gonad and stomach and second loop of the intestine, and is called the genital chamber.

(Fig. 7.)

The membrane separating the two divisions of the coelom was named by Huxley the pallio-

visceral ligament. (Fig. 36, p. v. 1.) It is attached postei-iorly to the ventral body wall between the

anterior and posterior ventral aponeurotic 1)ands. It extends forward from here in a nearly

horizontal plane, attached by its edges to the lateral walls of the body, and tinall3' is attached

anteriorly to the inner wall of the mantle fold, the anterior portion of the ligament forming the

ventral or posterior walls of the anterior renal sacs.

When the pericardial chamber is opened the ventral body wall and the posterior portion of

the pallio-visceral ligament will be found to be very closel}' applied to each other.

As a matter of fact the heart is within the pallio-visceral ligament, and not far from its

center. The heart projects from the under side of the ligament, while the branchial veins,

expanding near the heart to form the auricles, extend freely through the pericardial chamber to

the points where they enter the wall of the mantle. Necessarily the branchial veins are also

surrounded l)y extensions of the pallio-visceral ligament and covered liy the ccelomic epithelimii.

It has already been intimated that the pallio-visceral ligament is not cjuite complete. There

are, in fact, three openings in it by which the pei'icardial and genital divisions of the ca?lom are

put into communication with each other. The smallest of these, and for a long time considered

to be the only one, lies just back of the left side of the heart. (Fig. 36, p. v-p. ap.) It is an ova!

opening, the longer axis of which is directed posteriorly, and when undisturbed the edges of the

opening lie against each other. The common septal artery passes through this opening into the

genital division of the ctelom.

The other two openings through the pallio-visceral ligament lie at either side of and mostlj-

anterior to the heart (Figs. 36, 3S, and 39). These were lirst described by Huxley. Thej-

generally extend nearly to the middle line in front of the heart, leaving the heart suspended by

a narrow ligament anteriorly. But their size and position is subject to considerable variation.

In the specimen from which Fig. 36 was drawn the openings were widely separated anterior to

the heart, and the left opening was at least twice as large as the right. In Figs. 88 and 39 the

openings are seen to be much closer to each othei' in front of the heart, those shown in Fig. 39

being even less separated than those in Fig. 38. In Fig. 39, too, the left opening is very much
larger than the right, while in Fig. 38 the left opening is only slightly larger than the right.

The edges of both openings are attached to the dorsal and anterior side of the heart.

The dorsal aorta passes through the left opening, and following the posterior side of the

hsemoccelic membrane for a short distance, penetrates this and runs forward in the hamoccel

above the oesophagus. (Fig. 7, Ao.)

From the posterior wall of each renal sac glandular appendages hang into the pericardial

cavity. The secretory epithelium of these appendages is a portion of the coelomic epithelium.

The genital division of the ccelom is much more extensive than the pericardial division. It

is traversed by several ligaments which support and inclose viscei'a.

Principal of these is the genital ligament, within which the gonad is inclosed. This extends

from the posterior wall of tiie crelom, just above the origin of the siphuncle, to the pallio-visceral

ligament just back of the heart. (Figs. 7, 38, and 39.) At its upper end this ligament forms a

band a couple of centimeters in breadth, attached to the body wall obliquely, in a line directed

downward from the right to the left side.

The gonad, being contained within this ligament, causes a great enlargement of its lower

portion, and finally projects into the pallio-visceral ligament, causing the latter to appear to be

attached to the ventral surface of the gonad. The posterior opening through the pallio-visceral

ligament is just to the left of this attachment, the ligament being continued on the right side of

the opening up over the surface of the gonad. In this way the couunon septal artery comes
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to pass through the opening directly upon the surface of the gonad without at any point passing

freely aiToss the ccelom. The area of attachment of the gonad to the pallio-visceral ligament

is quite wide.

At the aperture of the gonad the ocelomic epithelium is continued inside the ciivity of the

gonad. Thus the cavity of the ovary or of the testis is a nearly inclosed portion of the ccelom.

The ova and follicle cells are developed from the cceloniic epithelium.

The genital ligament is raised from the upper or anterior surface of the gonad along two

lines. (Figs. 38 and 39.) The right elevation forms a fold which incloses and suspends the second

loop of the intestine. As the sides of the fold come together l)etween the two parts of the loop

a mesentei'v is formed binding these together. The anteriorly directed portion of the loop lies

next the gonad. As this passes ])eyond the gonad anteriorly into the rectum it remains inclosed

by the fold, which is here produced directly from the portion of the pallio-visceral ligament

between the two anterior viscero-pericardial openings.

The second elevation of the genital ligament runs to the left side of the gonad and is pro-

duced from hei'e to the posterior portion of the stomach as a distinct ligament.

The upper end of the genital ligament is sometimes found to be thickened antl shrunken,

appearing as if it contained muscular tissue and had contracted strongly.

Although the second loop of the intestine and the stomach appear to lie in the ccelom, they

are in reality outside of it. They lie in pockets of the hsemociBlic membrane, which is only

more closely applied to these organs than to the lobes of the li\(M'. In the case of the stomach

this is quite evident. With the intestine it is less so, but examination shows that the ligament

surrounding the second loop of the intestine is continuous with the hicmoctelic membrane
around and between the two branches of the loop.

In fact, these ligaments are composed of double lamellse containing the viscera inside them,

and covered outside by the crelomic epithelium. They have something the same relation to the

ccelom as the mesenteries of a vertebrate. The blood sinuses contained by them may 1)e con-

sidered as portions of the hsemoccel. The ligament of the .stomach is sometimes jdainly hollow,

and tilled with coagulated blood.

The right, functional genital duct, and the left, non-functional genital duct, are l)oth contained

in the pallio-visceral ligament, their inner borders following ilosely the right and left anterior

viscero-pericardial openings, respectively.

The pallio-viscei'al and genital ligaments are. like the intestinal and gastric ligaments, composed
of double lamella?, containing the organs within them. The ova and their follicle cells and the

pericardial glands arc the only organs literally lying in the ccelom.

The ccjelom is lined with an epithelium compo.sed of flattened ])c>lygonal cells. Upon the

anterior wall of the ccelom some of the cells, according to Haller, can be distinguished by their

taking a more intense stain from the ordinary coelomic epithelial cells.

The renal sacs should also be considered as portions of the ccelom, or secondary body cavity.

Their complete separation from the main portion of the ccelom is c>xplained liy .some as a result

of the displacement of the reno-pericardial openings from the inside of the anterior renal sacs to

the surface of the body at one side of the external openings of the renal sacs. According to this

view. Nautilus originally possessed Imt one pair of renal .sacs—the anterior, t)eside the apertures

of which the pericardial pores are found—while the posterior sacs have been derived l)v a division

of the anterior sacs, and a .separation of the two pairs of sacs thus formed. In somewhat the

.same manner and at the same time the anterior gills and their ves.sels have divided to form the

posterior gills and their vessels.

The explanation is certainly far-fetched, and can not l)e received with too nuich caution.

Other explanations are possible, and it is quite probable that some other will be found in future

years which will show that this one is entirely erroneous in its conceptions.

It is at least as easy to suppose that the posterior gills and renal sacs have been developed

independently of the correspt)nding anterior organs and that similarity of function has brought

about similaritj' of structure, just as it has in several instances in-adult and embryonic organs of

widely separated groups.
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We have still a portion of the ccelom to consider—that portion which stretches out in the

siphuncle. Upon the ri^ht side of the attachment of the genital ligament to the body wall is an
opening which leads into a cavity continued to the end of the siphuncle. The structure of the

siphuncle has Ix^en described in some detail by Haller. and its consideration seems to occur
most logically at this point.

The genital ligament lies directly over the opening from the cwlom into the siphuncle, and
makes the opening quite difficult to find sometimes. However, it is always single and upon the

right side of the ligament. The cavity of the siphuncle is divided into three tubular portions.

one of which is dorsal and two ventral. The cavities arc lined by a continuation of the cceloniic

epithelium, which is here composed of low cu))ical cells. The siphuncle is narrowed where it

passes through each septum. At these points the siphuncular cavities also are narrowed, but not

occluded.

The common septal artery passes along the genital ligament to the posterior portion of the

body wall near the base of the siphuncle. It here divides into a right and a left branch, from
one of which, sometimes the right and sometimes the left, the siphuncular arterv is given oti'.

(Text-tig. 11. p. ISti.) This extends through the entire length of the siphuncle, liually ending
openly.

The .spaces intervening between the cavities of the siphuncle and the siphuncidar artery are

lilled by a loose reticular connective tissue, the spaces of which contain venous blood, and are in

communication through the walls of the body and the various ligaments crossing the coelom with

the cavity of the hremocoel.

Haller descrilies a very curious structure of the epithelium covering the siphuncle extei'-

nally. According to his description, the basement membrane is thrown into tine longitudinal

folds. The epithelium does not cover the edges of the folds, these being in direct contact with

the inner wall of the siphon. The epithelium covering the grooves between the edges of the

folds forms a contiimous protoplasmic layer, in which cell t)oiuidaries are not distinguishable.

This layer shows striations perpendicular to its surface. It stains intensely with hteniatoxylin.

The widely separated nuclei are disk-shaped and lie in the upper or out«r portion of the layer.

The tissues of the base of the siphon seem always to be continued into the genital ligament,

forming a small rounded nodular eminence close to its attachment. In one case, shown in Fig. 38,

a cord of tissue extends from this eminence along the ligament of the stomach. What this is I

have not yet been able to determine.

There have been several theories advanced as to the function of the siphuncle. Most con-

sider that it is in some way connected with hydrostatic properties of the shell and attempt to

explain the rising and sinking of the animal as in some way dependent upon the action of the

siphuncle. Reeve's theoi-y of its action is very interesting, and a paragraph from him is worth
quoting.

"The following appears to us to be the manner in which the Nautilus constructs its .shell.

The animal in its embryo formation deposits a simple hollow shell, out of which it necessarily

advances as it increases in l)ulk: and in order to assist its specific gravity at the bottom of the

ocean the vacated portion of the shell is chambered in by the secretion of transverse septa, the

animal having first taken the precaution to secure a strong tubiform membrane to the iimer wall

in order to adjust its position (a consideration of the habits of this pelagic mollusk will show the

necessity for this membrane). As the soft parts increase in bulk, the umscular girdle which
binds them to the shell would naturally be forced from any adhesion, but from its being fur-

nished with a certain degree of elasticity it advances by a series of periodical slips, the sudden-

ness of which is undoubtedly counteracted by the attachment of the central membrane. The
growth of the shell then proceeds in a circular direction, and .serves to buoy up its inhalntant in

the water by ha\ing the vacated portion chambered in to meet its specific gravity. The geo-

met'-ical int-rease of it ari.ses simply thus: The natural position of the Nautilus, like other

cephalopods, is with its head downward, the shell being consequently above; and the periodical

slip of the belt of adh(>sion most pi'obably takes place when the animal is in this supine position.

It lets itself down, and round and round, as it were, upon its axis by th(> limited e.xtension of
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this membranous pulley; the operation ceases when it arrives at maturity, and the membrane,

being no longer wanted, probably decays. Such is the manner in which our observations lead

us to suppose the Nautilus grows; the chambers have certainly no communication with the

surrounding fluid. The camerated portion of the shell of Nautilus is evidently a simple,

mechanical construction (though planned bj" the wisest intelligence) to assist the specitic gravity

of its inhabitant whilst under the difterent mutations of pressure that it is liable to at different

periods of growth in its passage through the element; and it is, moreover, a contrivance that

could only be effected by the aid of this adjusting membrane upon the simple geometry of

motion above described."

The siphuncle is, therefore, according to this theory, a mechanical contrivance regulating

the form of the shell and partially supporting the body during the formation of new septa.

These theories as to the function of the siphuncle have been gradually discarded as study

revealed more of the structure of fossil cephalopod shells and as our morphological conceptions

matured. Our present knowledge indicates that the siphuncle is a vestigial structure, having no

immediate connection with the ability of the Nautilus to rise or sink. This has been proven by
WiLLEY in a series of direct experiments.

In a communication from New Guinea, in September. 1895, Willey (1896, 1) gives an account

of his experiments, as follows:

"•Being desirous of obtaining, if possible, experimental evidence as to the physiological

signiHcance of the siphuncle in the Pearly Nautilus. I have made several successful attempts to

cut the siphuncle without otherwise injuring the animal. The evidence supplied by the experi-

ment can not be regarded as conclusive, on account of the altered conditions of depth and tem-

perature to which the Nautilus is exposed by being brought up to the surface, but it may be well

to consider what the results indicate.

"At tirst I sawed through the shell into one of the chambers, and then cut the siphuncle.

This method has the disadvantages of injuriously affecting the efficiency of the chambers and of

causing a more or less considerable loss of blood to the animal. The latter will, however, live in

confinement about as long as untouched individuals.

"A young Nautilus operated upon in this way on June 26 was placed in the sea in shallow

water for its movements to be watched. It sank slowly to the bottom, and then for a long time

made active revolving motions about the vertical axis, but scarcely made any progressive

movements.

"On another occasion (July 10). after several trials, I found that the liest way of performing
the operation is to saw through the shell in the neighborhood of the posterior portion of the body
of the animal, over the cardiac region, and not to tampei- with the chambers. If the shell be held

mouth downward this point lies approximately in the same vertical and transverse plane with

the points where the free margin of the mouth of the shell merges into the umbilicus. When a

large enough hole has been made in the shell to admit the scissors, the shell being still held upside

down, the ventral visceral portion of the body usually detaches itself from the shell, or can be

readily caused to do so, and, sinking inward, exposes the root of the siphuncle, which can then

be severed. On returning the shell to its normal position the body immediately resumes its

normal intimate conta(-t with the wall of the cavity in which it lives, and the pressure so exerted

prevents any extensive loss of blood. Under these conditions the operation does not. as a rule,

appear to affect the vitality of the animal in any degree.

"A Nautilus' which was treated in this way on July 10, on being placed in the sea, swam
about very vigorously for some time in the middle stratum of water, but most of the time at a

little distance from the bottom. On September 13 I operated on four more individuals taken

in Talli Bay. on the north coast of the Gazelle peninsula. One of them showed a tendency to

sink to the bottom, which it always performed very gradually. In this one I had accidentally

punctured the mantle over the heart. The others remained floating and swimming about on the

' It should perhaps be mentioned that in this particular individual I accidentally cut into the last chamber and
plugged the opening with wax.
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surfaee during the whole time of observation. They did not go far in one steady direction, but

tended to go in circles, as in fact did another one whose siphuncle was uncut. If one of the

individuals floating at the surface was forced down to the bottom with a hand net, it would

.slowly i"ise to the surface again. This also often happens with a Nautilus that has not been

operated on.

"The results indicated by the above experiments, which, it may be added, are worth

repeating, may be summarized as follows:

''The cutting of the siphuncle (a) does not temporarily affect the vitalit}' of the animal; (/3)

does not prevent it from making movements of ti'anslation;' (;') does not prevent it from floating

at the surface; (S) does not prevent it from .sinking to the bottom.

