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1 INTEODUCTION

“What has not been written concerning the erystallinestyle,
and in how many ways has not the miticd of man sought to under-
stand its true meaning, and to met Lo the bottom of its nature?”

With these words a recent mvestigator (Matthiag, 1) sums
up well the history of the erystalline style of the FameHibranchs,
Few molluscan structures have excited more interest among

P Eubmdtted ss thesis for the degree of Deeiar of Phitosophy, June, 1917,
* Translation is mine.
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scientists than this singular organ, and yet, where deseribed in
many of the modern text-baok 8, 1bs funetion is ignored or held
more or less doubtful. Tt seems that we. really know littie more
regarding the biological rgle of the crystailine style than we did
two centuries ago, A survey of the literature show : that the con-
clusions of the many investigators are decidediy contradictory.
Much of the evidence ndvanced is not well supported and the
ecnclusions in many instances are ML FUesses.

[t is to be noted, furthermore, that some reeent authors (von
Firth, '03; Gutheil, L Matthing, “t4; Allen, 14, and others)
have accepted the work of Mites (01 as conclusive. The inves-
tigations of this seientist were comprehensive and carefully con-
ceived as far as they were carried out. However, as we shail see
later, much of the eredit given to Mitra rightfully helongs o
earlier workers. e pives no sarvey of the fiterasture beyond the
theories presented in four text-hooks, and some of his eonclusions
are untenable in the light of move recent mvestigations.

The present contribution s an attempt to bring all known
data under one head and to atiack the problem from EVEry pos-
sible angle,

My own investigations, together with such resulis of othes
workers as are applicable, will be considered under the muain
topies of morphology, histology, phesiology. embryvology, ecol.
ogy, and evolution.

The erystaliine style

In figure 1 is shown a freshowater mussel, Apodonta grandis,
dissected to show the erystaliine style and the part of the ali-
mentary eanal inschich i islodged.  \sthose structures as found
i this species nre fairly typical of the more common lamelli-
branehs, Anodonts will be nsed as the type form.

The intestine leaves the posterior end of the stomaeh and runs
In a posteroventral dircetion along the buse of the foot to within
a short distunce of the posterior margin,  Here i turns dorsad
and, making a wide bend, continues dorso-anterioriy through the
hepato-pancress to a point helow the anterior end of the heart.
Here the intestine makes a baekward turiy upon itself, and after
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three more loops in the visceral mass passes to the rectum and
anus,

The first portion of the intestine (the ‘Magendarm’ of the
Germans) which lies between the stomnach and the sharp bend
beneath the heart, consists essentially of two regions.  On the
right side is the intestine proper and on the lefi the groave which
lodges the style.  Since this groove or tube is open at both ends,
in the type under consideration, I shall refer to it as the style
sac, rather than as the styvle caecum, as it is cormonly ealled,

Incompletely separating the intestine and style sac are a dog-
sal and a ventral ridge, forming two ‘typhlosoles” which extend
throughout this portion of the intestine.  The broad surfaces of
these ridges are in apposition, leaving a narrow slit through which
the style sac and intestine are in communication th roughout theip
extent.  The relation hetween these structures is better under-
stood from figure 2, & transverse section through this portion of
the alimentary tract.

The style iteelf, when fully formed, completely fills the lumen
in which it lies. It tapers gradually from before backwards,
becoming » more tenuous thread at the posterior end of the
stylesae. The anterior end projects from the pylorus across the
eavity of the stormach to the apposite wall,

At the point of contact between the head of the style and {he
gastric mucosa thore is developed a plate-like structure of ear-
tilagrinous consistency. Tt conforme to the outline of the stomach
wall 5t that point, and may bear an apical projection near is
center. ln some fopms ‘Pholas, Donax, Martesia) this ear
tilaginous sheet lines the v hele of the stomach, cavity,  As this
structure has not, 1o my knowledge, been deseribed by English
or imeriean investigntors, | prapose the name *pastrie shield.’

To avoid any misunderstanding, there is introduced here s
sruonomy of terms used by the earler mvestigators.  The
crvstalline style of English-speaking seientists is the “stylet

wtaliin, of Barrois 89, “tige hyalin,” of Siehold (48, ‘tige

atline,” of Coupin {4, the CDiinndarmkarper of Hazay
(813, and the “stvlus eristallinus’ of jte discoverer, Anton de
Helde (16%6),
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The gastrie shield is represented by the (Just(lilgufﬁn of
!én]‘mu« ("19}, ‘ Knorpelstiel,” of Hazay ('81}, ¢ dreizackige Pfeil
of Jurdan ('13), ‘fleche tricuspide,’ or ¢ sagitta tricuspis,’ of Poli
11791), and the “stomachal cuticle’ in Pelseneer’s volume on the

Mollusea in Lankester's Treatise.

Historical

A complete chronological review of the litersture dealing with
the erystalline style would be bevond the lmits of the present
paper. A comprehensive digest of all former investigations and
theories i, however, necessary. T shall, therefore, sum up
most of thcsc data, not chronologically, but group the various
authors according as their coneclusions faver one theory or
another.

The following account is hased chiefiy apon the historieal
siwnmaries fornd in the works of Barrois ('89,°00) and List (027,
Wherever discrepancies oceur hetween the sceounts aggiven here
and for all of the tmporfant works, reference has been made to
the original articles.

Anton de Feide 71686), in his manograph of the common
mussel, deseribes the ‘stvius eristallinus’ e refers to the
work of Willis on the oyster, six vours previcus, in which he
deseribed a strueture anslogous with rhe TRV Wi medy iHae™ of
the vertebrates,  From the text it is probable that Willis re-
forredd not to the styvle, but 1o the typhivsole separating the .
stvle sae and frue intestine.  We are therefore justified In ree-
opnizing de Heide as the discoverer of the arystaliine style,
its function was ignored by this investigator who, however,
hazorded the puess that 16 might be an alimen tary ferinent or
perform some role in the act of generation,

Lister (1696), in his anatomy of hivalve moliuses, p;(nnv» the
stvlus of Peetunclus .f“a;léi”‘*\. and Myviiles marinugs (edulis), bui

gives no appreciation of the struetures or usage o them.
Swammerdarn (1757) relors o i‘fw presenee nf' the style in
Mytulus belgious, evidentiv o fresh-wator speries.
Lesser (17441} reviews the lite:
tributions of his own.

SITe 10 zi;a.f.«__-, bt adds ne eon-
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The first tomprehensive Investigation of the nature and
funetion of the erystaliine style was made by Poli {1791 ~¥53.
He deseribes accurately the appearance of the Style and itg pelg.
tions to the rest of the gl imentary system,  He way the firet, to
note the presenee of the gagtrie shield, whioh he likened o a
cartilaginous three-pointed AXTOW, ‘sagiffg tricuspis,” borne on
the head of the style.

Invest-igati.ng the physiea) and chepies) Properties of the
style, he found it to he soluble in wator and congilated by hoil-
ing water and aleohol.  He believed that 1t served jp SOl
way to regulate the flovw of “hiles from the bj Hary ery pts. Cuvier
{18053) adds nothing new, but admite the conclusione of Poli,

From this point on ip vestigntors are w MUMerous that it o
hest to classify then, according (o the theory whiceh they sup-
ported.

A An organ ol suppaort. Frorm ite position in the z-dé].nnntzzry
tract, Carus, (157 S, belioved st tr be o vestigo of o splanchnic
skeleton, bomologoys With the teeth of the seqnurehin Garner
C41) believed ity funetion Was fo pive rgidity to the foot,
DeBlainville C48) elaimed the stnaltanens exizteTice of BVl
styles arising in (e SINUses of the biliary canals. He had
nothing to Say regurding thei, e,

B. A cchanical Jurictions. Mecke] (04, constdered homal-
VEOUS With the redylg of the ("‘feplmlf;;)hmw:e, and Consequent]y
an organ of Masticating, Garner (47, agreed with this n-
terpretation, ay thought 45 the points of the pastrie shield
served to modife (he fiya of "hile as fipat held by poj;. D
shayes (43) oives good figires of the pastyie shield whiceh he
believed 1o bhe portant. iy nmstication, Clark (50 thought

that the style acted e Aopestle to gring up the ;lﬁ]]’l{.‘t?tfl-l‘}'
matier,

Huxley (73535 was the first to consider the styvle an epithelin]
secretion,  Ha Savs, regarding the style of E.’i,f-»r:.w{:'fr:m

The el of e Sl i apposed by one or 1y carfilaginans plates
(the sasirie shiol Boupon the Privicip) elevation, 1y BEEME probable
thas the SEvTe js seppeip) by the walls of the pelape CRECWIN, and fhag
1 plays the 1ol of w gastie plite v aid gy aoinding upy the :z_Iir‘zm]f':rsr_v
Neatter, though jte brunsparens g, delicaie strupi Seems i fited
to this purpgse.
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Milne-Edwards (7539} believed that its function was to stir
ihe contents of the stomach during digestion. Hessling in the
same year agreed with him that the style was an epithelial
wervefion. Both evidently were ignorant of the earlier work of
Huxtey,

Vanstone (93) thought that the style was homologous with the
stamnnch plates of snails and served to grind up the food.

Subatier (777), in his monograph of the common mussel, gives
the first exhaustive histological treatise on the style region. He
reeognized the two ridges, or ‘typhlosoles,” incompletely Sepa-
rating the style sac and intestine, and their relation to the
<ivle. Iis study of the heavy eiltation of the wall of the «f vle
e led him to believe that the food of the mussel was caught
hetween the cilia and the style, and mixed and rolled around,
the style playing the part of an organ of mastication.  Ile con-
-ideved that the epithelium of the stvle sac served for the ab-
sorption of dissolved matter. He did not suspect the vesl rola-
ton between the style and the secretory epitheliwn which he
deseribes,

Codn ard lo absorption.  Krunkenberg (86} comsiderad the
stvie to have a funetion similar to thuat of the typhlosole of

Tumbricus, pressing the alimentary matter against the ahsorbing

epithelium. Von Firth (83) agrees with this interpretation of
the anatomieal funetion of the style.  Grave (030 believed that
the style of the oyster acts as a plug to prevent the too rapid move.
ment of alimentary materials and to exclude foreign particles of
lnrge size from the intestine.

D, Reserve of nuirimend,  Hazay ('S1) made detailed observa-
tions of the oceurrence of the style in the Unionidae, and distin-
suished the ‘Knorpelstiel,” the gastric shield, and a hyaline
string, the *Diunndarmkérper,” or stvle proper. Aeeording to
his observations, the gastrie shield i very rudimentary in the
pring and sumumer, attaining its greatest size in the antumn,
Lhe style is, in his opinion, formed from a gelailnous mass
‘Magengallerte’) in the stomach. and is pushed back into the
intestine where it remains as a reserve of nuiriment. This e
kept from flowing into the stomach by éhie presence of the gastrie
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shield, which forms a sort of valve over the arifice, During the
winter this reserve serves to nourish the animal.  Hig conclusions
are based on a study of two closely related ¢ resh-water forms.

The presence of such g reserve of nutriment in the Intestine
was held by Krunkenherg ('86) to be untenable.

The inaugural thesis of Haseloff ("8%) is the most extensive
single work on the erystalline stvle,  He studied seven different
forms. but hased his conclusions Iargely upon Mytilus,  After
deseribing the general anatomical relafions of the style, the
author cites experiments in which Mvtili were kept in fltered
and in normal sea-water, Finding that the style grew thinner
and finally disappeared in those animals which were starved,
he coneluded that it must be a veserve of nutriment,

Haseloff was not aware of the work of Hazay until after he
had finished his vestigations.  From his own resubts and those
of Hazay, he coneluded that the style was structure built up
i time of excess nutrition and absorbed in times of want.  As
for its origin, he believed it to he a themieal transformstion of
surplus nutriment, and not an epithelial secretion. Chemteal
tests applied by him showed the styvle to be albuminous in
nature.  He concluded that the presesice of the stvie is almost
universal in the lamellibranchs,

Dubois 0o thought that the stvle serves as nutriment for
parasites useful to their host,