"It .still remains to be ascertained whether a Nautilus whose siphuncle has been cut, having

sunk to the l)ottom of the sea in shallow water, will undertake a jouiney to the surface. Mv
experiment of July 10 would seem to indicate that this might be expected to occur.

"The above experiments do not appear to oppo.se the view which I expre.s.sed in a former

communication—that the siphuncle of Ndutihif! pomj>ilius is, in some measure, of the nature of

a vestigial structure.

"It might, indeed, be legitimate to suppose, on the principle of the correlation of organs,

that in the Nautiloidea the course of evolution has led to a reduction of the siphuncle pari passu

with an increase in the efficiency of the chambers as hydrostatic oi-gans."

REPRODUCTIVE SYSTEM.

The tir.st specimens of Nautilus to be obtained were females. After Van der Hoeven had

received a male specimen for many yeai's again only females were ol)tained by naturalists, until

the opinion came to 1)e held that the females of Nautilus must greatly exceed the males in lunn-

))er. In recent years, however, especially in the collections made by Willey and in the Menage
COLLECTION, the ratio has been inverted, the males beitig about three times as numerous as the

females.

WiLLET states, in Natural Science foi- June, 1895, that out of sixty-seven individuals, fifty-

one were male and sixteen female. In the Menage collection out of sixty-six specimens fifty

were males and sixteen females. These numbers do not justify us in yet stating that there is a

difference in the numbers of the sexes. The males may be much the more active in their habits

at all times; the females may also retire into hiding during oviposition, and may possibly remain

watching over their eggs until the .young hatch, so that during a large portion of the j^ear they

are less liable to capture than are the males.

KEPRODUCTIVE ORGANS OF THE MALE. (FiG. .S8.)

The testis is a large oval organ situated in the extreme posterior and upper part of the ccelom,

directly beneath the origin of the siphuncle (Figs. 7 and 38). Its posterior face is smoothly

convex, fftting the concavity of the septum. The anterior surface, however, is flattened and

shows irregular facets caused hy pressure against other viscera, the stomach and li^•er upon the

left, the intestine and the accessory reproductive gland upon the right.

The testis is covered by an extremely thin, delicate tunic, through which may be seen the

indistinctly demarcated lobes of the organ. Over the posterior surface the tunic is closely

attached to the tissues within, connective tissue strands extending from the tunic Ijetween the

lobes. Anteriorly the tunic is entirely free from the mass of inclosed tissue, forming a .sac

which opens through a slit at the end of a short funnel-shaped production of the tunic (Fig.

38, T.ap.).

The testis does not lie free within the coelom, but is attached to its walls by several liga-

ments. The case is summed up shortly by saying that the testis is contained within a ligament

which has been iuvaginated into itself at one point to form the cavity of the testis. The point of

invagination corresponds to the opening of the testis. This genital ligament (Fig. 38, g. 1.), as

' In speaking above of progressive movements I mean, of course, in the usual backward direction.
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we lUiiy tf-rin it. extends from the iinterioi- portion of the pallio-visceral ligament upward ;ind

backward to the liody wall just above the origin of the siphon. Thus the testis, a speeialized

portion of the wall of the genital ligament, comes to be slung by its upper and lower ends.

The upper attachment of the testis is effected b.y a membranous ligament about 2 centimeters

broad extending from the anterior face of the testis, 1 centimeter Itelow the upper end of th(>

organ, to the Iwdy wall just above the origin of the siphunclc The attachment of the ligament

to the body wall is diagonal, passing across the body from right to left, and also somewhat down-

ward. In this way the opening of the siphuncle into the c(jelom comes to lie upon the right side

of the genital ligament. Tissues of the base of the siphuncle seem to extend into the genital

ligament, so that there is always a bulge in the ligament at this point.

Being continued on the testis the ligament separates into two portions which run downward

over the anterior surface of the organ. These are merely elevations of the tunic of the testis.

One passes over the surface of the testis to the left, leaving it at its edge and forming the sus-

pensory ligament of the stomach (gas. 1.). The other passes downward, first to the right, then

slightly to the left until it reaches the anterior edge of the testis, where it is continued as a dorsal

fold of the pallio-visceral ligament over the heart. This forms the suspensory ligament of the

intestine and rectum (1. 1.). It is attac-hed first to the portion of the intestine leading forward to

the rectum: enveloping this it forms the mesenter^y between the liranchesof the intestine, and then

envelops the hackwardly dii-ected branch of the intestine. It must be remembered that all these

ligaments are double folds, in some of whii'h the walls covered externally by the ccelomic epithe-

lium are closely pressed together, while in others organs or portions of organs, such as the intes-

tine, stomach, etc., are pushed between the walls.

The posterior side of the anterior end of the testis is l)roadly attached to the pallio-visceral

ligament. This attachment is immediately posterior to the heart. As the heai't is surrounded

and slung by the same ligament, the ventral surface of the testis and the dorsal surface of th(>

heart come into very close contact.

The funnel-shaped tube through which the cavity of the testis is ])laced in conmnuiicatidu

with the vas deferens is formed by a thickened portion of its tunic aliout 4 millimeters in lengtii

and 3 millimeters in breadth at the tip. The tip is sometimes slightly expanded. The opening

in it is slit-like.

The surface of the testis inside the tunic appears somewhat granular. Kekr, describing

the striicturt' of the testis of an immature individual, says that "the apei'ture of the organ is seen

to lead into a vestit)ule, into which t)pen several ducts. Each of these, traced inward, divides up

into numerous tubules which end blindly and are aggregated into distinct lobes and lobules.

Vestibule and tubes are lined by epithelium continuous with that of the general coi'lom.'"

The measurements of the testis of one specimen were: Length. 41 millimeters; breadth, ?)ii

millimeters; thickness, 24 millimeters. At the right of the t(\stis. and extending anterior to it,

is a large accessory gland, which is formed around the convoluted vas deferens (ac. gl.). The

accessory gland lies within the pallio-visceral ligament upon the right of the right anterior

viscero-pericardial aperture. Posteriorly it projects freely, carrying the dorsal wall of the

ligament over its surface. Lying in the pallio-visceral ligament in this way. the accessory gland

is very closely attached by the ligament to the anterior portion of the testis. On account of the

elevation of the post(M-ior portion of the accessory gland above the pallio-visceral ligament, the

poi'tion of the ligament uniting this portion of the gland and the testis appears at first sight like

a separate ligament, but is in reality only a fold of th(> pallio-visceral ligament (y).

The accessory gland projects entirely dorsally fiom the pallio-visceral ligament. It forms

an oval organ, smaller anteriorly than postiM'iorlv, the measurements of which are: Length, 27

millimeters; breadth, 20 millimeters; thickness, 15 millimeters. Its tissues are uuich firmer

than those of the testis.

When in its natural position the accessory gland lies against the right anterior face of the

testis, the loop of the intestine t)eing held between the upper portion of the gland and the testis.

In Fig. 38 the gland is turned outward so as to show the face which is ordinarily pressed against
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the testis. Near the lower edge of this face is a funicular depression leading into the vas deferens

(v. d.). The funnel of the testis fits snugly within this opening, so that, as Kerr remarks,

••though the cavities of the testis and of the vas deferens open quite independently into the

ccelom?they are at least during sexual maturity functionally continuous with one another."

The vas deferens winds about through the accessory gland, finally passing into a tough-

walled sac which occupies most of the anterior end of the gland. The accessory gland •' is com-

posed of numerous coecal tubular outgrowths from the duct itself " (Kerr). The proxunal end

of the vas deferens is exceedingly thin walled and small, being on this account very difficult to

trace (v. d'.). It is rather less than a millimeter in diameter in this portion, but from the point

V. d-. its walls are verv thick, the whole tube being about three times its former thickness, while

the lumen remains about the same size as before. The thickened portion of the vas deferens opens

into the right side of the tough-walled sac (S. V.), 12 millimeters long, occupying the anterior

portion ot^ the gland, which we may call the seminal vesicle. The seminal vesicle is easily

distinguished without dissection of the gland.

The opening of the seminal vesicle is just in front of the junction of the mantle with the body

wall. The remaining parts of the genital duct can be traced from the mantle cavity. They

cause projections of the body wall so that their shape and course can be followed without dissec-

tion, but they are easily dissected by removing the integument.

The seminal vesicle opens by a very small orifice into a thick-walled tube which turns

o1)liquely to the left, toward the center of the body. It quickly enlarges into a good-sized sac,

11 millimeters long, the spermatophore sac (Sp. s.). This is ini^ompletely divided into two parts

liy a longitudinal septum extending into it from the posterior wall, upon the left side of the

opening into the sac, nearly to the anterior end (Sep.). Coiled spermatophores are frequently

found tn the sac, bent around the anterior edge of the septum into a U-shaped mass. The

anterior edge of the septum is frequently arcuate, so that the opening from one side to the

other of the spermatophore sac is 3 or 4 millimeters in diameter and nearly round.

From the spermatophore sac a short thick-walled tube leads forward to the penis.

The penis is a tubular organ 4 to 5 millimeters in diameter, lying in the middle of the ventral

surface of the bodv. its axis corresponding with the longitudinal axis of the body (Fig. 3, P.).

The walls of the penis are thick and muscular. Its tip usually projects freely from the body

wall, and bears a small aperture (P. ap.). This leads into a cavity which divides almost immedi-

ately into a right and left portion. The right portion connects with the cavity of the spermato-

phore sac (P. r.). The wall of the cavity is thrown into longitudinal folds, which, however, are

only found in the contracted condition of the organ. When a spermatophore is in the tube the

walls are smooth.

A fleshy tube is prolonged posteriorly from the left side of the penis obliquely outward

and backward for 8 to 15 millimeters (P. 1.). This ends blindly with a slight enlargement. The

left-hand cavity of the penis is continued into this tube. Its walls are folded like those of the

right cavity ofthe penis, Init not so strongly. In the enlarged portion the cavity also is larger.

Near the end of the tube I have found a very minute, yet distinct opening upon the right side,

leadino- into a short narrow sac parallel to the posterior portion of the larger tube. This sac

eviden'tly corresponds to the spermatophore sac of the opposite side. In one of the specimens

examine"d the left portion of the penis was entirely lacking. There seems to be considerable

variability in the extent of its development.

It is in the vas deferens that the spermatophores are formed. Each spermatophore consists

of a thick-walled tube of chitin. one millimeter in diameter and five to ten centimeters in length.

The lumen of the tube is verv small and is filled with spermatozoa. I have several times found

a spermatophore irregularly coiled in the seminal vesicle, or rather one end of it was coiled up

here. The other end extended back in the vas deferens as far as the end or a trifle beyond the

end of the thick-walled portion. The wall of the spermatophore seemed to be fully formed until

near the posterior end. For the last centimeter the wall became gradually thinner and paler,

finally disappearing.
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In a less than half-gTown malo, the testis formed an elongate organ situated in the genital

ligamont immediately back of the heart. It measured i:^ millimeters in length by 3 millimeters

in bri'adth.

In this specimen the two halves of the penis were exactly alike; the right half could not be

traced into any (•omnnuiication with the vas deferens. It seemed to end blindly in the body wall.

I was not able to find any external opening of the vas deferens. The spermatophore sac existed

as a small tubular diverticulum of the right half of the penis, just as I have found it in the left

half of the penis of the adult.

Upon the left side of the lower end of the testis, within the pallio-visceral ligament, is a

curious sac-like organ (pyr. s.). The blind enlai'ged end of the sac is close to the left side of

the heart. Its position varies somewhat in different individuals, being in some close—even

dorsal— to the heart, in others quite to the left of the heart, depending upon the shape and

extent of the left anterior viscero-pericardial aperture. The neck of the sac is elongated, form-

ing a narrow tube which opens into the mantle cavity through the pore already noticed upon the

left side of the body at the line of junction of the mantle fold with the body wall (pyr. ap.).

The sac is much flattened, causing a scarcely noticeable thickening of the pallio-visceral ligament.

Its walls are thin and soft and are folded upon the inner side.

REPRODUCTIVE ORGANS OF THE FEMALE. (fIG. 39.)

The ovary (Ov.) occupies the same position as the testis, hut is somewhat smaller than the

fully developed testis and more rounded, forming a body 35 millimeters in length and 25 milli-

meters in breadth. It is suspended by ligaments in the same manner as the testis, the course of

the ligament of the stomach, however, being slightly ditterent. The fold of which the gastric

ligament is a continuation extends from the upper end to the left side of the testis; it extends to

the lower end of the ovary and the gastric ligament arises from its middle (gas. 1.).

The aperture of the ovary is upon a small protuberance of the wall upon the right side of the

lower end of the ovary (Ov. ap.). Anatomically the ovary opens into the ctelom; actually the

aperture of the ovary is closely applied to the inner opening of the genital duct, so that the duct

is functionally continuous from the ovary.

The posterior portion of the inside of the ovary is entirely covered by egg-follicles in various

stages of development. The mature follicles are about 15 millimeters in length by 10 to 12 milli-

meters in diameter, each containing a single yolk-laden ovum. The older follicles are suspended

from the wall of the ovary ))v slender, memliranous stalks, which are usually simple. l)ut. accord-

ing to Kekk, occasionally branch. The epithelium of the inner surface of the follicle, which is

a])plied to the ovum, is continuous over the outside of the follicle with the coelomic epithelium

lining the ovary. The older follicles at least possess a thi'ee-lipped aperture at the end opposite

the stalk, through which the ovum escapes. Follicles from which the ova have been shed are

ruptured half way to their bases. Kerr finds that between the bases of the follicles the lining

epitheliiuu of the ovary "thickens up into syncytial masses of protoplasm containing large round

nuclei, e.ach with a large deeply staining nucleolus, around which the protoplasm tends to segre-

gate off more or less distinctly. The primitive ovum develops within such a heap, the nucleus

inci'easing in size and assuming more and more the character of a 'germinal vesicle.' and the

protoplasm first becoming more distinctly aggregated round the nucleus and marked oil' from the

surrounding protoplasm and then increasing rapidly in size. As the ovum increases in size, the

substan<-e of the ovarian wall gi'ows up round it tt) form the follicle, while the syncytium accom-

panying the ovum apparently gives rise to the lining cells of the follicle." In the young follicle

the surface next the ovum is smooth, but as the ovum and follicle increase in size the inner sur-

face of the latter becomes raised into anastomosing ridges, which penetrate deeply into the ovum.

WiLLEY found that the meshes formed by the ridges are much wider in submature than in the

less mature ova, and would presumably be found to flatten out in completely ripe ova.

At the end of the ovum next the opening of the follicle is an area of protoplasm free from
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yolk, in which the large nucleu* is located. Over thi^ region of the ovum the ridges are absent,

while those which lie at the margin of the area form incomplete meshes open on the side toward

the egg nucleus.

The clear polar area of the ovum is approximately triangular, " and from each of the corners

of the triangle what may be called a line of weakness occurs in the follicular wall, bound on

either side bv incomplete meshes." (AVillet.)

" The yolk is viscous and glutinous, and posseses a translucent brownish tinge. The nearly

ripe ova rupture with the utmost facility." (Willey.)