Steropell CO9%) believed the styvle o be lacking in the Nuculidae,
The Tirge gastrie shield which ke found in these farms was held
to be w reserve material, absorbed by the gastrie epithelium and
used G the develapment of the sexual organs,

List (021 i his beautiful monograph of Mytilus, gIves a most
COMPIPDCNEIve tregiment of the subject. "The historieal sum-
mary i< fairly complete snd accurate, save that he does not give

praper credit to some  fopmias workers.  His mvestigations
cover the snatomies] Bistologieal, and certain physiologicat
aspects of the problem.  He was the first (o study the formation
of the styvle I the living animal and found that eolor particles
faken up by the mussels ip feeding were bl up into the body
of the «ivle.
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The nutriment taken into the stomach he believed to be mixed
with the style substance, carried to the hepatopancreas and
dere digested. The eourse of the color granules was traced
1ot the hepatopancereas, back to the stom ach, and thence to the
mrestine, e helieved that fhe style might serve ax a reserve of
pitriment in the Unionidac during hibernation, but that in marine
farmas this nutriment would be superfluous and therefore thrown
wwayv, Matthiss ('14) in discussing List’s ides of superfluous
mirriment, considers that the mussels with all their ascribed
-tupidity are not so utterly “stumpfsinnig’ that they wonld
willingly throw out the nutriment whieh they had so painstak-
inely gathered.

k. Relatwon to the orgaps of generaiion and the process of ve-
production.  De Heide (1686) thought the style might serve
“ome purpose in the aet of generation, byt Zave no reason for his
belief,  Poli (1791) advanced the same theory, also without any
evidence In its support.  In later vears both of these inyvesti-
autors abandoned this interpretation of the funetion of the
style,

After nearly two hundred vears this re jected theory wae again
sihvocated by Cailliaud 036).  He Lel] the Pheladidae to he
hermaphroditic (sinee disproved) and that the style served some
funetion during fecundation.  Carus (1 believed tha the styfe
nmight have some eonnection with the sex Aunction,

Hoffmann (14} following Stempell COR), clitned to have ascer-
tined a reciprocal relation existing botveeen the gastyip shied
wiel the sexual organs, Comparing the mase of the gond, the
wastrie shield, and the stvle. he caneluded that the shield was
notas well developed in mades anid feniales With msture gonnds
s 10 e male specimen where the tostes woro Immature,

Y. Serves as a means of st for e sateinent . lubiricating

Tnnction of  the style. Although the conelusions of  Barrois

i

UBS-100) place his work wnder this head i mst be said in all
fairness that his freatize on the crvstalline sivie of the lamelli-
hranchs is the most comprehensive and aceurate contribution
to the subjeet which thus far has ppeared. Many subsequent
workers have evidently paid but Lttle heod 1o it his results

i
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either being ignoved or else appropriated without giving proper
eredit.  Much of the value of this worle of Barrois lies in the
thorough eritical analysic of all former work which it contains,
The historical summ ary is quite complete to date of publication,
Most of his results will be considered in their proper conneetion
on the following pages, hut it may be said in passing that the
investigations covered an exhaustive study of many forms, deal-
ing with the anatomy, histology, chemieal compaosition, and the
physiclogical significance of the style and its attendant structures,
The weakness of this contribution to the subject lies in Bar-
rois’ failure rightiy to Interpret the facts which were hofore
him.  He observed that the style was pushed forward info the
stomach, there to be dissolved under the action of the gastrie
juice. He believed that the resulting viscous mass formed a
sort of cement, which surrounding the sand erains and other
foreign materials present, enerusted them. and thus preventad
mjury to the delicate Ining of the slimentary eanal,  The gas-
tric shield was believed by him to have o protective funetion
similar to that of the “Trichter’ of inseets.

Pelsencer, in Lankesiers Treatise on Zoology C068) and in
bis own earlier paper 91} follows Barrois, and belisves that the
function of the style = to lubricate the alimentary  nuss,
dScehultze 90) accepts the resulte of Barrois in iheiy entirety,
while Kellogg (92} disnerecs with hoth Barrois and Pelsencer,
sinee where large amoucts of aand e wgested the stvle could
not form a sufficient protectice covering,  Coupin £00) thought
that the mueus of the sivle might serve 1o surround sharp par-
ticles and thus profect {he epithelinm,

G A mass of enzyme. or of sREnc ond mueus. Anton de Heide
(1686, the discover of the stvlos huzarded the puess that it
might be a mass of digestive fluid, but made re attempt to de-
terminie the fact.  Wilson (77) Belicved the stwle to be g mass of

oesophageal mueus amd gastric Jujes, but Jid not demonstrate
any action of the style suhstance oy lond material,

The first atterpt to determine the !
the stvle was mude by Coupin U605 He beleved that the atyle
Was @ mass of wucous substarice, saturated with digestive fluid,

iresence of enzvmes in
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and he demeonstrated’ Mc action of the amylolytic ferments
present, :

Mitra, ("01), with no review of the literature save the theories
given in the text-books of Gege nbaur, Balfour, snd Cluug and
sedgwick, repeated the work done by h arrios, Coupin, and some
athers, and concluded that the stvle was o mass of enzyrae, in
the nature of a globulin.  Appar ently he did not know of the

xistence of the gastric shield., Hig conclusions will Le con-
\l(ft’lﬁd i some delail in the discussion of this paper,

Von Firth ('03) followed Mitr: i, but believed it more reason-
able to suppose as did Coupin {003, that the style wasg o mass of
micus saturated with (Img fases, rather than a solid mase of
(_,n@nm. Matthias ('14;, whose work b sdready hoen consid-
cred, admitted the {'orxehzswm of Mitra.  Allen C14), acespt-
ing the conelusions of Mifra, in 1he m un, showed that the forma-
tion and dissolution of the style wre dependent whelly or in
part on the feeding activities.

I'n-addition to the above authors may be |

whose work is of Jess i mnportines:

Selenks (’68), in the d(‘s(}}')f;ﬂ!i of the atatomy of Trigonia,
notes the presence of 1]‘1(, style, Iving in o blind sae orening into
the stornach.  Egger 87y de serile wothe appearance of the stvle
with its co-axial layers in Jouan e {ia mnmnw’n Crobben (792)
gives an account of the nature of Cthe cilin of the mitestine and of
the styvle sae.  Mention of the « tyle s made by Moguin-Tandos

C85)in the U7 nionidae, and by Blunchayrd (671 i the Pholadidae.

fther invest dgators and their conclurions, not Hated here,
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body of the present paper.
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work with fresh-water forms was done at Madison, using chiefly
Anodonta grandis, Lampsilis liteolus, and L. anodontoides.
These were collected from the near-hy lakes and kept supplied
with lake water,  The marine species were studied at the summer
station at Tuckerton, N. J.. which is situated on the natural beds
of the oyster, Ostrea virginica. Within u few foot of the labora-
tory also oecurred the hard clum, Venus moreenaria, and the
ribbed mussel, Modiolus modiolus.  The bulk of the worlk with
salt water forms was confined to these three species,

In studying the formation and physiclogical significance of
the style, dissections were made of the living animals. Care
was exercized to open the moliuses immediately after removal
from the water, and to dissect open the stomach and intestinal
walls i such & manuer as o interfere as little as possible with the
main nerve commissures.  Wherever ciliary action was investi-
gated the animal was kept in a small troueh under the hinocular,
supplied with a constant strean: of water 2t the same temperature
as that in which it had been living.

Cllfary currents were traced by the movemont of food ma
terial, and alse by the introduction of earmine grains or fine
sand,

Some difficulty was expericnced in sectioning the style sae

sinee with ordinary wmethods of fixation the stvle hecomes o
brittle that it invariably crarobles.  The hest resulis were ob-
tained by fixing the material in Bonin's fhuid, running up through
the aleohols as rapidly e possible, and clearing in Wintergreen
oil, after which the tissue was imbedded m parafhin,
The sections were alnined in Hetdenhain's iron-hematoxylin
and counterstained cither with eosin acid fuchsin, or mucioar-
mine.  Fisation with csmic-neid solutions followad by safranin
and gentian vielet was very unzatisfactory, due chiefly to the
slow netion of the fixative on the rather large pioces of tiasge
necessarily used,

With Bouin's fiuid the fivation of the cilin s almost instan-
tancous and, as a result, the separate eilin stand up clearty and
distinetly, instead of being in a confused nues as usually happens
during fixation,
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2 ORIGIN
Gross structure of the style-bearing organs

Fhe erystalline style and its attendant structur es in Anodonta
hve been deseribed, p. 56, I?m condition found in the other
wroups of the lamellibranchs follows:

The style occurs in its simplest form in the more primitive
wronps, the Protobranchs and Filibranchs  In Nucula, as an
cxample, the style lies in the intestine iteedl, the alimentary
cuniad showing ne indieation of a se puration into two tubes. In
the Filibranchs are certain transitiona! forms.  Ar w, for inp-
stance, contains species which, secording to Matthiag, show the
«:mph\ condition, as in N u(*uiz, and others in which (here ie the
beginning of the formation of 4 separate style sae.

In . s platei the intestine is roughly ovold in eross section
and is :marl\' filled by the style. At one “;,;(1 the intestinal wall
forms o slight groove down which pass the waste materials,
I Arca harbata this groove is somewhnt deepened and, by the
miolding of the intestinal wall, forming two ridges, this Furrow is
partially separated from the part bearing the style.  These in-
fuldings, which represent the typhloseles of Anodonta in their
most primitive condition, are not in apposition in this speries,
bul leave a wide space through which the intestinal groove and

style-besrmg portion are in conmmurie: ation (fig, 3.

.‘\ condrtion intermediste between $het found in these two
species neeurs in Modiolaria narmarata where, secording Lo
st :’_‘{_Iﬁj ouly a very slight info fding of the intestinal wall
seeurs. The epithelium of the alinent v tract is covered with
frge and powerfu] cilin, by means of which, on the e hand, the
stvle is pushed forward ints the omaieh, and on the ather, ithe
waste matter is passed outvwnrd, By continved growih and dif-
lerentiation, the epithelial infoldings of the intestine develop
braad flat surf 'wm which cone into apposition and separate the
Hitestine from the styie swe save for o narron shit, as found in
\nodonta (fig, :2'}. Coineidrut with thes changes to form the
tephlosoles, the epithelium of the A
thrawn up into a series of tr: ANSverse folds,

WwAring region beeornes
extending thronghout
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the length of the style sae, forming s series of "bearings’ upon
which the style rests {(figs. 9, 10). :

The typhlosoles vary in size and position according (o the
species.  In the forms examined by me they are dorsal and ven-
tral, and thus separate the alimentary canal into right and left
halves as far as the end of the style sae. In all these species I
lnve examined, the ventral typhloscle is the larger. As n re-
sult of the bending of the alimentary canal the typhlosole, which
ix dorsal at the anterior end, becomes ventral throughout the
posterior half of the style sae. T shall, therefore, speak of the
fvphlosoles as major and minoer, rather than as dorenl and
ventral,

These structures gradually diminish in size from Lefore
hackward, In an adult Anodonta, 14.5 em. long, the majer
fvphlosole measures about 3 mm. across at the anterior end,
narrowing down to 2.5 mm. at the posterior end of the sae,
The minor typhlosole measures 2 mum. and 1 mam., respectively.