" In the female the ramifications of thegenital artery pass up on to the surface of the individual

ova, and form a kind of capillary system, the liner branches following, Vnit not always confined

to, the reticular markings formed by the ridges of the follicular membrane which project into

the yolk. The arteries which traverse the surface of the ova give off minute l)ranches which

pass inward, as it were, into the depths of the follicular ridges; and these deep-lying vessels

anastomose with one another, while the superficial branches appear, as a rule, not to form anas-

tomoses. It may be added that the impression of anastomoses is much more readily conveyed

by examination with a hand-lens than it is by the use of the compound microscope." (Willey.)

The epithelium about the mouth of the ovary is c'omposed of columnar cells bearing long

cilia; farther within the ovary the epithelium gradually passes from columnar to cubical cells.

"keferstein ' and Lankestee and Boukne have figured a large albumen gland attached to

the ovary near its mouth. This has the shape of a large sac, of about the same volume as the

ovary, lying upon the right side of the latter. Bourne's diagram may be simply a copy of

KefJerstein's figure; nothing in the text gives any information as to whether the authors had

seen the albuminous gland in their own dissections or not.

No other authors describe such a structure. I have myself l>een unable to find any traces of

it in several female Nautili I have dissected. In several cases I have found the ovary filled with

a hard, solid, brown coagulum, probal)ly secreted by the walls of the ovary. As in one of

the specimens dissected all the large ova had just been shed, this specimen was certainly sexually

mature. If the gland is onlv formed periodically, we should certainly expect to find it in such a

specimen. It is probable that the ovary of Kefeestein's specimen was abnormal and possessed

a hernia-like protrusion.

Hallee has previously noted the absence of such a structure as Kefeestein figures and has

come to the conclusion that the ovary of Kefeestein's specimen was in a pathological condition.

Some of Hallee's specimens also had the ovary filled with the secretion already mentioned, of

which he speaks as follows: "It has the same appearance as the egg-yolk, staining similarly

with certain stains (carmine) or remaining unstained with others (hematoxylin). This yolk is

the same as that in the eggs, from which I distinguish it by the name of the free yolk, and is

used by being taken into the eggs. At first I thought that it might possibly lie composed of an

accumulation of volk cells, but nuclei could not be discovered in it by means of the various

nuclear stains used, it being a homogeneous mass—a secretion from cells. I then sought for a

olandular differentiation, which, as processes of the ovarial wall, might project inward and

function in the secretion of the free yolk. However, there was no such structure present, and

nothing remains but to hold the portions of the wall of the ovary which are free from eggs

responsible for the production of this yolk. It is probably the right lateral side of the ovary,

upon which I have never found eggs, which performs this secretion.

"The cells of this portion of the ovarial wall would not, then, function as germinal epithelium,

but would furnish a sort of nutrient material, not by giving ofi' cells, but instead, pure yolk-

stutf. The histological structure of that portion of the ovarial wall seems to me to indicate this.

I found there a layer of cells, the elements of which were in all things very much like the follicle

cells; it is composed of high cylindrical elements, which are completely filled with yolk granules.

In places, where the cells had been separated from each other by shrinkage caused by alcohol,

one could observe numerous protoplasmic connections between them. The cell nuclei are, like

'Bkonn's Classen imd Ordnungen.
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those of the follicle eells, very irregular, and iudistinetly bounded. It is eharaeteri.stic that the

chromatin is gathered in a coil in the center of the nucleus."

The nu)uth of the ovary is usually pressed closely against the inner opening of the oviduct, so

that the two are functionally continuous. The oviduct lies between the walls of the pallio-visceral

ligament and is thus closely attached to the ovary.

Hallek mentions that in several cases the mouth of the ovary was not in contact with the

inner opening of the oviduct, and so opened into the cceloui.

The posterior half of the oviduct is thin-walled and broad, nmch like a flattened sac. Its

walls seem to be glandular, and are quite smooth. The internal opening of the oviduct is often

nuich larger than I have shown it in figure 39, which, however, is an accurate representation of

the condition of the specimen from which it was drawn.

The oviduct leads forward and to the right side of the body. About 20 millimeters from its

beginning it becomes much narrower, and its walls become thick and raised internally into annular

ridges. The width of the posterior portion of the oviduct is 17 millimeters, while that of the

anterior poi'tion is I'J millimeters. Shortly anterior to the commencement of the thickening the

ovidui't reaches the surface of the body at the line of junction of the mantle and body wall, from
which it projects as a large rounded eminence from 7 to 12 millimeters. The projecting portion

of the oviduct is ridged externally and presents an appearance which suggests that a portion of

the oviduct has been evaginated. The external aperture of the oviduct forms a transverse slit at

the end of the projecting portion. The distal portion of the oviduct is evidently glandular and
suggests strongly the glandular distal portion of the oviduct of several Dibranchiata.

Upon the left side of the heart, in the female as well as in the male Nautilus, is a pj'riform

sac lying within the pallio-visceral ligament, and in all respects like the pyriform sac of the

male. The position of its aperture, upon the left side of the bod}', corresponds to that of the

functional oviduct upon the right side.

The nidamental gland has been described in the section devoted to the pallial complex. We
have as yet no proof of the function of this gland. Analogy, however, guides us in giving it

this designation.

The ovary of a half-grown female was a small elongated body, is millimeters in length by
t) millimeters in width. It was situated within the genital ligament close to the heart, extending

along al)out one-third of the genital ligament. The intestine and stomach were attached directly

to the genital ligament above the ovary. The ovary evidently grows backward and upward in

the ligament so that when it is mature the ligaments of the intestine and stomach are attached

to its surface.

The ovary opened into the ccelom just back of the heart, and so at a considerable distance

from the inner opening of the oviduct. The functional oviduct was scarcely difterent from the

P3'riforni sac at this time. The walls of the portion near the external aperture, which later

became rugose and greatly thickened, were in this case only slightly ridged and scarcely thickened

at all. The oviduct papilla projected very little into the mantle cavity, and was not at all pleated.

The genital arteries were discovered l)y means of injections by Willey; since then I have

been able to trace the arteries in uninjected specimens. They are three in number and arise

directly from the heart. They arise close together in a row from the posterior portion of the

dorsal surface of the heart. (Text-fig. 10, p. 182.)

The genital artery is the middle one of the three, and its main trunk passes over the dorsal

surface of the gonad.

The right-hand artery forms the gonaducal artery and goes to the functional genital duct.

The left-hand artery is that of pyriform sac, being distributed mainly to this. Upon morphological

grounds it should be considered to be the left gonaducal artery.

Both the gonaducal artery and the artery of the pyriform sac "give off a branch which
passes into the perigonadial membrane." (Willey.)

The further ramifications of the genital artery of the female have already been mentioned.

Tile pyriform sac was first described by Owen in a female specimen, and given this name by
him. Owen did not discover the opening of the sac to the exterior, and was led by its position
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to believe that the pvrifonn sac was a vestige <,f an organ which, at some former period in the

history of the species, had formed a communication between the venous sinus and systemic

ventricle, independent of the branchial circulation.

Keferstein discovered the opening of the sai' to the exterior.

Manv vears after Lankester and Bourne iirst discovered the presence of the organ in the

male Nautilus, and showed that it has the same structure and position in both sexes. These

authors called attention to the exactly similar position of the genital duct upon the right side of

the bodv and the pvriform sac and its duct upon the left side, and suggested that the latter is the

left crenital duct in a vestigial condition. The similarity of the functional and nonfunctional

ffenit'al ducts is evident in the female, in which the aperture of the oviduct occupies a position

upon the right side of the body corresponding closely to the position of the aperture ot the

pvriform sac upon the left side.
, , , , . ^, -n

'

Later observers have added still further evidence in favor ot the homology of the pyritorm

sac with the functional genital duct. Kerr tinds that in a very young female the inner part of

the crenital duct has exactly the appearance of the pyriform sac in the adult, tk^ rudiment ot the

ffonad being cpiite distinct and apparently median and unpaired.

The first part of the statement adds great strength to the view which considers tlie pyritorm

sac to be a left oenital duct. The latter part of the statement answers the question left open by

Lankester and^BouRNE-whether the pyriform sac represented only the left gemtal duct, or the

genital duct and the gonad of the same side.

Kerr also remarks that " in the voung animal, the Needham's sac (spermatophore sac) being

not yet expanded, the form and size of the right portion of the apparatus (penis) are in almost

exactly the same condition as is the left in the adult."
. ^ , , ,

The discovery by Willet of the symmetrical arrangement of the arteries ot the gonad and

oenital duct and" the pyriform sac entirely justifies the conclusion that the latter two are

homologues. The fact that from both the gonaducal artery and the artery of the pyritorm sac

•I branch is sent to the ovarial membrane forms a strong piece of evidence that these are equiv-

alent arteries, and also indicates that the pyriform sac corresponds to the genital duct alone, and

not to an entire left reproductive apparatus. ,,,. u i <= *

It is then about as well established as anatomical evidence alone can establish such tacts,

that Nautilus possesses a single unpaired, median gonad, and a pair of gonaducts; one of these,

the right, is functional and highly developed; the other, the left, exists in the condition of a

sac opening to the exterior, and no longer functions as a gonaduct.
.

, ,
•

The spermatophore is formed in the vas deferens. Apparently the formation takes place in

the thickened portion of the vas deferens, as in the specimens I have dissected the spermatophore

ended at about the commencement of this portion of the tube-either a little distal or proximal

to this point As the spermatophore is formed it is moved forward and finally it debouches in the

seminal vesicle, where it is irregularly and loosely coiled. From here it passes into the spermato-

phore sac where I have alwavs found the coil occupying the two sacs, bent around the longitudinal

septum in the form of a U. I have next found the spermatophore occupying the tip of the penis,

causing a great distention of this organ. The spermatophore is now tightly coiled into an ovoid

mass, al)out 8 millimeters in length by 5 millimeters in diameter. ,,.,... t

From the penis the spermataphore is in some way passed to the superior labial tentacles, i

have several times found a single spermatophore tightly held by the ui.per tentacles ot either the

rio-ht or left superior labial group. But when among the labial tentacles the spermatophore is

always surrounded by a closed, tough sac of a chitinous material. The sac with the spermato-

phore inside it forms a roughly spherical mass, averaging 1.3 millimeters in diameter. The

spermatophore is looselv coiled and lies free inside the sac.

We fi.id here two questions to be answered. The first is, How and where is the sac formed

around spermatophore? One would naturally expect such a structure to be formed either in the

spermatophore sac or the penis. But I have never found a sac around a spermatophore contained

in the spermatophore sac or in the penis-only around those held among the labial tentacles; but

around each of these. Possibly the secretion of Van der Hoeven's organ forms the sac
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The .second question is, How are the spermatophores conve\'ed from the penis to the hibial

tentacles? The latter are widely removed from the penis, beside being inside the cephalic sheath.

One course has suggested itself as possible. The spermutophore being discharged from the penis

maj' be carried through the funnel to its tip. It will be remembei'ed that the tip of the funnel

lies in a groove on the ventral side of the cephalic sheath, and that the cephalic sheath is deeply

notched just above the tip of the funnel, so that the latter projects slightly beyond the posterior

edge of the notch. It may be that when the spernuitophore reaches the tip of the funnel it is

grasped by some of the tentacles, either digital or labial, and conveyed by them to its final

position among the dorsal tentacles of the superior labial group. Van iwai Hoeven's organ lies

just back of the ventral notch, and if it plays any part in the formation of the sac of the spermato-

phore, the spermatophore may remain for a time in the depression into which the organ opens.

Possit)ly the tip of the funnel may be turned upward and the spermatophore forced inside the

cephalic sheath liy a jet of water. I do not wish this suggestion to be interpreted as uiy theory

of how the spermatophore travels to the laliial tentacles from the penis. It is only a suggestion,

which may be far from the truth, but which, arising from the anatomical relations of the various

parts concerned, I think it can do no harm to publish. Such a transfer would, however, involve

an active coordination of different parts which is quite unique among Mollusca in processes

accessory to fertilization.

It is noticeable that the spermatophores are not found in any connection with the spadix,

which has been frequently considered analogous to the hectocotylized arm of the Dibranchiata.

What the role of this organ is, is as much a myster}' as ever. Its large size and complicated

structure indicate that its function is important, and that there may be several minor processes

which cooperate to perform the function for which the structure has been developed.

It has been suggested that the spadix is thrust into the mantle cavity of the female during

copulation. Evidently this is the idea of Vayssiere, who suggests that the function of the large,

firm, and pointed first cirrus of the spadix is to facilitate the introduction of the spadix into the

mantle chamber of the female. The fourth cirrus on account of its small size and position may
have little share in the functions of the spadix. Vayssiere considers that the active parts in

transferring the spermatophore to the female are the second and third cirri. The latter is especially

fitted for this, and he suggests that the spermatozoa are carried in the crypts after the destruction

of their protective envelopes, and being ejected from these by a momentary turgescenee of the

tongues are deposited at the orifice of the oviduct.

The second and third cirri of the spadix are evidently capable of considerable extension, and

are probably very active portions of the organ in doing whatever work for which it is designed,

but there is scarcely any reason to suppose that the spadix, and especially the third cirrus thereof,

act as Vayssiere has suggested. For we have already noticed that the female frequently carries

a spermatophore coiled upon the surface of the lamellated region inside the edges of the ventral

notch of the cephalic sheath. It seems probable that the spermatophore is transferred from the

male direct to this place. It is quite remarkable tiiat the sac which surrounds the spermatophore

when among the tentacles of the male has already been lost, the spermatophore lying naked, coiled

upon the surface of the receiving apparatus of the female.

As the spermatophore is still intact, the third cirrus of the spadix certainly has no such use

as Vayssiere suggests. Indeed, it seems strange that so complicated an organ as the spadix

should have been required for so simple an operation as placing the spermatophore inside the

cephalic sheath, of the female. The female Loligo carries spermatophores upon the buccal

membrane, but in the case of Loligo jjea/ i i there is not the slightest trace of a hectocot3'lized arm

or other specialized apparatus for depositing the spermatophores upon the buccal membrane of the

female. It seems quite possible that the spadix of Nautilus may not function at all in the

transfer, it being entirely accomplished by the superior labial tentacles. Or possibly the spadix

serves to push aside the tentacles of the female and allow of the deposition of the spermatophore

within them.

The development of the spadix in the adult male alone indicates that it is an accessory repro-

ductive organ, but of its function we are absolutely ignorant.
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How i« the protective envelope of the spermatophore destroyed i Theie is no evidenee as

yet to indicate wiiether this is done by the male, or if the envelope is intact when the female

receives the spermatophore. In the latter case the envelope maj' l)e destroyed by the action of

the secretion of the receiving lamellae, or more actively, by the tentacles after being received,

or by the handling it may undergo during the transfer from the male to the female.

I do not know of anyone who has ever found spermatophores upon any other region of the

bod}' of the female Nautilus than the one described.

Another question arises. How long is the spermatophore retained among the tentacles of

the male or upon the receiving apparatus of the female^ I am inclined to think that the sper-

matophore may be retained for a variable but not usually long time among the tentacles of

the male. I have several times found a spermatophore in the process of formation within

the vas deferens, and another coiled up in the spermatopliore sac. In another case the

spermatophore sac contained one spermatophore while another oc-cupied the tip of the penis.

The compai'atively immense size of the fully developed testis indicates that it can produce an

enormous number of spermatozoa in a ver}' short time. The accessory gland, too, is of a size

which shows that it can very quickly produce the secretion required for the tubular walls of a

spermatophore. Spermatophore after spermatophore is probalily produced in rapid succession

throughout the breeding season; or if this is continuous, the year round, as Willey suggests,

throughout the period of sexual activity. It seems probable that the males carry a spermatophore

among the tentacles onl\' till it can be transferred to a female. Then another spermatophore takes

the place of the first, and so on. The female may carry the spermatophore for a longer time.

Apparently a single one is carried at any time.

THE CIRCULATION.

ARTERIAL CIKCULATION.

The figures of the arterial circulation ha\'e been made partly from my own dissections and

jxirtly from the published figures and descriptions of Willey. In some instances I had obtained

the same results as Willey before he published his figures, in others I have merely verified his

work, and in places I rely entirely upon his figures and descriptions in order that my own
descriptions may be as complete as possible. Some facts are. I think. pul)lished for the first

time.

In the case of the branches of the lesser aorta and the arteries of the reproductive apparatus

the completeness of the account is entirely due to the researches of Willey.

In both figures of the arterial system the arteries are viewed from the dorsal side. As the

vessels represented in text-fig. 11 lie almost entirely ventral to those of text-fig. 10, I believe

that they are shown with less danger of confusion in separate figures.

The heart is situated immediately back of the mantle fold in the portion of the coelom known

as the pericardium. It is an oblong muscular organ of quite considerable size, being 2 centi-

meters in width. 1 c(Mitinieter in length (antero-posterior measurement), and 6 to 8 millimeters

in thickness. Th(» long axis of the heart is exactly transverse to the long axis of the body. The

right side of the heart is slightly longer than the left side, so the symmetry of the heart is not

quite perfect.

A branchial vein enters each corner of the heart. The portion of each brnnchial vein near

the heart is capable of considerable distension, and these portions have been called the auricles

of the heart. But very frequently one or all these vessels show no increase in diameter near the

heart. This fact indicates that the so-called auricles of Nautilus, while physiologically similar,

have not the same morphological importance and should not be considered as organs of the same

nature as the auricles of the heart of the Gastropoda and the Lamellibranchiata. In these classes

the auricle forms a distinct chamber, which even in its development is distinct from both the

ventricle and the branchial veins, which the auricles of Nautilus are not. The term is a con-

venient one anatomically, indicating the portion of the branchial vein inside the pericardium

Vol. 8—No. 5 G
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which is ovidently pulsatile, but it should not be used in the same morphological sense as in

other groups.

Five vessels arise from the dorsal side of the heart, the courses of which will he described

presently.

The heart has thick muscular walls, and in the contracted state consequent upon death a

very small tissure-like cavity. The inner surface of the heart is pitted, and by its appearance

reminds one strongly of the inner surface of a mammalian heart, though by no means distinctly

trabeculated. I have not been able to find anj^ valves at the openings of the vessels leading into

or from the heart, except possibly the dorsal aorta. The openings are, however, tightl}' closed,

and it is possible that at the commencement of systole the walls of the heart contract first around

the openings of the branchial veins, and thus the regurgitation of ])lood is prevented.

I'^ntil otherwise indicated all references will be to text-lig. 10.

The largest vessel proceeding from the heart is the dorsal aoi-ta. This arises from the

dorsal surface of the heart, on the left side and near the posterior edge. The base of the aorta is

conical and possesses thick muscular walls, and could probably be properly spoken of as a conus

arteriosus. At the end of the nuiscular portion of the base of the aorta is an elevation of the

inner wall, which may be a valve. In some specimens this is (juite distinct and much like a semi-

lunar valve; in others it is barely noticeable. Possibly the conical l)ase of the aorta should be

considered morphologically as a portion of the heart itself.

Along the median part of the posterior edge of the heart, dorsally also, arise three small

arteries. They lie in the portion of the pallio-visceral ligament attached to the posterior side of

the heart. The artery at the left is the artery of the pyriform sac; the middle one is the genital

artery, while the one on the right is the gonaducal artery.

Also from the dorsal side of the heai't. but near the anterior edge, arises the fifth artery, the

lesser aoi'ta.

Let us now follow th(> course of the dorsal aorta and its branches. From its origin on

the dorsal side of the heart the aorta extends upward and backward and to the left along the

posterior side of the ha^moctelic mem))rane. Turning forward it penetrates the membrane and

enters the hajmociel, in which it lies free, running forward over the liver and the oesophagus.

In the posterior portion of the ha^moc(el the aorta lies well to the left of the cavity, but as it

extends forward it approaches the median line until, near the oesophageal nerve ring, it lies in

the median line. Immediatelv liack of the nerve ring the aorta divides into a left and a right

branch, the innominate arteries, from which lesser branches are given oft' to the cephalic region

and the funnel.

Conunencing froiu the posterior end of the aorta, the tirst branch leaves it just after the

aorta enters the hremocoel. Coming oft' from the right side of the aorta, it runs directly toward

the right side of the body, giving oft' tirst a branch anteriorly which passes to the posterior

portion of the proventriculus, the posterior proventricular artery; next, a branch posteriorly

which iuunediately bends forward and passes around the anterior side of the stomach to the

coecum, the cujcal artery; tinally, the end of the artery passes to the stomach, forming the gastric

artery, which breaks up into luuuei-ous tine vessels in the walls of the stomach.

Fi\'i^ or (! millimeters antei'ior to the origin of this arti^ry a much larger artery leaves the

left side of the aorta. After a course of about 5 millimeters this artery divides into two branches,

the anterior of which goes to the left shell muscle (the left posterior columellar artery), while the

posterior branch proceeds to the liver (hepatic artery). I have called the branch of the aorta

from which both these arteries arise the hepatico-columellar artery.

The hepatic artery goes to the junction of the two left lobes of the liver. It divides here

into three branches. The left and middles branches enter the left lobes of the liver in which

they break up into the tine lobular branches. The right-hand branch of the hepatic artery follows

the median coiuiecting portion of the liver to the junction of the two right lobes of the liver.

Here it divides into a branch for each lobe. In its course it gives oft' a considerable branch to

the median portion of the liver.
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TIk' left posterior coluniellar artery runs forward and upward to the dorsal edge of the left

shell muscle near its attachment. After giving off a branch to the dorsal portion of the body

wall it liends downward along- the inner surface of the shell nmscle, giving oti' numerous branches

which enter the muscle.

The right posterior columellar artery arises from the right side of the aorta about o millime-

ters anterior to the origin of the hepatico-columellar artery. Since the posterior portion of the

aorta is upon the left side of the body cavity, the right posterior columellar artery is considerably

longer than the corresponding left artery. The cour.se of the right posterior columella)- artery is

the same, only inverted, as that of the left.

About 20 millimeters anterior to the origin of the last artery the right pallio-nuchal artery

arises as a branch of the aorta. The left pallio-nuchal artery arises from the aorta 4 or 5 milli-

meters anterior to the right pallio-nuchal. These arteries pass upward and outward to the dorsal

side of the body, entering the body wall at the base of the mantle fold where the latter crosses

the dorsal edges of the shell muscles. Several branches leave the pallio-nuchal arteries at this

point. Some of these pass into the dorsal portion of the mantle lying against the involution of

the shell. The main portion of each artery is continued in the thin wall of the dorsal nuchal

region, supplying especially the cresceiitic fold upon the posterior face of the hood. As it

passes along the edge of the shell muscle it appears to send some small branches into the ti.ssues

of the muscle. A considerable branch extends into the crus of the funnel. From the outer side

of the pallio-nuchal artery a branch enters the mantle, which becomes continuous with the

marginal pallial branch of the anterior pallial artery.

Usually no other vessels arise from the aorta until it divides into tiie innominate arteries.

The anterior proventriculai- arteries, supplying blood to rather more than the anterior half

of the proventriculus, frequently arise from the junction of the aorta with the innominate

arteries. These arteries are, however, extremely variable in their position, a fact to which

WiLi-EY has called attention. One or both may arise frou) the innominates, or one may be

entirely absent. In Willey's Fig. 28 (ISitti, 1), the left anterior proventricular artery arises from

the aorta a considerable distance l)elow its division into the innominate arteries. Two small

arterioles going from the anterior proventricular arteries to the walls of the aorta show also

considerable variation in their points of origin. Ordinarily one arises from the l)ase of each

proventricular artery. In the case iigured by Willey both arterioles arise from the right

anterior proventricular arteiy, the left proventricular artery being absent in this case.

The buccal artery usually springs from the right innominate close to its separation from the

left. It passes forward upon the dorsal side of the buccal mass, presently dividing into three

branches. The median branch, the superior mandibular artery, runs straight forward in the

median line of the buccal mass, giving oti' branches to the superior mandibular nuiscles. The

lateral branches first pass outward to the sides of the ])uccal mass, giving off on the way several

small })i-anches posteriorly to the mandibular muscles, then turn forward and pass into the

buccal membrane and its papilhv. Of the origin of the tniccal artery Willey says: "It is a

singular fact that the gi-eat median buccal artery always springs from the right innominate artery.

The constancy of this origin would seem to indicate that it is potentially a paired structure." I

have dissected specimens in which the buccal artei-y s])rung from the junction of the innominate

arteries; in other words, was median. Either position, lateral or median, may be .secondary,

resulting from a displacement of the ba.se of the artery during growth, and it is difficult to decide

which is primitive without the evidence of embryology.

Five or six millimeters from their junction a branch arises from the anterior side of each

innominate (the inferior mandibular artery), which runs forward on the under side of the ])uccal

mass to the nuisdes and organs of the fioor of the pharynx. These arteries are closely bound

to the buccal nervous S3'stem, careful dissection being required to separate the nervous from the

arterial elements. The inferior mandibular arteries supply not only the lower parts of the

mandibular muscles but also the tongue and the radular sac, the processes anterior to the tongue,

and the salivary processes.



182 MEMOIRS OF THE NATIONAT. ACADEISIV OF SCIENCES.

27



MEMOlliS OF THE NATIONAL ACADEMY OF yCIENCES. 183

Text-fig. 10.- -TIIE PORSAL AORTA, THE GENITAL AND GONADUCAL ARTERIES, AND THE ARTERY
OF THE PYRIFOHM SAC VIEWED FROAI THE DORSAL 8IDE.

This figure and the one following are combinations of the result^ of my own dissections, and tlie figures of various
part,? of the vascular system jiuhlished by Willey.

1, left artery of V.a.s per Hoevex's organ in the male; of
; 25,

inferior labial lolje in tlie female. ' 26,

2, superior mandibular artery. 27,

•S, right artery of Van der Hoeven's organ in the male; ! 28,

of inferior labial lobe in the female.
|
29,

4, arteries to individual digital tentacles. 30,

5, right tentacular artery. 31,

6, arteries of eye. 32,

7, infundibular artery. 33,

8, pedal artery. 34,

9, innominate artery. 3.5,

10, artery entering po.sterior part of hood. 36,

1
1

,

right anterior columellar artery. 37,

12, right anterior proventricular artery. 38,

13, nuchal artery.

14, crural artery. .39,

15, marginal pallial artery. 40,

16, right pallio-n\ichal artery. 41

,

17, branch to dorsal body-wall. 42,

18, right posterior columellar artery. 43,

19, lesser aorta. 44,

20, heart. 45,

21, gonaducal artery. 46,

22, branch to wall of gonad.
; 47,

23, outline of genital duct.
j
48,

24, genital artery.
|

artery of right lobes of liver.

outline of gonad.
gastric artery.

co;cal artery.

artery to middle portion of liver.

arteries to left lobes of liver.

dorsal aorta.

hepatic artery.

posterior proventricular artery.

hepatico-columellar artery.

outline of pyriform sac.

artery of pyriform sac.

left posterior columellar artery.

descending portion of columellar artery giving off

branches to muscle,
left pallio-nuchal artery,

marginal pallial artery,

radial pallial artery,

artery to dorsal portion of mantle,
ilorsal aorta.

left anterior proventricular artiTV.

cerebral artery.

Iiuccal artery.

inferior mandibular artery,

labial arterv.
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From the dorsal .side of tlic iimoiiiiiiatcs, near the origins of the inferior mandibular arteries.

arise arterioles which pass into the cerebral ganglia. From the ()osterior side of the innoiniiiiites

other small vessels pass into tlii' posterior portion of the hood.

Finally, each innominate divides, one branch passing backward into the shell mustdes and

forming the anterior colmnellar artery, the oth(>r l)ran(h passing forward and downward along

tlie bases of the tentacles, foi'ming the pedal artery. Near the bas(> of the pedal ai'tery two

arterioles pass outward to the eye. Between these a large branch ai-ises from the pedal artery

which passes to the funnel, tiie infundibular artery. The remainder of the pedal artery, which

gives otif In-anches to tlie individual tentacles. Wili.ey has very conveniently named the tentacular

artery. The first of the branc'lies of the tentacular artei-y ))ass("s into tiie inferior labial lobe in

the female, and into Van dkk Hof:ven"s organ in the male.

The origin of the genital and gonaducal arteries and thf artery <>f the pyriform sac has

already been mentioned.

The genital artery passes from tlu' heart directly l)ack upon the gonad, in which it breaks

iij) into capillary brandies.

The gonaducal artery passes to the right from the heart and is distril)uted to the walls of

the functional genital duct.

The artery of the pyriform sac. or the non-functional genital duct, passes to the left from

the heart ar d extends along this organ.

WiLLEY shows that l>oth the gonaducal artery and th(» artery of the pyriform sac give ofl' a

branch which passes into the perigonadial memlirane. and he says: ''This ajiparently trifling fact,

combined with the subsymm(>trical iclations of the gonaduct and the pear-shaped gland, may

indicate that the latter is the metamorphosed genital duct of the h^ft side, and not. as I believe

has been suggested, the morphological equivalent of an entire left genital apparatus."

Almost immediately after its origin from the anterior side of the heart, the les.ser aorta

divides into two branches.' One. the pallial artery, runs straight forward in the median line of

the mantle and is distributed to the intestine, rectum, and mantle. The other, the counnon

septal arterv. runs almost straight backward and is distributed entirely to the septal portion of

the l)ody wall and tiie siphuncle.

The pallial artery is inclosed by the pallio-visceral ligament. A few millimeters anterior to

the heart it gives otf a sliMider l)ranch (the intestinal artery), which runs ])ack in the membrane

uniting the two portions of the second loop of the intestine. Small aiterioles pass from either

side into the intestinal tissues.

In front of the intestinal artery several small rectal arteries arise directly from the pallial

art(MT and pass to the walls of the rectuiu.

At the point where the two walls of the mantle fold unite and the mantle becomes thin, a

pair of vessels arise from the pallial artery and pass outward to the I'ight and the left in the sub-

stance of the mantle. These arteries, discovered by Willey. were callt>d by him the branchio-

osphradial arteries, "since among their minor ramifications they send up lu'anches to the tips of

the branchia'. supplying tht> integument of the latter, and also a small l)ranch into each of the

osphradia." In the fcMuale the nidamental glands are supplitnl by branches of the branchio-

osphradial arteries. 1 retain the name " branchio-osphi-adial " for these arteries because, although

the osphradial character of the i)apilhe referred to is not yet well proven, there is still a consider-

able probability of it, and it do(\s not seem worth while to burden the literature of the subject

with a new name which might in time jirove more correct, but for the pres<Mit would be no more

intelligible or convenient.