In the species which have just been considered, where the
style enecum and intestine are completely separated, the two
fubes merge into one at the end of the style-bearing region,
Where the separation is more nearly complete, as in some of the
Prionidae a small diverticulum oceurs at the end of the style
sae at the point where the intestine makes the sharp bacloward

Fig. 3 Area barbata; travavers
to the stomach (Matthias, fip,
Aoervstalline style,

Pig o Ancdonta cellensis; pla
anterior portion of int
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bend beneath the heart.  In some forms (e g., Mytilus pallo-
provineialis, according to List, '01) this divert tieulum is pro-
lon ged a short distance posteriorly as a blind sac distinet from
vhe intestine,
Fhie style sac in certain of the higher lamellibranchs has bo.
cme completely cut off from the intestine, forming thus a dis-
rinet caecum.  This is entirely inde ependent of Lhe intestine, and
apens into the stomach by w separate orifice.  Sieh 4 condition
s found in Martesia (fig, 5,
ts has been pointed out by Matthine ( . Lhere exist) ther
fore. three distinet types of Jamellibr mdp as regards *he=pm3~
tlon of the stvle, with transitional forms my wking o oraded series
from o to the other., Fiest, thoss “\pf{il‘«l which the intestine
itell bears the style; sceond, those in which {he style sae and in-
testine form two tubes, in ('wm';iei'vi\" separated by the tephlo-
soles, and finadly the forms in which the Ay le
diverticulum distineid from the :1.1t'=.-wf.;';}e‘z proper,
The epithelium sround the obeaing of the <tvin e into the
omach 1w raised into a ving which forms o sort of “bushing'
ahout the a'i‘y’le When the fatter i fully formed i fite this 07l-
fee sosnugly that no particles from the <tonach « qu dpa-sibly
piss between the stvle and the wall of the shestl - even if the
eifective stroke of the eilia were in sieh o direction as to permit it
Inthe forms where the intectine and style sae are incompletely
separated by the tvphlosales, {he major typhlosole extends an-
feriorhy mtn _f‘(' stontach, fmnm g =ort of 6 i"wwl 2 as In Ano-
dorts or a long videge on the ventral wall of the stomach as in
Mowslus (fig. 127 Ofher el libranehe <'f,‘s;;arn;§"1s-u_i have shown
i «nwﬂ"‘-*af. sitnilar prolengation esf the major tvphlosole.
The stomach presents the most dvepse maodifications in the
nhalm'uai: spes i

200 axists as oo

B

I ogeneral 30 1s an elongated, oval sae, the
rterad walls of whieh are m e ar less compressed. Various oul-
pocketings of the epithelinm are Dresent,

axually in connection
with the

Hees of the hw]u:ms- duets. The number of these
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The epithelinm of the stomach iz thrown into many folds and
pidges, with deep grooves passing between them. Figure 16
cives the appearance of the stomach of Anodonta when opened
slong the right margin of the dorsal wall, and spread out fiat.
£ also shows the relation of the two orifices, opening side by side
and separated by the typhloscle, and the large deep groove lead-
ing across the wall of the stomach and entering the intestine
Proper.

In some formg a portion of the stomach is more or less sepa-
rated by a constriction, forming, in Anodonta. a pouch-like di-
veriienlum on the doreal side (fig. 1) or o distinet cascum ex-
vending the length of the stomach, beneath its ventral wall, as in
Modiolus,  This blind sav performs in Che Ialter genus, a very
important function, ag will be shown later.

The gastric shield

On the anterior wall of the stomach, at the point where the
ayle comes in contact with the mucosa 12 a singular stracture
which I have called the gastric shield.  This is a thin, plate-like
<heet, a8 clear as glass, and of the conslstancy of cartilage.  In
an adult Anodonta 1t measures approximately 2 2 A5 mim. it
prentest exfent. It assmmes many diverse forms in different
specias, bul in general T find three main lobes, and a blunt
apical projection (U, 11y The edges of these Johes are firmly
held between the folds of the epithelium. and, in some species at
least. the horder of the shield dips down into the erypts of the
hepatie ducts,  Inosome instances a sharp spur of the shield may
mn for some distance into the crifice.

The colls beneath the shield are, according to Gutheil %11)
the ondy colwmnar cells of the entire slimentary tract which are
deveid of cilin.  Their funciion s o secrele droplets of & eolor-
fese mntter which harden to form the shield.

This strueture iy closely applied to ihe epithelium lving be-
neath it and, as it rests between folds of the stomach wall, it
presents an outer surface concave in outiine.  In Venus an.out-
ward projeetion of the epithelumm forms o sort of tubercle which
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nets as a brace for the shield. In Ostrea the smallest of the
three lohes is coneave on iis upper surface, forming a bowl-like
,('ich’\*mﬂ

tn Donax, according te Barrois, the gastric shield covers
pearly the entire wall of the stomaseh. At the erypis of the
nepatopanereas it dips down Into (he orifices snd lines therm,
..\I:musm, {fig. 7) exhibits tne same tvpe of shield.

In all cases which I have examined the shield bears nt its
apes: a biunt projection of mueh heavier nature tha the lobes
themizelves, Under natural conditions the head of the style is
directed against this projection, while the food mass around the
yle is in contact with the lateral lobes of the shield, The
sipnificance of this will appear later.

Nervous and vascudar conneclions of the tyle soae

According to Sehwanecke (133, blood is =y pphied to the siyle
sac and other parts of the alimentary canal through the visceral
artery, a large branel which leaves the anterior aorta Juist ven-
trad the stomach, and courses posteriorly to the upper part of
the Intestine and style sac. Here it divides fo form two large
trunks, which in turn supply the greater part of the alimentary
eanal. Most of the blood going to the intestine is enrried to the
yphlosoles.  Here thera wre no true capillaries bhut the smaller
arteries form large lacunse benesth the epithelium.  Asaresult,
an almost continuous bacmal eavity is formed in close LORTe-
ticr with the secretory and eflintod cells (fug. 77,

The venous system is less woll defined than the arferial,  The
biood from the Tacunae i collocied by several arge veing and

e ”*(l to the sinns venosue,

amellinranchs. secording 1o Pelsoneer (Lankester's
Treatise) have no zlztie‘.*r'{ﬁn'ia.# ed stomatogasirie nervous system,
Nevve sirande (o the alimentary consd are given off fram the

an feees of the two braiches of the corebroviseoral COMTIS-
stire. More recently, Splittstaeszer O190 reviewing the work of
Keber and Thive
Presenied o caref

ruoy on the nervous svstem of violloses, has

al andd extensive investigation of the npervons
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system of Anodonta, cellensis, Acecording {o him, three gastrie
nerves arise from the cerebrovisceral cominissures of each side,
Just posterior to the cershral ganglia, These send  brancheg
to the oesophagus, bhut principally supply  the wall of the
stomach.,  As n result of the intererassing of many nerve fibers
there is formed here o “solar plexus’ fronmi whicl fibers extend
downwards to the wall of the intestine and style sae.  This
latter region Iy, therefore, in close BERVOUSs  connection with
the anterior centers of control,

Hestology of the syle sae qnd dccompanying organs

By far the most extensive aid careful part of all former work
on the crystaliine style has been concerned with the structure
of the eclls of this vegion. When one sees the long eiliated cells,
with their Lirge distinet nuelel, hesides the several Types of se-
ereting eefls, it does not seem strange that o many investigators,
setting oul to study the style moall its relations, should have
been sidetracked by the beautifyl histologieal material hefore
them.  Toasmuch as the present problem les rather in the
realm of physiol oy than that of hisg ology, T shall consider here
ondy such details of ecl] struckure as are necessary to understand
the mechanism, for the seeretion and movement of the styie.
For a more complete account of the histology of the alimentary
canal of lnmellibranchs the resder s referred {0 the works of
Sabatior (77, Barrois ¢ 893, Fist (023, and Gutheil i1y, An
extensive treatise on the structure of eilinted cells, and the
mechanism of Cary setion with special reference to the typhlo-
sole of Anodonta, will be foumd i the work of Erhard (1.

Figure 2 s 4 transyerse section of the styvle sae and mtestine
of Lammpsil anodontaides. showing  the typhlosoles  inecm-
pletely separs ing the {woe tubes, The typhlosoles are highly
vaseular, and are compased of Joose conneetive tissue lying be-
tween the lacunae or haemal spaces. Very few nuelei oeeur here,
Lhe epithelium of this region is composed of a single layver of
long eilinted eolis resting on a basal membrane, The evtoplasm
= usually filled with many refractive granules and staing rather
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lghtly,  The nucleus s very large, s situated proximally and
may contain one oy two nucleoll, Vacuoles or granules of ab-
corhed food material ofien oceur in the eytoplasm. From the
distal end of vach eoll project o number of large cilia, the basal
(hers of which extend down some distance into fhe eytoplasm.

Beneath the basal membrane are hands of museulature in the
carnivorous Septibranchs, but in the other lamellibranchs, as
nointed out by (ruthel U eiliary scetion hag entively re-
phiced peristalsis, henee museular clements in this region are
laeking.

Iving between the gilinted cefls are two other types, namely,
wereting cells and mucous glands. The seeretory cells are of
long goblet-cell type. and when filled with secretion are greatly
distended. They aceur most numerously in the minor typhlosole.

The nieous glands are lerge unicellulsr stractures which take
a deep red color with mucicannine, and are sharply differents-
ated from all surrounding eells. The nueleus Hes near the base,
and when the upper portion of the cefl becomes flled with
mueus 16 1= 20 distended as to appear ovoid or nearly spherical
i shape (flg, 139, These glands in Lampsilis are confined to the
minor typhlosole and the intestine. T liave never found them
i thic species in the major fyphilosole ov the stvie sae tfig. 2)

Where the minor typhliosole joins the style sac there is o strik-
g madification of the epithelium., The surface of the cells
dips down to form w furrow which extends paraliel to the typhlo-
p. The eolls hordering thiz grosve are twice as long as the

!
siher cells of the alimentary eanal, are very narrow, and have
Liree, densely staming nuelei. Their distal ends bear few and
small eilin i 135 In favorable material great numbers of
siobiiles of 5 substance staining like the stvle are found in and
hetween the eells.  In figure 34 many of these globules are
shown beneath the epithelivta. At the surface some of these
drops have eoaleseed to form a mass which cements the style to
fhe epithelium ot this point.

The epithelium of the rest of the style sae differs markedly
from that of the above region in that it s eornposed of shorter
md thicker cells,  The nuelel are large, rich in chromatin, and
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lie close to the bagal membrane, Most striking of all are the
great brigtie-like eilis on 1h(=<o cefls. - Of such size are they that
one gains the impression that the very ends of the cells them-
selves have been drawn out into the fiber. The distal portion
of the cells is very rich in pminpi winie material which staing
deeply, and forms a dictines regiog extending from the groove
on the dorsal side, entire Ay around the style sae to the edge of the
ajor typhlosole (fig. 2y, A hetter coneeption of the eilia on
th(—fr}(z cells may be gained from figure 10, which shows » geetion
through the style sue at right angles 1o the transverse folds,
The oaly colis of the epithelium of the stomach which need
coneern us are, {irst, those on the folds of the walfs s and, second,
the cells which He hn;w ath the gastrie shield. ilm hmm-r, ae-
cording to SBabatier (771, are mueh more heavily eciliated than
the surrounding furrows. The Fatter, following Gutheil (113,
are the only columnar colls of the entire alimentary tract which
are devoid of cilia.  Their funetion is to seerete globules of a
clear fluid which hardens to form the gastrie shield,

The ciliary mechanism

3&1\\‘1‘}(‘-1“9 m the anbinad kingdom i eilis iy activity brought
to the high degree of develspnient and rom iplexity that i attains
in wome of the mofluses. Not only has it replaced museular
peristalsis in many of thm( forme, hzﬂ, as s shown in the expel-
lent works of Allen (14 and Kelloge (151, the lamellibranchs
Ve develiped \'vr}: (fﬁ"'in.'fimn- and delicately balanced modes of
feeding, entrelv by the use of eilja
Adlen tound thas the quality of the food permmitted to enter
e nouth = contralled by Bringing inte action one or the other
of two opposed sets of eilia. These are situsted on apposite
iaces of the fransverse folds of the palps.  Aceording as these

folds Bie i their vormal position or are erected by reflex mus-

cular action, the food matier entungled in mueus, i directed
it or sway froe the mouth. By means of this mechanisn,
<tredims of food material which cantain too large a pereentage
of foretgn particles are directed hackw ards, and enter the re-




of all are t)a
are they thay
Lo cells the.
datal portion
I which stain.
o1 the groove
Dedge of the
" the cilia on
wE A seclion
cerse folds,
howhich need
Cand, second,
Lo former, ge-
ctliated than
cutheil (11,

Lract which
wlobules of 4
{

vity hrought
hat it attaing
el museular
in the excel-
meilibranchs
ed modes of

ted to enter
ar the other
on opposite
ing as these
reflex mus-
is directed
mechanism,
percentage
iter the re-

CRYSTALLINE

STYLE OF LAMELLIRRANCHS 77

rrent ciliary ehannels leading to the base of the incurrent si-
jony whenee they are expelled,  The mouth ig a slit-like aperbure
Soned between the palps. It is provided with musclos by
s of which it may be closed in ease any objectionable matter
cers by the palps. No far as [ know, no one has followed the
shary mechanism beyond this point.