The pallial artery now passes forward nearly to the mantle edge. It here divides into a right

and a left liranch (the marginal pallial arteries), which run parallel to the edge of the mantle till

they unite dorsally with the pallio-nuchal branches of the dorsal aorta. In this way a remarkable

arterial circuit is formed, to which Willey has given the name "circulus pallialis."

'The arteries dewriljed after this are represented in text-fij;. 11
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From tlie anterior side of the luarginal pallia! artery a reoular series of Miiiall arteries pass

into the portion of the mantle in front of the marginal artery, whieh we have notic-ed to he espe-

ciiUly museular and slightly thicker than the middle portions of the mantle.

From the posterior side of the marginal artery and from the anterior portion of the pallial

artery numerous vessels pass into the middle portions of the mantle.

The common septal artery bends around the anterior side of the heart immediately after its

origin and then passes backward along the ventral surface of the heart. It is here covered by
the portion of the pallio-visceral ligament which incloses the heart and hangs suspended in a

mesentery-like fold of the ligament. Running backward under the left side of the heart, the

artery arrives at the posterior viscero-pericardial opening, through which it passes by follow-

ing the right edge. This edge being attached to the gonad, the artery passes directly upon the

surface of the o^-ary or testis, as the case may be. Passing over the lower edge onto the anterior

face of the gonad, the artery reaches the gastric ligament, along the edge of which it passes to the

posterior wall of the body near the base of the siphuncle. The common septal artery does not

appear to give off any branches to the gonad.

Arrived at the posterior wall of the body, the artery divides into a right and a left septal

artery. These ramify over the portion of the body wall which faces the septum. It will be

remeinliered that this portion of the body wall is bounded by the dorsal and the posterior ventral

aponeurotic bands. The branches of the septal arteries are rigidly confined to the septal area of

the body wall (Willey).

The siphuncular artery arises as a branch of one of the septal arteries, sometimes of one,

sometimes of the other. Entering the base of the siphuncle, the artery extends through it to the

end. Other smaller branches of the septal arteries may also enter the base of the siphuncle.

VENOUS CIRCULATION.

Only a portion of the venous system appears to be closed. The blood passes from the

arterial capillaries into sinuses, which in one way or another are placed in communication with

the vena cava. In the mantle there seems to be a quite extensive closed circulation.

The vena cava lies in the ventral wall of the body, extending from the cephalic cartilage to

the posterior limit of the mantle cavity. It possesses thin muscular walls of its own, which
appear to be innervated by two nerves springing from the pleuro-visceral ganglia. In its anterior

portion the vena cava is bounded laterally by the inner faces of the shell muscles, which, touching

each other ventrally, are separated dorsally. A triangular space is thus formed, which is occupied

by the vena cava.

The dorsal wall of the vena cava, which is flusu with the inner surface of the body wall, is

perforated In* numerous holes of varying size.

The vena cava is in conmiunication anteriorly with numerous extensive blood spaces in the

tissues surrounding the ))uccal mass and at the bases of the tentacles. Some of these spaces

appear much like definite branches of the vena cava. The vena cava also receives several large

veins from the shell muscles and the l)ody wall, but these vessels are not constant in cither number
or position. Two veins on each side of the cephalic region pass througii the ))ody of the cartilage

into the anterior end of the vena cava.

Through the openings in its dorsal wall by which the vena c^ava is in communication with

the hsemocftl blood enters the vena cava through the latter cavity from the siiuises of the body
wall, and probably from the viscera contained in the hremocoel and its extensions.

At the posterior limit of the mantle cavity the vena cava divides into a right and a left bi'anch.

which Ijranches almost immediately subdivide into two i)ranches passing to the anterior and
posterior gills of either side, the branchial arteries. Each of the branchial arteries, on its way
to the gill, passes through the posterior wall of a renal sac, where it sends branches into the

renal and pericardial appendages. (Text-tig. 9, p. Itii.)

WiLLEY savs that the veins of the mantle "are collected into two main trunks, which lie on
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Text-fig. ll.^THE LESSER AORTA AXU ITS KRANT'TIES, VIEWED FROM THE DORSAL SIDE.

1, radial pallial artery.

2, marginal pallial artery.

3, arteries of nidamental filaiid.

4, rectal arteries.

5, intestinal artery.

(1, heart.

7, gonaducal artery.
•H, genital artery.

9, right septa! arter>'.

10, accessory siphuneular artery.

U, isiphnncular artery.

12, left septal artery.

13, common .septal artery.

14, artery of pyriform .-^ac.

15, posterior viscer(>-i)ericardial ajierture.

1(), dorsal aorta.

17, lesser aorta.

18, pallial artery.

19, branchio-()S]ihradial artery.

20, median pallial arteries.
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either side of llie anterior pallial artei-y, and proceed backward to open into the ditierent ))ran-

chial vessels. At the sides of the mantle there are also a number of lateral pallial veins, which

open into a large sinus situated over the shell muscle."'

The peculiar perforated structure of the vena cava, together witii the large size of the

hivmocoel, may have an important bearing upon the ability of the Nautilus to endure being

suddenlv hauled to the surface without suflering apparent ill results. The specimens which I

have had the privilege of studying were captured at a depth of from twelve hundred to eighteen

hundred feet. At the latter depth they would be under a pressure of eighty atmospheres. Pro-

fessor WoKCESTER has told me that whil(> the Nautili came to the surface uninjured, other

animals brought up with them, as hsh and crustacea. were always dead upon reaching the surface.

It is evident that something in its structure nuist account for the ability of the Nautilus to

withstand such sudden iind tremendous changes of pressure, though this function may be. and

probably is, only a concomitant of the structure and not its principal function.

In order that a change of pre.ssure should not prove injurious to an animal it is only necessary

that the internal pressure of the tissues should remain (Hjual to th(> external pressure. It seems

to me that this result u'ould be easily accomplished in Nautilus in the following manner. The
pressure of the surrounding water upon the body would be ti'ansferred immediately to the blood

contained in the hsemocoel. The cavity of the ha-mocrel is in direct conununication with tiiat of

the vena cava, and consequently with ail th(> vascular spaces of the body, through the holes in

the dorsal wall of the vena cava. By this means the pressure of the ])lood in the hsemoccel is

directly transuiitted to the l)lood of the entire body, and thus the pressui'e within suid without

the body is equalized. No change in the volume of the body would occur because the volume of

the hismoccel and ccelom is minimal, and because of the incompressibility of tlie fluid.

The hivmoccel is completely closed from the exterior, so no water enters it. or anywhere

comes in tlirect communication with the blood. It seems entirely improbable that water ever

enters the ccelom through the pericardial pores, as has lieen suggested.

NERVOUS SYSTEM. (FIG. 41.)

The central nervous system of Nautilus consists of three ganglionic liands wliich unite so as

to form a ring around the <esophagus, two passing ventrally to the (esophagus and one dor.sally.

The dorsal band icpresents the cerel)ral ganglia plus their commissure (12). The ends of the

band are sometimes slightly larger tiiaii the central poition. l)ut there is never any such separa-

tion of the parts as to allow us to say. these are the cerebral ganglia, or this is the cerebral

commissure.

The posterior of the ventral bands represents the pleuro-vi.sceral ganglia (13); this also is not

separated into a pair of ganglia and a commissure, altiiough the ends of the band are sometimes

larger than the central portion. The anterior ventral band is composed of two distinct ganglia

united l)y a slender commissure, the pedal ganglia (28) and the pedal commissure (29). The
pedal ganglia are flat and crescentic in outline*.

The cereltral. pedal, and pleuro-visceral ganglia form a junction at the sides of the (esophagus.

The pleuro-visceral ganglia seem almost to join the pedal ganglia rather than the cerebral, but

closer examination proves that they unite with the c(>rebral ganglia to as great an extent at least

as with the pedal ganglia.

1 shall speak of the cerebral and ])leuro-visceral ganglia as if eacii l)and were in reality a

single ganglion.

From each outer side of the cerebral ganglion an enormous optic nerve passes outward into

the stalk of the eye (24 and 25). The base of the optic nerve is swollen and may form an optic

ganglion, a point which the study of sections alone will s(>ttle. The optic nerve is almost

immediately divided into numerous parallel small nerves wiiich in passing outward twist slightly

about the axis of the nerve. They are much more closely pre.ssed in the stalk of the eye than

nearer the cerebral ganglion. At the back of the retina the nerves separate and form a mesh
about this bowl-shaped organ.

Near eacli end two niM'ves pass from tiie aiilerior side of the eereliral ganglion forward to
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the ventral -side of the biu-eal mass, where they enter the buccal nervous system (5 and 6). These

are the outer and inner cei'ebro-buccal connectives of each side. The buccal connectives are of

considerable leno-th. In preserved and contracted specimens they are found to make numerous

loops, which provide the extra length recjuired when tlie buccal mass is thrust foi ward.

The buccal nervous system consists of two pairs of ganglia united by connectives and two

commissures passing anterior to the oesophagus. The cerebi-o-buccal connectives pass through

the niusculai' nicmbrane which covers the ventral surface of the buccal mass and unite with the

pharyngeal ganglia—slender ganglia lying at the sides of the ventral surface of the buccal mass,

immediately upon the lower edge of the mandibular muscles (-i). The pharyngeal ganglia are

united by the long piiaryngeal commissure passing anteriorly along the edge of the lower

jaw ('2). From the posterior ends of the pharyngeal ganglia strong connectives extend backward

and inward to the buccal ganglia at the sides of the nesophagus as it issues from the liuccal mass

(32). The buccal ganglia are (juite small. They are connected by a commissure passing around

the anterior side of the oesophagus (33).

Numerous nerves are given ofl' liy the pharyngeal ganglia to the mandibular muscles. A
nerve arising on the posterior side of the buccal ganglion bends over the dorsal side of the latter

and passes to the salivary gland (34). A small nerve passes from the buccal ganglion to the

oesophagus (31). Other nerves seem to pass into the tongue, })ut could not be accurately traced.

A number of small nerves (more than a dozen) leave the anterior side of the cerebral ganglion

between the bases of the inner cerebro-buccal connectives and pass forward upon the dorsal sur-

face of the l)uccal mass (27). Some of these nerves or their branches enter the mandibular

muscles. The majority of them pass into the space between the folds of the buccal membrane
and are distributed to the papillw along the edge of the membrane.

A few small nerves (23) leave the posterior sides of the outer ends of the cerebral ganglion

and pass to the posterior portion of the dorsal buccal retractors close to their attachment to the

cartilage. These seem to be the same nerves which Valenciennes describes as proceeding to the

cavitj- of the cartilage which he mistook for the otocyst.

In one specimen I have been able to trace the otocystic nerves. They are small, of about

the same size as the nerve figured as going to the post-ocular tentacle. Each arises from the

dorsal surface of the cerebral ganglion, just above the base of the optic nerve. As the otocyst

is pressed between the posterior surface of the pedal ganglion and the cartilage, the otocystic

nerve passes into the angle between the cerebral and pedal ganglia and then runs along the

posterior surface of the pedal ganglion. The tunic of the nerve is so closely attached to that of

the pedal ganglion that the nerve seems at first sight to spring from this ganglion. The nerve

spi'eads out fan-wise upon the surface of the otocyst.

The nerve of the rhinophore seems to leave the cerebral ganglion close to the base of the

optic nerv^e, but I am not entirely sure of its course.

No nerves are given off from the inner edges of the pedal ganglia, })ut from the outer edges

arise exceedingly numerous closely set nerves. These nerves are distributed entirely to the

funnel, the labial tentacles, and the digital tentacles and the cephalic sheath. In other words,

they pass only to those parts which some consider to be homologous with the foot of other

moUusca.

The infundibular nerves are a pair of large nerves leaving the inner end of each ganglion,

passing foi'ward and downward into the tissues of the funnel (S). They are situated at either end

of the pedal commissure, from which no nerves arise. For the lirst part of their course the

infundibular nerves lie in a cavity slightly larger than themselves, probably a blood space.

Just outside the infundil)ular nerves two conspicuous but smaller nerves (7) pass forward

from the pedal ganglia to the inferior labial lobes in the f(>male or to their homologue in the

male, Van der Hoeven's organ. The nerves enter the base of the inferior labial lobe; they

enter Van der Hoeven's organ at about the middle of each side. In each case after the nerves

have entered they expand into small ganglia (35). from which nerves are given oti' to the separate

tentacles of the organs. Fig. H is drawn from a male specimen in which the nerves pass inward

from the aancflion instead of forward as in the female.
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The outer edge of eaeii pedal giiaglion is t'l'inged with muuerous hue nerves. These nerves

may be separated into two groups. The tirst of these are sinall, very slender nerves, which spring

fi"()in the anterior or upper side of the edge of the ganglion. These nerves go to the tentacles of

the superior labial groups; in the male, the nerves of the spadix and antispadix also are included

in this series. The nerves of the tentacles of the spadix are. however, much larger than the

nerves of the superior labial tentacles, oi- of the tentacles of the antispadix. In one dissection I

found a <juite peculiar nerve (80); it passes from the left pedal ganglion into the liase of the tirst

cirrus of the spadix. where it ends in an enlargement from which a number of small branches

proceed into the surrounding tissues.

The iippai-ently similar innervation of the superior labial tentacles and th(> tentacles of the

spadix and the antispadix points to the latter l)eing separated portions of the superior labial

groups. But it is not safe to rely overmuch upon the, at present very slight, evidence of the

itmervation. The nerves arising from the pedal ganglia are too little sejiai-ated for us to

distinguish accurately between one group and anothei-.

The second series of nerves are much larger than thi^ first and arise from the lower or pos-

terior portion of the edge of the ganglion, or even from the side pressed against the cartilage.

Thev proceed to the individual digital tentacles (9).

Several larg(> nerves leave the upper (or outer) ends of the pedal ganglia, near the junction

with the cerebral and pleuro-visceral ganglia. From these nerves (10) branches ])roceed to some
of the digital tentacles and to the hood.

Finally, a large nerve leaves the pedal ganglion very close to its junction with the other

ganglia. The two main ])ranches into which this divides Vjecome the nerves of the preocular and
postocular tentacles. Finer branches proceed to the posterior portion of the hood, and some-

times to cirri of digital tentacles.

Numerous nerves, large and small, arise from the posterior edge of the pleuro-visceral

ganglion. The nerves of the two sides are separated by a narrow median interval free from
nerves. On either side of the interval a large visceral nerve (22) leaves the ganglion and runs

straight backward, lying upon the inner surface of the body wall at the side of and parallel to

the vena cava. At the posterior limit of the mantle cavity the visceral nerve turns outward and
forward in the mantle, linally dividing into two branches which extend into the gills (W and 20).

Before the viscei'al nerve divides to form the l)ranchial nerves I have found it to give off

two branches, which seemed to pass into the posterior walls of the renal sacs (17 and 18).

Just before the visceral nerve bends into the mantle it gives otl' small nerves to the

spermatophore sac and genital duct (Iti).

Frequently connected with the visceral nerves ar(> a pair of slender nerves which pass to the

dorsal wall of the vena cava (15 and 21). These are, however, very variable in their origin.

Always present, they sometimes both arise from the visceral nerves at about the middle of their

course in the body. Sometimes both arise directly from the pleuro-visceral ganglion just inside

the origins of the viscei-ai nerv(>s, as is tigui-ed Ijy AVii^i.ky; or one may arise from the pleuro-

\dsceral ganglion, while the other springs f I'om some portion of the visceral nerve, as is shown
in Fig. 41.

WiLLKY is quite sure that these nerves innervate t\w preanal papilhe, and partly for this

reason considers the papilhe as the anterior pair of osphradia. I have not been able to trace the

nerves anywhere i)ut to the walls of the vena cava; although this does not constitute proof that

they end there.

Lankastkr and Boiunk state absolutely, ^VILLEY with contidence, that they have traced a

small nerve fi-om the bifui-cation of the branchial nerves into the interbranchial papilhe. This

branch also I have been unable to tind. either in several dissections or in a series of sections of

the i)apilla.

Outside the visceral nerves a number of nerves of various sizes leave the pleuro-visceral

ganglion and extend into the shell muscles and the body wall (14). The number of these is much
larger than is repr(>sented in Fig. 41. only the larger ones being drawn.

From the extreme ends of the pleuro-visceral ganglion a few very small nerves extend into
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tlic postei'ior portion of tho hood. From its imicrxation. which i.s derived from the eei'ehrul,

pechd. and pleuro-vLsceral gang-lia, the posterior portion of the hood seems to be fairly compar-

able with the dorsal portion of the nuchal region of the Gastropoda.

EYE.

The eye of the Nautilus is bowl-shaped, to use a rougii comparison, the top of the bowl being

closed by a thin membrane which is perforated centrally Ijy a small round hole, while the base of

the bowl projects as a short stalk which is attached to the side of the head (Fig. 1. E). The top

of the bowl is turned outward. The eye does not seem to be round, but somewhat triangular,

the rounded apex tieing directed ventrally. It is 22 millimeters in length (antero-posteriorly),

15 millimeters high (dorso-veutrally). and 12 millimeters from the base to the outer side. The

stalk of the eye is 9 millimeters in diameter. ))ut only 2 or ?> millimeters long.

The edge of the eye. is produced into a flange \entrally and laterally, Init not dorsally. The

round aperture in the outer face of the eye is usually spoken of as the pupil and lead^ into the

cavity of the eye lined liy the retina, there being no lens or any medium of refraction in the eye.

The sea waterhas free ingress to or egress from the cavity of the eye. The pupil is about 2

millimeters in diameter. From the ventral side of the pupil a groove leads across the face of the

eye to its ventral edge. The posterior edge of the groo\e projects over the groove to the opposite

side, transforming this into a tubular channel.

Usually the edges and the center of the face of the eye are slightly raised. lea\'ing a depression

between them. Except for a few almost microscopic depressions of the surface, the face and

sides of the eye are quite smooth. The outer epithelium of the eye is composed of long, slender

ciliated cells. The groove on the face of the eye is lined with a similar epithelium. Von Hexsen

suggests that a constant stream of water may be driven through it, keeping the pupil clean, and

preventing the entrance of foreign bodies into the eye.

The membrane forming the outer face of the eye is quite thin; 1 millimeter thick at the

edges, it gradually Ijccomes thinner until the pupil is reached, where it is scarcely thicker than

writing paper.

The sides of the eye are much thicker than the outer face, and they increase in thickness as

they approach the stalk. The dorsal side is al)Out 1.5 millimeters in thickness; the ventral side

is double this thickness. The capsule of the eye is composed for the most part of connective

tissues; a little muscular tissue is also present.

In longitudinal section the cavity of the eye is oval with a blunt outer and somewhat

pointed inner pole. The wall of the outer portion of the cavity is of an intense l)hick color.

This black area is approximately cirt'ular. The side and back walls ar(> of a light gray color,

the line of demarkation between the black and gray portions of the wall being very sharp. The

diflerence in color is caused by the fact that in the posterior portion of the cavity the retina bears

rods which hide the pigment, while the rods are absent on the anterior portion of the retina.

I follow Hallek's account of the structure of the retina. The retina is about 1 millimeter

in thickness at the posterior side of the cavity, gradually becoming thinner as it passes anteriorly.

The branches of the optic nerve spread out in a thin fibre layer immediately beneath the retmal

epithelium.

The epithelial layer of the retina is composed of two kinds of cells. The first are columnar

cells, having a width" equal to about one-eighth of their height. The nucleus lies in the upper

end of the fowcr third of the cell. Fine pigment granules lie in the cell above the nucleus, but

rarelv below it.
u i i-i

•

The second kind of retinal cells are much more slender than the first, almost thread-like m

shape. The nucleus usually lies at the beginning of the upper third of the cell. The jiigment

<rranules are larger than in the broader cells, and often are so large compared with the width of

-

the cell bodv as to be arranged like a string of beads. They also frequently extend below the

nucleus. The broad and line cells alternate regularly. The pigment does not extend quite to

the upper end of the cell, nor often into the lower third of the. cell. Thus the pigment forms a

dark liaiid which is verv noticeable in sections oi the eye.
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The ix)d layer which covers the gray portion of tlie retina is composed of sleiitler rods of

equal size. The rods are about three times as long as the retinal cells. Each rod is composed

of an axial cord which stains deeply in carmine, and of a lightly staining cortex.

The epithelium of the retina is separated from the nerve-tibre layer by a thick basement

membrane, through which the nerve fibres penetrate and enter the retinal cells. The nerve

fibres enter the broad retinal cells just above the nucleus. The buses of tlie fine retinal cells are

continuous with nerve fibres.

RHINOPHORE. (Figs. 21 and 22.)

Between the stalk of tiic eye and tlic i)rojecting posterior edge of the cephalic sheath is an

organ, prol)ably olfactory, which has lately been compared with the rhinophore of certain

Gastropoda, and to which this name is applied. It is a small pyramidal protuberance of the

side of the head, located on a horizontal line with the lower edge of tlie stalk of the eye. The
body of the eye projects over the rhinophore, completely hiding it when the Nautilus is not

viewed from below. The posterior side of the rhinophore is produced into a finger-like process

of about the same heigiit as the pyramidal liase; the whole is <S or 10 millimeters in height. The
process is not annulated and is "not r('tractil(>" (Willey, 1<S97, 1), and bears no resemblance

nor relation to the digital tentacles. It may be well to speak of this as the tentacle of the rhino-

phore. Just dorsal to the tentacle is a [lit •! millimeters in depth and -J millimeters in diameter

(the dorsal pit). On the anterior side of the base of the tentacle is the opening of another pit,

nari'ower ))ut much deeper than the dorsal pit. This is the fossa of the rhinophore. It is 10 or

1^ millimeters in depth, extending into the tissues of the hesid in a line directed inward and

downward, except as the last 2 or 3 millimeters of the tube turns sharply forward. The ba.'^e of

the fossa is near the otocyst, and Keffkkstein thinks that this is what Macdoxald mistook for

the otocystic canal. From just within the external opening the fossa is continued upward in the

center of the tentacle nearly to its tij).

The walls of the fossa are much folded longitudinally and are lined by a single-layered

ciliated epithelium of slender columnar cells. Among these are man}' cells which remind one

strongly of the olfactory cells in some of the \ertebrata.

The middle portion of these cells is swollen, forming a large, spherical, clear body which is

distingiushable in sections viewed under low powers. The proximal and distal ends of the cells

seem to be exceedingly slender and thread-like. Tliesc cells are limited to the walls of the fossa.

The epithelium of the dorsal pit is like that of the outer surface of the rhinophore.

A large nerve appears to leave the anterior side of tlu' cerebral ganglion just under the point

of union of the cerebral and optic ganglia, and. lying close to the fossa, extend to the tip of the

tentacle of the rhinophore.

The body of the rhinophore is comi)osed for the most })ait of dense elastic connective tissue,

though in the base of the organ are Sfinn' muscles.

Keffekstein describes the tentacle of the rhino])horc as "•ein zungenformiger Lappen
der wie eine Klappe die Mi'indung .seines Axenkanals schliessen kann." In preserved

specimens the tentacle frequentlv is folded down over the mouth of the fossa, but this is apparent!}'

due to its being pressed upon the eye. so that the tentacle is probably in an unnatural jiosition.

OTOCYSTS.

The otocysts of \(iiitll iix jioinpUiKx lie upon tiie front side of the cartilage immediately

back of the pedal ganglia, and near the jiuiction of the latter with the cerebral and pU'urovis-

ceral ganglia. They are ovate in form, measuring about 3.5 millimeters i!i the direction of their

long diameter. The end of the auditory nerve spreads out over the surface of the otocyst.

The otocyst is a thin walled sac sdniost completely Hlled by an immense number of elliptical

crystals packed closely together. The cry.stals vary in thickness between 0.0011 and 0.0066 mil-

limeter, and in length from 0.0033 to O.Ol-l millimeter. The crystals are composed of calcium

carbonate, giving characteristic chemical and light reat'tions. The\' all have the shape which

would be assumed b}- a perfect crystal of dog-tooth sjiar if all its angles were rounded. Very
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frequently cases of the twiiiiiiiiu- of two or more crystals arc seen. In instances where two cr3's-

tals are twinned the angle between their axis is usually TfS'-', any diverg-ence from this angle being

quite small, so far as observed. When twinned the ends of each crystfd are as perfect as in

single crystals. The union of two or several crj'stals forms the cross and star-shaped bodies,

'•etc." mentioned by Macdonald.

CARTILAGE. (Fig. 40.)

In the region of the bases of the digital tentacles is a large and strong cartilage which affords

a rirm place of attachment for th(> major nuiscles of the liody. It is composed of a central por-

tion which OwKN has termed the body, from each side of which a pair of processes project

dorsally (the cephalic processes) and ventrally (the infundibular processes). The cartilage .slants

from above downward and forward, the ends of the cephalic pi'ocesses reaching dorsally to

the body wall of the luichal region innnediately back of the hood and in front of the crura of

the funnel, while the infundibular processes extend into the funnel through the inner wall of

which they show as white lines.

The greatest width of the cartilage is 8 centimeters, the length })etween the tips of the proc-

esses is 4.75 centimeters. The infundibular processes have a length of 2.5 centuneters, the

cephalic processes a length of 1 centimeter.

The cephalic processes are round and end squarel}'. The muscles of the digital tentacles,

the labial tentacles, and the spadix are attached to their anterior faces. The shell njuscles find

an attachment upon their posterior faces.

The infundibular processes are nuich broader than tiie cephalic as well as thinner and nearly

flat. Their broad anterior faces are turned somewhat inward as well as upward. These faces

are slightly concave, while the outer and posterior faces ai'e slightly convex. The tissues of

the anterior portion of the funnel are attached to the lower portion of the anterior faces, while

the muscles of the posterior portion and of the crura of the funnel are attached to the posterior

faces of the infundibular processes. The pedal ganglia lie against the upper portions of the

anterior faces of the infundibular processes, while the pleurovisceral ganglia are supported by
the median processes of the body of the cartilage. The body of the cartilage is bent downward
and backward in the middle, forming a sharp reentrant angle anteriorly and a projecting point

posteriorly. From the upper portions of the anterior side of the body of the cartilage a pair of

small processes project toward the median line, the median processes (m. p.). The mu.scles of

the buccal mass, the inferior labial lobe or Van der Hoeven's organ, and the levator muscles

of the funnel, are attached to the body of the cartilage. The points of attachment of the latter

nuiscles are marked by the dotted lines at 1. i. in Fig. 40.

The body of the cartilage is penetrated by tM'o veins on each side. These enter widely sep-

arated upon the anterior side, but leave the cartilage close together upon the posterior side, the

cavities of the cartilage containing the veins opening here into a common depression. The upper
veins (v) come from the region of the base of the tentacles; the lower veins (v') come from the

anterior portion of the funnel. In the central part of the cephalic process is a small cavity

which extends nearly to its tip and comnuuucates with the cavity containing the vein from the

cephalic region.

SUMMARY.

It ma\- be a convenience if the additions to our knowledge of the anatomy of NmitiJiis

poinpilius presented in the foregoing pages are briefly summarized. The principal result aimed
at has been to unite the numerous isolated oliservations on Nautilus in a coherent account whicii

will at least have the advantage of accessibility.

It has been foimd that the digital tentacles have a regular arnuigement. few variations from
which exist.

The nerve of each tentacle possesses accumulations of ganglion cells about its periphery
corresponding to each of the annulatious of the outer portion of the tentacle. The inner pro-

jecting side of each segment of the digital tentacles is covered by a peculiar epithelium, which
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tluTc i.s some n'a.soii to coiisidfr us sciisorv. This portion of the st'i;iiit'iit is also provided with a

peculiar iiiuseulature which enaliles it to act as an adhesive organ of considerable power.

The t'videncc renders it probable that the laniellated orean upon the inferior labial lobe of

the feniaU' is composed of a number of modified cirri. Hetweeii the himelhe are peculiar pits,

lined by an ei)itheliiun which seems to be sensory.

V.w DKK IIoka'en's organ of the male is shown to be the homologue of the inferior labial

lobe of the female. Its la'iielhe correspond to the lamelhe and cirri of the inferior laliial lobe.

\'ax DKii Ho?:\'En"s organ is largely glandular; its actixity may be periodic. Among the gland

cells in all parts of tht> organ are scatteivd great numliers of sensory cells of a peculiar character.

These seem to corresjjond to the sensory cells observed upon the inf(>rior la))ial lobe of the

female. It is to be noted, however, that in the latter organ the sensory celLs ai"e concentrated,

but in the former scattered. The inferior labial lobe is provided with a quite complex special

nuisculature. A similar musculature is possessed ))v Van dek H()e\en"s organ.

The second cirrus of the spadi.v ))ears a set vf glands hithertcj undescribed. The structure

of the lai'L;-e slime gland upon the outer surface of the sjjadix sheatli is described. .\ similar

gland is found in a less developed condition upon the outei' side of th(> sheath of the antispadix.

The spadi.x possesses a powiM'ful nuiscle, extending from its base acro.ss the cephalic sheath.

The ocular tentacles are proNcn ))y their inner\atit)n to be uuMubcrsof the digital series, modified

foi' a sensory function. Fjjon the innei' side of the nerve, within the ocular t(>ntacles, is an acces-

sorv nerve composed of many bundles of nei've fillers, which entei' the primary nerve as they pass

toward the central ner\'ous system. The ocular tentacles possess 'breaking planes." i. e., planes

where the tissues are somewhat discontinuous, and along which the tentacles ))reak with great ease.

Attention is called to the fact that the position of the organs of the pallial complex of Nautilus

has been incorrectly figured and described l)y all authors except Jouliin. The arrangement of

these organs ditiers from that found in the Di))ranchiata, and approaches that found in many

Gastropoda. The gills, anus, preanal and interbranchial papilhe. ])ericardial and renal pores,

and the nidamental gland are situated u))on the inner surface of the mantle. The paired repro-

ductive oririces are situated upon the body wall within the mantle cavity.