The oesophagus ig a thin-walled tube, doreoventrally com-
aressed. 1is Inner surfaee is furrowed Ly & number of distinet
agitwdinal grooves, ove of which is very much larger than the
athers. Where the oesophagus joing the stormach the epithelium
suised to form a distinet ridge enciveling the orifiee: in FEamp-

-ili= this ridge forms a sort of shelf on the veniral side, whieh

srojects into the stomach, nearly to the eastrie shield.
il of the fengitudinal grooves of the oesophagus end st the
<tomach exeept the large one, which extends across the loft wigie
of the ventrad wall of the stomach to the base of the gastrie
~hield.  The cilia in the oesophages earry the stresms of food
material up to the shelf-like projection in its ventral wall and
b= up the large furrow to the base of the gastrie shield,

The {ateral x‘cﬁ]h oi the stomach in proximity to fhe gastrie
Livid Bear tufis of very powerful cilia. When the walls are in
their normal position the effective stroke of these is sueh as to
el into rotary motion any material in confact with them. Thic
rofation is in o clockwisze direction when viewing the animal
fromt the anterior end,

MEridges and furrows of the stomach wall, exeerd the region
m;u';i{h the gastric shield, besr strong eilia which L Eop U Coti-
santoewrrents within the stomach,  In geneval these 1 niy he
reenlved inde two 'en:'@é}- giroups: first, those enree

tte on the
csnd raised parts of the gastrie epitheliom, together with
A tresins Drom Hw oesaphagus, which lead Lo the re giomn aroind
e wasirie shicld; second, thaose e':f the deeper grooves and fur-

rovs of the stomaeh wall whicl, save for (‘.R:"‘E:‘.i}ﬁf‘ﬂ‘v? o e m:'{;(rd

Later, Tead into the farge
nizlor fyphlosole and

furrow which passes to the right of the
forms the intestine proper,

odetailed deseription of (he comparative anatomy of the
stomach and the eilinry mechanisms in esch of the famelli-
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branchs studied would lend too far aficld. With minor mod;
fications the ligure and deseription of the stomach of Anodonty
serves equally well for Lampsilis, Ostres. and Venys,

in Modiolus, however, there is an anportant, BCCESSOTY structure
of the stomach which is elosely conmected with one of the fune-
tions of the stvle in this form, That part of the ventral wall
of the stomach which lies between the orifice of the style sae
and the base of the gastrie shield forms » spirally shaped structure
suggesting & whorl of o small shell. Cloge examination proves
this to be o series of conieal arifices, ench connected with & deep
groove (fig. 12Y, These farfows, at first separate, reunite fo
form s tract which crosses the ventral wall of the stomach to the
left. of the cxtended wajor typhlosole, and enters the ventral
diverticulum or blind sac mentioned above {p. 713, The sur
face of the conieal orifices and the furrows leading from them
bear large and powesful cilin, which best in the direction irecl)-
cated by the wivows in hgure 120 The tract formed by the
union of these separate channels bears regular transverse furrowe
which lead to a decp groove on the left side of the major typhlo-
sole. The same structures gre continaed down into the esecan,,
where the transverse furrows beeome somewhat linger,

Figure 15 illustrates fhe appearance of the eaecom when out
along the doreal wall and opened out flat. The major tephlg-
sole, T passes to the further end of the cacewnmn, where it epids

bluelly,  In apposition to it une e cormal conditions is g s
j‘!

av radge, 770 while hetween them the epithelium is thrown up
inio fegular ridees and furrows,

The eifin an the surface of the typhklosole, as well as thase on
the crests of the fransvere ridges, beat inward toward the et
of the caceum.  This halds frue for the vegion I7-T-R of figure 15,
while i the region o7 the eilia on these same structyres
bent in the apposite direction

b the transverse furrons the cilia are very Jarge and pawerful
and beat taward the deep groove which follows the base of the

wijor tephilosole and s opporing ridge as shown by the arrows
‘ ar 5 result of this mechanisn, a particle of debriz
nto the transverse furrews at ary point would be car-
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ried into the deep furrow and thence to the intestinal groove,
In this groove, or the intestine proper, the eoffective stroke of
the cilia is toward the posterior end of the hody, und thus the
waste matter is carried to the outside.

On the broad surfaces of the typhiosoles the effective siroke
of the cilia is inward toward the style sae, and somewhal in o
posterior divection as well, The eiliy ot the faces of the two
typhlosoles are not equally developed in all species. I Lamp-
silis I find that those on the tjor typhlosole are of shout (wice
the length of those on the minor,

The regulur fransverse folds of the style sae, with their grest
bristie-like cilia, have been deseribed (p. 65).  The etfoctive
stroke of these is sueh as 1o put the stvle in rotation in a clock-
wise direetion, and at the same fime to push it anterioriv against
the gastiie shield.

Barrois ('89-290, p. 456) believed {hat the styvle turned on its
long axis while being pushed forward into the stomach. Fiast
(02, p. 2773, wmorng this statement of Bayrois, expressed the
opinion that the function of the iarge cilin of the stvlo sac wag
to set the styvle in rotation, while pushing it forward into the
stomach.  Hoffmann (14, pedidi etates that the style of Tagelus
is rotated by the eilin of the style snc. I the text of none of
these muthors is there any statement indieating that the rota-
tion of the style was serually ohserved. Their conelysions Were
based merely on the presence of the comasial lavers of which the
stvle is built up.