There does not yet seem to be sutBcient evidence to warrant our calling certain papilla; near

the bases of the gills osji/u't/'f/c Both dissections and serial sections of the papillw in ciue.stion

have failed to show the s|)ecial imier\ation required; other observers also seem to l)e a little less

than sure of the presence of special nerves to these papilla?.

The funnel is composed of two essentially difl'erent portions, the anterior part being tibrous,

the posterior portion nuiscular. The crura of the funnel are so formed that they can, liy a

fanning motion, cause respiratory currents through the mantle chamber, and possiliiy cui'rents

strong enougli for tlie pi'ogr(>ssion of the animal.

The visceral portion of the body wall is thin and non-muscular. It contains a nervous plexus.

It is attached to the shell by three aponeurotic bands proceeding from the ends of the shell

nmscles. The dorsal and posterior ventral bands limit the septum-forming portion of the body

wall. A sharp ))ackward pioj(>ction vf the dorsal aponeurotic band corresponds to a depression

in the face of each septum in tiie younger hiilf or two-thirds of the shell.

Aside fi'om minor additions in the descrijition of th(> anatomy of the digestive tract as a whole,

the muscles of the buccal mass are described and tigured. They are found to form a quite highly

deveh)ped .system.

The renal organs are found within the mantle and in the reverse position from that described

by earlier authors.

Willey's sketches and my own dissections have lieen conibincd to form a nearly complete

account of the arterial circulation.

Some previously undesci-ibed nerves have been followed to their terminations, especially the

nerves of the ocular tentacles, of Van per Hoeven's organ, and of the spadix and antisj)adix.

The ocular nerves ar(> bi-anches of a nerve supplying digital tentacles as well. The nerves of

Van dek Hoeven's organ corresjiond to the lun-ves of the inferior labial lobe in all particulars.

The, otocvstic nerve arises from the cen'bral ganglion.
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PLATE I.

Vui. 1.—A Nautilius seen from the right side, tlie right, half of tlie shell having Ijeen cut away.

AV, anterior ventral aponeurotie ImiikI.

C, (cirrus of a digital tentacle.

Csh, cephalic sheath, composed of (he fused slieaths of digital tentacles.

CR, crua of funnel.

DM, dor.sal portion of mantle.

E, eye.

F, funnel.

Ho, hood.

1, involution of shell.

<)', preocular tentacle.

O", postocular tentacle.

PV, posterior ventral ai)oneiirolii- hand.

S, living chaniher of .shell.

Si, siphon of shell.

SI, siphuncle of liody.

SM, area of attachment of shell muscle.

Sp, last-formed si>ptum.

VM, ventral portion of mantle. This is free imm tlie body I'lom tlie edge as far hack as the anterior ventral

aponeurotic hand.
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PI>ATE II.

Fi(i. 2.— View of tlu' dorsal fiide of a Nautilus i'imhoxciI frouj its slifll.

CR, crescentic ridge on the luisterior face of ilu- liodd.

DA, dorsal aponeurotic band.

DM, dorsal portion of mantle. The index line jioints tn a de|ir(ssion in the dor.-^al side of the hody into

which tits the involution of tlu' shell.

DT', second di<j:ital tentacle.

I''., eye.

IIoA, auricle of hood.

lloC. lIoC, eirri of tentacles < iposinir the hooil.

< )'. |ireocnlar tentacle.

Si, liase of siphunele.

\, liacl<wardly projei'tin.n point of dorsal aponeurotic hand, which is evidently the cause of the small liack-

ward projections near the din>al ed^'es of the .septa, show n in l''ii; I.

y, constriction of the sijihuncle w here it jiasses throULdi a septum.
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PLATE III.

Kid. 8.—Male vieweil from the ventral surface; the mantle h;is lieen turneil hack nverthe posterior end of the hody.

exposinir its inner surface anil the organs containeil in the mantle chamlH-r.

A, anus.

DT, difrital tentacles, composing the cephalic sheath.

E, eye.

F, funnel.

IP, interl)ranchial papilla.

()", postocular tentacle.

V, jieni-s.

I'A, preanal papilbc

PP, pericardial i^ore.

KA, anterior renal pore.

KP, jio.sterior renal pore.
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PLATE IV.

Fig. 4.—Mantle chamber of female viewed froui the ventral side. The mantle has lieen turned back over the

posterior end of the body.

B, raised and overlapping border of the nidaniental irland.

BV, branchial vein of the anterior gill.

F, liase of funnel.

GA, anterior gill.

GP, posterior gill.

LM, lateral portion of mantle.

N, nidamental glaml.

OV, protruding end of oviduct: iividucal i>apilla.

PA, preanal papilbv.

SM, shell muscle.

VM, ventral portion of mantle.

Y, thickened portion of mantle between tlio inturned ends of the nidamental gland.

Fig. ri,—Cephalic region of female viewed from the dorsal side. The hood has been slit open along the median line

to show the arrangement of the labial loliesand tentacles.

B, buccal ma.ss.

CR, crescentic ridge U]ion tlie jiostcriipr faci' id the hmid.

DM, dorsal portion of the mantle.

Ho, hood.

Ij, lamellated organ upoji the center of the inferior labial lobe. The fan-like cirrus-bearing jiortions of the lobe

are seen at the sides of the lamellated organ.

SLL, superior labial lobe.

Fk;. (i.—Funnel, opened and viewed from the ventral side.

C, infundibular portions of the cartilage showing through the integument ni the ilorsal wall of the funnel.

OR, crus of funnel.

L, ligamentous band nf the integument extemling from the posterior eilge nf the funnel backward nver the

surface of the shell muscle.

M, shell muscle,

V, valve ni funnel
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PT.ATE V.

Fig. 7.—Male, viewfd from the ilm-sal .>i\ii'face. The liuod, mantle, and liody wall have been cut open in the median

line in order to show tlie moutli parts, tlie Iwemoeiel, and tlie eceloni, with their containeil orirans.

Ao, aorta.

ASp, antispadix.

B, Inieeal mass.

B;\1, bufcal membrane, ent open dorsally to show tlie tips of llic jaws.

BW, wall of the po.sterior portion of the body.

CK, erescentie ridge ujion the po.sterior face of tlie hood.

DBR, dorsal buccal retractor nuiscle.

DM, dorsal portion of the mantle cut ojien and folded down.

DT, di<iital tentacles.

GL, genital ligament.

Ho, hood.

L, L, lobes of the liver, covered by the lucinoco'li<' mendirane.

Oe, oesophagus, lyinji in the h.'emoco'l.

- S, siphuncle.

SLL, superior labia! lobe.

Sp, .spadix.

St, stomach.

T, testis.

V.1, upper jaw.

VM, ventral portion of mantle.

X, jVHiction of the h;emoc(elic membrane and boily wall along the line of the dorsal aponeurcjtic band.
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platp: XL

Fic. ^!.— Veiitial vifw cil' \';im dfi- llut-veii's orKnu. X -•

L, vertical laijiiii:i'.

N, nerve.

VF, vertical tissure.

W, wall of the i)ocket, oi' atriiiin, into « liidi tbc anterior end of llie ori;an projects cut from its attachment to

the organ and folded to one Hide.

1, 2, 8, nnisclcs of the organ.

Fi(i. II.— Ijongitudinal section of \'an der Iloeven's (prgan, taken throiigli tlie meilian vertical tissnre. ^The ventral

.side is u]ii>ennost. ) • L'.

(i, G, glandular [lortion of the organ.

HF, horizontal fissure.

L, horizontal lamina'.

Kio. II).—Cross section of Van der Hocven's organ takeji just hark of th.- midilU- oi the organ. (The ventral side is

uppermo.st. ) X -.

Fig. II.—Shell oi Xaulilux piiiii/iiliiix.
J natural size.
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PLATE VII.

Fui. 12.

—

Anlis)i;ulix, vii'vvcil frmii the niitor side. Nearly twicf natural .size.

(i, slime jrlaiiil ii|)iiii tlie slieath of the antispadix.

F, projectiiii;' Hap of tlu> sheath, partly covering the fonrtli tentacle.

4, fourth tentaele.

l'"iu. 13.—."^padix, viewed Iruui tlie iiuier side. The louse integument covering its base lias been cut away.

Natural size.

1, first cirrus.

2, second cirrus.

3, tliird cirrus.

Fk;. 14.—Spadix, viewed froju the outer side. Natural size.

( i, slime gland of tlie sheath.

SII, line along which the integument has been cut away to expo.se the base <.if the spadix.

1

,

fir.st cirrus.

2, second cirrus.

3, third cirrus.

4, fourtli cirrus, nearly covered by tlie jirojecting Hap of the sjxidix sheath.

Fui. 1.5.—First cirrus of the spadix. Nearly natural size.

Fig. 16.—Second cirrus of the .spadix, viewed from the ventral side. Natural size.

Kiii. 17.—Third cirrus of the spadix, viewed from tlie dorsal side. Natural size.

Fig. 18.—Third cirrus of the spadix, viewed from the ventral side. Natural size.

Fig. 19.—Fourth cirrus of the spadix. Natural size.

Fig. 20.—Lamellated organ U]ion the median portion of the inferior laliial lobe of the female, viewed from the dorsal

side. Twice natural size.

Fig. 21.—Rliinopliore, viewed from tlie anterior side. X 3.

DP, aperture of the dorsal pit.

F, aperture of the fossa.

Fig. 22.—Longitudinal section of the rhinophore [lassing through the fo.-su and the tentacle.

a, nerve.

b, c, portions of the fo.ssa. c is near tlie opening of the fossa to the exterior. Tlie .section does not extend to

the clo.sed central end of the fossa. The heavy outer line indicates the extent of the external epithelium.

Only as much of the rhinophore as is bounded by ttiis line extends beyond the surface of the body.

Fig. 23.—Cross section through the middle of a gill. X 2.

1, branchial vein.

2, branchial artery.

3, stem of gill.

4, respiratory membrane of leaflet.

5, supporting portion of leaflet.

Fk;. 24.—Lamellated region upon the inner surface of the cophali<- sheath of the female, just l)ack of the ventral

notch, wliich forms an organ for receiving the spermatopiiore. Below the lamellated region tlie tip of the

funnel is .seen; at the sides, some of the most ventral digital tentacles. Twice natural size.

Fig. 2.5.—Spermatoiihore In situ upon the lamellated receiving region. Natural size.

Fu;. 2(i.—Rase of the inferior labial lolie of the female, seen from the dorsal side. X 2.

1, 1', levator muscles.

2, 2', approxhnator iiiu.scles.

3, 4, 3', 4', lateral retractor muscles.

5, dorsal median retractor muscle.
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PLATE VIII.

Fig. 27.—Dor.sal view of the digestive organs. Natural size.

An, dorsal aorta, dividing into innominate and l)uccal arteries.

B, buccal nia.ss.

C, C, posterior colunirllar arteries.

Coe, coecuni.

GL, gastric ligament.

H, hepatic artery.

I\ first loop of the intestine around the coecum.

P, posteriorly directed portion of the second loop of the intestine.

I'\ anteriorlj' directed portion of the second loop of the intestine.

lA, intestinal artery.

IL, intestinal ligament.

L, L, left lobes of the liver.

L', L', right lobes of the liver.

Oe, oesophagus (proventriculus).

PA, anterior proventricnlar artery.

PN, PN, pallio-nuchal arteries.

PP, posterior proventricnlar artery.

8t, stomach.

Fic. 28.—Dorsal view of the buccal mass, the buccal nirinbraiu' and cnveloiiing nmscular membrane being cut in the

median dorsal line and opened. X 2,

Ao, aorta, dividing into innominate and l)Uccal arteries.

BM, buccal membrane.

(Xt, cerebral ganglion, giving off nerves to the buccal mass.

DLR, dorsodateral buccal retractor muscles.

DR, dorsal buccal retractor muscle.

L.I, tip of lower jaw.

LJ', posterior portion of the outer tlangc of the lower jaw.

LM, levator muscle of the buccal nui.'is.

M, mandibular muscle.

MM, enveloping muscular mcinbrane.

N, nerves to the buccal meiidirane.

Oe, oesophagus.

UJ, upper jaw.

X, buccal membrane, passing onto the base of the superior labial lobe.

Fid. 29.—The buccal mass turned ui)ward and liackward so as to show its ventral surface and the dorsal surface of

Van di'r Hoeven's organ. Natural size.

Fm. 30.—Side view of the upper jaw. ^' 2.

Fh;. 31.—View of the inner surface oi hall of tiie lower jaw, cut in order to show the small inner tlange. X 2.
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PLATE IX.

Fiii. .S2.-—Alimentary canal opened alon^ the (lnr«d side. ^Natural s-ize.

Al', anterior prelin^nal prot-et^s.

BJI, buccal niend)rane.

C, ciecum, showini!; its ])rojectiiig ianielUe.

HI), ojienings of tlie hepatic ducts into the cuecuiu.

LJ, lower jaw.
M!\I, mandibular iiuiscle.

Oe, o'sophagus.

PP, posterior iirelingual jjroce.'^s.

I'r, proventriculus.

K, radula.

Uc, rectum.
iS, saccular posterior ])ortion of tlic stomach.
SO, .sali\arv jiore.

SP, salivary jirocess.

T, tentacles of the stonuK'h.

Tn, tonsrue.

IM, upjier jaw.

V, vestiliule.

X, ainiarently permanent ridges of the a;-sophagus.

1, 1, intestinal ridge.

2, intestinal ridge.

:i, 3, intestinal ridge.

4, foliaceous ridge.

Fii;. 3.').—Ventral view of the buccal mass, a portinn of its nmscnlar membrane having been folded back. X 2.

Bd, f)uccal ganglion.

BM, liuccal memlirane, cut and turned forwnnl over the li|i of the jaw.

L.T, outer tlange of the lower jaw.

LM, levator muscle of'the buccal mass.

M, mandibular nuisele; this ends ventrally along the edge of the upper jaw.

BIM, nuiscular membrane of the buccal ma.ss.

K', outer cereliro-l>uccal connective.

N'^, inner cereliro-liuccal coiniective.

Oe. M, meudirane snrronnding the base of the o'sophagus ami ci)nnecting with the membrane surrounding

the central nervous system.
OM, part of the membrane stretclied between the ventral Imccal retractors.

l'h.(_i, pharyngeal ganglion.

RL, ligament of tlie radularsac.
KS, radular sac.

VI5K, ventral buccal retractor muscle.

1, retractor of the anterior prelingual process.

2, retractoi' of the posterior jirelingnal process.

.3, :-!, unpaired nuiscle, forked posteriorly, going to the posterior prelingual process.

4, muscle extending into the posterior prelingual iirocess, and also to the portion of the tongue anterior to the

upwardly directed part of the radular sac.

.'), iimscle to the anterior ])ortion of the tongue.

(>, nuiscle to the membrane covering the iirojection of the upper jaw.

7, muscleto the dor.-^al surface of the radular sac.

K, Muscle which probaldy plays a share, at least, in the ojieuing of the jaws.

!>, origins of nuiscl(>s 1, 2,' 7, upon the inner surface of the muscular membrane.
Fio. :!4.— Dorsal view of the buccal ma.'^s, the enveloi)ing muscular membraue having been cut along the median line.

The view is al.-^o .somewhat from liehind. X 2.

A, branches of the suijerior mandiliular artery jienetrafing the mandibular nmscles.

I5M, buccal uiembraue, also slit open dorsally.

Ij.7, tip of lower jaw.

M, mandibular nuiscle.

M.M, nuiscular membrane of the Iniccal mass.

(.)e, a'.sophagus. swollen at one i)lace by food wliicli remained in ii wlicn tlie animal died.

r,r, tip of the upiier jaw.

r.T, posterior edge of the inner flange of the upper jaw.

Fio. 35.—The radular sac and the lingual muscles of one side exi)osed an.l vieweil from llie ventral side. X 2.

KL, external lingual muscle.

EI/, cut entl of the external lingual muscle.

- IL, internal lingual muscle.

LP, lingual |)rotractor muscle.

K, radular muscle.

K' i-ut end of tlu' radular muscle.

Ka, radula.

H8, radular sac.

5, septum extending from the dorsal median line of the tongue to the muscular membrane just above tne

ra<1uhir sac, wliich has been cut away from the exposed side of the jireparation.

T, tendinous area where the lingual muscles join.

X. division of the septum.
Y. point of the upper jaw to which the lingual protractor is attached.
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PLATK X.

Pi,;. 3(5.—The ventral portion of the body wall is cut open ami ri'tlccted to show the iierirarilial chamber. Natural

size,

a. br. v., anterior branchial vein; in this case collapsed and not formintr an auricular expansion,

a. p. g., anterior pericardial gland. The one to the left lies naturally; the (Hic on the riirht has lieen turned

upward to show tlu' anterior branchial vein.

H, heart, enfolded b.y the pallio-visceral lijianient. The .septal arterv runs over its ventral surface, suspended

In' a nie.sentery-like fold of the pallio-visceral li.aament, and through the posterior viscero-pericardial

apei'tui'e.

j,
junction of the body wall and the pallio-visceral ligament posteriorly.

1, ligament from the ventral edge of the posterior renal sac extending along tlie body wall,

p. a., jiallial artery.

p. br. v., posterior branchial vein, partly expanded,

p. p. g., posterior pericardial gland.

p. v. a. b., posterior vejitral aponeurotic band.

p. v. 1., pallio-visceral ligament. The three apertures through it by which the pericardial and geuhal divisimis

of the co'lom are put in communication are at either side of and behind the heart,

p. v-p. ap.
,
posterior viscero-pericardial ajierture.

pyr. s. ,
()yrif(M'm sac.

r.s., anterior wall of the right posterior renal sac.

Fig. 37.—Renal ajipendages from the posterior wall of one of the renal .sacs. >. -.

Fig. o8.—Male genital organs viewed from above and in fnmt. Ttu' anterior |iortion is represented as dissected fnnn

the body wall. Natural size,

ac. gl., accessory gland surrounding the vas deferens.

ao, aorta, passing upward from the heart at the liack of the lucmoco'lir in.-mlirane-

g.l., genital ligament,

gas. 1., gastric ligament.

1, intestine, cut at the middle of the second loop.

II., intestinal Hgament.
P. ap., external opening of the penis.

P. 1., left tube of the penis.

P. r., right tube of the penis.

p-v. 1., pallio-visceral ligament .at its attachment to the posterior side of the heart,

pyr. ap., external aperture of the pyriform sac.

pyr. s., pyriform sac.

r., rectum.
Sep., septum dividing the speniiatophore sac.

sp. s.,spermatoiihore sac.

S. v., seminal vesicle.

T. ap., aperture of testis.

T.g., face of the testis winch is pressed against the stomach.
T. I., face of the testis which is pressed against the liver.

V. d.', proximal thin-walled portion of the vas deferens.

V. d.'^ conimenceinent of the thick-walled portion of the vas deferens, which extends from this iioint to flic

seminal vesicle.

X, tliickening of the tissues of the genital ligament (ixtciiding from the root of tlie siphuncle.

y, tunic of the accessory gland carried upon the back of the testis.

Fio. 39.—Female .genital organs viewed from in front and above. The anterior portion of the ovary rests upon the

pallio-visceral ligament. The heart and auricles show through the viscer(i-|)ericardial apertures. Natural

.size,

ao, aorta.

ex. ap., external aperture of the oviduct.

g. 1., attachment of the genital ligament to the |iostcrior body wall,

.gas. I., ga.stric ligament.
I, intestine.

I.b, inte.stinal ligament.
1 a., line along which the hsemoco'lic membrane is altacheil ventrally.

I. v-p. ap., left anterior viscero-pericardial aperture.

(»v., ovary.
Ov. ap., a[>orture of the ovary slightly pulled away from the imier apcrliuc of the oviduct,

ovid., thin-walled portion of the oviduct,

ovid. aji., inner aperture of the oviduct.

ovid. pap., plaited, freely jirojecting tip of the oviduct; tlie ovidncal papilla,

p. an., posterior auricle.

pvr. ap., o|iening of the iiyriform sac intip the .mantle cavitv.

pyr. s., |.iyriform .•^ac.

r 1, ligament attaching the rectum to the jmllio-visceral ligament.

r. v-p. ap., right anterior viscero-pericardial aperture,

s, nodule in the genital li.gament at the root of the siphuncle.
Ki(i. 40.—Cartilage viewed from the anterior side. Natural size.

c, ce|ihalic process,

i., infundibular ])rocess.

1. i., point of attachment of the levator of the funnel,

m. p., median process of the body of the cartilage.

V, v', holes thr. High the cartilage occupied by vein.s.
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PLATK XI.

Kii;. 41.—Nervous sy.sk'in, distrOcted and vit>\vv<l fnnn tlir dursal side. X 2.

1, nurve to niaiidilndar lunsclc.

2, pharyngeal commissure.

o, nerves to niandibutar muscle. .

4, pharynsieal jiauglion.

5, outer cereliro-buccal connective,

(i, inner cerebro-buccal connective.

7, right nerve of the inferior labial lobe.

8, infundibular nerve.

9, nerves to digital and sui)erior laliial tentacles.

10, large nerve innervating hood and digital tentacles.

11, nerve of postocular tentacle; the other liranch of this nerve innervates the preocular tenta<-le and the

posterior portion of tlie lnuid, and sometimes digital tentai'les.

12, <.'crebral ganglion.

18, pleuro-visceral ganglion.

14, nerves to shell muscle and the liody wall.

15, nerve to the walls of the vena cava, in this case springing fmm tlie visceral nerve, 22.

l(i. Nerves to the spermatophore sac and tlie genital duct.

17, nerve seeming to goto the posterior wall of the anterior renal sac.

18, nerve seeming to go to the |>osterior wall of the posterior renal sai'.

HI, ]iosterior branchial ni'rve.

20, anterior branchial nerve.

21, nerve to the wall of the vena ca\a, in this case arising ilirectly from llu' pleuro-visceral ganglion.

22, visceral nt'rve.

2S, nerves from the outer end .if the cerebral ganglion to the postcrioi- portion of the hooil.

24, )jase of I he uptic ner\c, which may be a ganglion.

2.">, portion of the optic nerve in tlie stalk of the eye.

2(), branches of the optic nerve in the capsule of the eye.

27, nerves jiroceeding from the cercliral ganglion to the ilorsal side of the buccad nia.ss, some being distributed

to the mandiliular muscles, but most passing to the papilla^ on the edge of the buccal membrane.
28, iiedal ganglion.

20, jiedal commissure.

HO, nerve proceeding to the luise of the spadix. and there ending in an i-nlargemeiil ti-Miii which several line

nerves go to the ti.ssues of the spadix.

'M, nerve to a'sojjhagus.

:i2, buccal ganglion.

''•'.i, buccal commissure.

:i4, nerve to salivary gland.

:!o, ganglion of inferior labial lr>lie lorX'aii der lloeveii's organ)
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PLATE XII.

Fk;. 42.—Central tooth of the radula.

Fiii. 43.—First lateral tooth of the radula.

Fig. 44.—Second lateral tooth of the radula.

Fio. 4.1.—Third lateral tooth of the radula.

Kii;. 4().—Fourth lateral tooth of the radula.

Ki,;. 47.— Fifth lateral tooth of the radula.

Fio. 4.S.—Sixth lateral tooth of the radula.

Fi(i. 49.—Cross .section of a digital tentacle. ('. L. X 15.

C, cirrus.

SlI, sheath,

p,,;. 50,—Lontritudinul section of the ti]i (.f a (lii;il:il tentacle. C. h. X 20.

A, artery.

(t, G, annular grooves between ridges.

LM, fasciculi of longitudinal muscles.

N, nerve.

R, suctorial ridge.

8H, till of sheath of cirrus.

T, transverse lunscle layer.

V, vein.
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PLATE XITl.

I'lc. ."il.—Cross soctioii of a cirrus of the HUi>prinr laliial '.'idU]! ni a Djalc ('. 1.. X 20.

A, artery.

CM, circular uuisclc layer.

E, thickened epitlieliuiii (if the inner (.'nctciriali surface nf th<> annular riilge.

LM, nulially arrantjecl l(in<;itnilinal nuiscles.

LM', outer layer of lon<!itnilinal muscles.

N, nerve.

OM, (ilih(|Ue nni.scle layer.

RM. railiatins transvense nniscle fibres inside llie innji'dinj: iiortion of the anmilar ridsre.

Til, traus\-er.se nuiscle libres surronndini.' the nerve and radiatini; outward 1h tweeii tlie loiiL'ituiliual mnselo?

V, vein.

Fic. .i2.—Longitudinal section of tlie tip of the lirst cirrns of I hi' spadix. ( '. L. X .l-l.

X, nerve.

T!M, alternatini; layers of transverse nniscle lilires.

V, vascular coriuni of the tip of the cirrns.

Kic. oil—Cro.ss section of the hrsi cirrus of tlie spadix. C. 1.. • 7.

A, artery.

N, nerve.

V, \', veins,

Fk;. .")4.—(;ross .section of the fourth cirrus . f the spadix. C. L. X 14.

Fill. .">•').—Lonjritndinal section of a fjland of the second cirrus of the sjiadix. C. L. X f'O,

I'', eiiitheliuni of the dorsal surface of tlie cirrus,

(i, secretory eiiitheliuni,

li, lumen of triand,

X, neck of yland.
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PLATE XIV.

Fig. 56.—Slightly (il)li(iuf cross section of the sccoiid cirrus of the spadix. ('. L. X 12.

A, artery.

G, gland.

(JL, layer of glands.

N, nerve.

V, vein.

Fk;. .57.—Section through tlie slime gland on the sliealli nf the •^padix jierpeMdicular tn the surface. C. L. X -l>.

.\, a single cell of the glandular epithelium highly luagnitieil. Camera lucida i>utliue. Magnifiratinu aliont

400 diameters.

Fig. .58.—Longitudinal section of the tip uf the fouith ciniis i>f the sjiadix. V. L. X 10.

N, nerve.

X, vascular sinuses of the body of the cirru,''.

V, vascular sinuses in the ridges upon the nuter side ni the cirrus.

Fk;. .59.—Slightly ol)liiiue cnjss section of the third cirrus of the spadix. ('. h. x 1-t.

A, artery.

Cr, crypt, with projecting tongue. By following the series of secticjus shown by each row cjf <Ty]its tlu'

manner in which the tongue jimjects fmm the wall nf the crypt may be made out.

CrL, layer of crypts.

V, vein.

Fig. 60.—Longitudinal section of the tip of the third cirrus of the .spadi.x. C. L. X S.

Cr, crypt.

N, nerve.
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PLATK XV.

I'rr,. 1)1.—Longituilinal scctiim nf tin- tip nf tin- f^ci-Diid rii-nis nf tin- spaili.x. ('. L. X 14.

<
;, jjland.

X, nerve.

I'll., lil'.—Longitudinal :-\Tti<in throu-h a rryjit and it,< ton^iue ol the tliiicl (in•u^• ot tlie >jiadi_\. ('. L. X B."i.

Fiii. (iS.—Longitudinal section of the base of tlie preoc-uUr.- tentaele. ('. ]>. X -0.

X, nerve trunk.

N', nerve bundles running along the anterior .side of the nerve trunk.

Flo. ()4.—Longitudinal section of the tip of the ]>reiii-nlar lentaele. C. L. X ~0.

\, artery.

CG, ciliated groove on anterior side.

<i. groove on i)Osterior side.

X, nerve.

n, l)ranch nerve to the perii>herai portion of the teiitai-le.

1!, ridge on anterior side of tentacle.

V, vein.

X, breaking ]ilaiie.

Kk;. («.—Slightly oblique cross section of tlie preoeular tentacle almut (i millimeters from its tip. ('. L. X !•'>.

C(i, ciliated groove between the upper and lower projecting ridges, R and E'.

N', nervi'.

X', nerve biuidles rimiiing along anterior side of nerve.

K, lia.se of ))rojecting ridge.

Ix', U|)wardly projecting portion of the next lower ridge.

•_'L>I)



Memoirs of the National Academy of Sciences, Vol. VUI, .')tli Men Plate XV.

%(iiiiir,\'i-)

/^/G, 64

Fie 65

Fie. 62

FiQ. 63
Fie. 61

L. E. liriflin, Del.





Vol. s—No. .-) 9



PLATE XVI.

Fi<:. GO.—Cross seotion tln-iini:li the iiii<l(nc .if V:in licr lld^ven's oriwii. ('. L. X 8.

I), (liirsal snrt'Mc-c.

A, atrinin.

(t, G, G, glanilulai' )ini'tiiiiis ui tlie orsjaii.

Gn, ganglion.

HF, horizontal fissure.

L. Ia7nina-.

N, nerves to the lamina'.

Sll, wall of the atrinm.

\'F, vertical fissure.

Fi(i. ()7.—Longitudinal section of a gland of Van iler Hiipven's organ. ('. L. X •'!•">.

Fui. ()8.—Cross section of gland tulmles of Van der Hivven's organ. ('. L. X >•>.

Flo. t>9.—Section of the mantle tln-ongli the liases of the preanal jiapill.-c. ('. I., v ]:

G, (t, glands.

IM, inner surface of mantle.

G, opening of gland.

GM, outer surface of mantle.

F, P, l)a.ses of the preanal pajiilla-.

I'll.. 70. -Crass section of the salivary gland. ('. I,. • a).

.\, artery.

BS, hlood simis of salivary process.

N, nerve.

O, opening from the central cavity of the gland to ihe pharvntreal cavitv.
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PLATE XVII.

Kra. 71.—C'rosa section of the nerve ni a difjitai tentacle, liorax cai'niin<' ami Lyons bine stain. The ganglion cells

in red.

Fig. 72.—Epithelinni of the inner side of an annular ridge c.f a di<_'ital tentacle. ,\lso two isolated epithelial cells

from the inner surface of the ridge.

Fig. 73.—Section of the secretor}' epithelinni from a glan<l of Van der Hceven's (irgan. The secretory cells had sep-

arated from the snbmucosa, revealing the sensory cells which lie between them. As the section was

somewhat oblique, the outer ends of the cells are not shown.
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