LThe wcevetion aud forpation of the erystalline style

Regarding the point of origin of the erystailine stvle thore is
the gane loek of Himity of opinion among the varions inves-
tigators that eharieterizes (heir speculafions regarding its fune-
tion, In general. ihree soroed npes have heen considered as bei ng

the zeat of s origin: the stomach, the hepatopancreas, and the
epithelinm of the <tvle s

The aninion of Huxley 591 was ntioned in the historieal
summary (p. 5500 Milne-Fdwards 750, i 362} arpued from the
existence of the co-avisi avers of the style that i st be the

i H
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product of epithelial seeretion, Bighteen vears lator, sabatier
: np. 2%, 203, after an exhaustive study of the histologieal strueture
of the epithelium surrounding the style, fognd i hiat the cells of
ihix region were full of an unususlly large number of
mie granules.  He considered that these colls therefore formed
aoseerctory epitheliom destined to furnish the stomach with s
digestive fluid.  Darrois (89, P 308) was of the
vegarding the origin of the style.

Hazeloff U88) and Hazay ('81), whose conel
the historieal summmary (p. 80) believed ¢

1at the style was a mass
of putriment transformed in the stemach by the action.of the
gusivie juice and stored in {he style sac as o reserve.
ranciugions have beern wy

protoplas-

sEme opinion

USIOLS are given in

Asn their
ably disposed of by Bareois ('88), wa
need not eonsider thean furi ey than to sy (hat thev were basad
on false deduetions, snd hayve no valid evidence 1o suppors them.
Drew (01, p. 3520 caye of N urfuka:

e posterior and part of 1he Ligern] wiks
v long and slender epithaiinl ool that

of the stemnseh are formed
oy bt behtly, 1

i thar v, and mrodhly
sponds {0 the erystalline <tvle.  To wcluils i

: . s steneture seddon g
the forma of 5 rod, but, in embrsoe worod i COTHTIOITY Dreae
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List (702, p. 274) fed finely ground color particles to Mytilus,
and observed that these were built up iito the strueture of the
style.  He elaims frequently 1o have seen the style in the proe-
ess of formation, in which the tvphlosales Turnished the seere.
tion in burge quantities. e coneludes (po 2773, “dass der
Krvstallistiel hn Darme entsteht, und dass haupteichlich die
Beersle der saeitlichen Epithelwidste (typholsoles) an seinem
Aufbau betheiligt sind.

Gutheil (11, a5 o result of an extensive udy of the ali-
mentary tract of Anodonta, concluded that n eilinted epithelium
might also be absorptive and seeretory aswell, Hefound eells in
the “Kristallstieldsrm® which were loaded with clear vacuoles
Iying above the nucleus.  These stroctures he i certain were
neither artifacts nor products of degeneration, hut pmterial
destined to beeome the style,  His conelusions are, thersfora, in
entire aceord with those of 1.iat.

My own siudies of the seerstion snd formation of the erystals
ine style were made on the Bving materis! and with stained
sections, 1t is evident from these ob=ervations that List wag
right in placing the origin of the styie v the typhlosoles,  We
have already seen (

U- 670 that in forms where the intestine and
style sae are ineomplefely separated by the tphlosoles, o short
dGrverticnlam acours 2t the end of the stvie saes This conmmuani-

e freels with the inrestinal eronve dewn which P the
wanie materials from the <iomuch,

B snimals taken during ihe hetght of fecding activity, and
quickly dissectod n thin thread of farge mncus globules may be
fonud fssuing {rony the diverfioulum, At the same time there
miny be seen o string of whitish, rops rreas, whieh s seeveted
by the walls of the intestine for 2 short distance Beveond the di-
verticulusn. The fwo streams unite st the mouth of the diver-
bieudum aud pass anterioriv o the slvle sne,

The eifis here. qe we have already seen. beat so as to put
mbo rotation any matier in contact with them.  Asaresult, the
round or fattened stresm of mueus s twisied on ifzell as it

starts on it wiv towsrd the stomach. thus @iving rise to the
spival arrangement typieal of the smatler, nosterior end of the
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leohigs 143 This apiral structure was recognized by Barrois
it and lustrated in severa) figures.
i1 the stomach minute sand grains, fests of diatoms, and simi-
Laowaste matter, entangled in muens, are beaten by the cilin
i (*:)m} act masses, Passing nto the izit.er.f,:?.neg t".hir.; wms.te

SNV, Dumw pono{if« ﬂt {mrwe f{,odlng SO mod par 1(?(»
dintoms, anicellular algae, eto., eseape from the stomach nmd
pass down the intestine with the sand and dirt.  As this e
.-w;nr{l food matter is less compaect 1t comes to lie closer {o the

sphilosoles, and, if the particles be very small, they may be canght
by othe eilia on the edges of these & ru(ituz( cand carried deross
o the style.  Larger particles, such as the Larger diatoms, pass
dnwnward until they reach the region of the divertiondun at the
st ol the style sac.  Here they are caught by the cilia and
carvied into the stream of mueus at this pomnt, while the waste
muieriads pass on through the intestine.  Thus it happens that
s twisted mucous thread in the style sae 50 often contsins fonyd
prarticles i oa very fresh condition.

it has been seen (p. 75) that in the typhlosoles there are two
tvpes of seereting cells, long goblet £ oeells, and mueous glrim.l:a
v the spiral inueous thread is passed anteriorly from the diver-
enlum, in contact with the edges of the typilosoles on {he
right side of the style sae, the seeretions from (hese uniceliylay
chindsare earried by ciliary action noroas the facenof the typhlo-
sandapphoed toit. Ry the netion of *Iw thonsands of povwer-
b ciia of the styie sac these wlobules of soerotion are heaten
niooa homogeneous mass
Tormns the core,

arownd the mueows thresd, which

Ax this strueture moves anteviorly. turiing on s axis, sie-
wesive lavers of seeretion are added fo i, nuntil as if nears the
Stomach, further additions cease sand the fulle fTormed arvstalline
sivle passes out of the style aac into the stomarh.

The styles of different mdividuals o7 fhe same speeies exhibis

1 most diverse modifieations, depending on i‘f!m. privsiclog

P

al
st of the animal prior to examination, A specimen whieh
wx been starved for some time and then put bnito water contain-
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ing abundant food material will ordinarily show a style of Very
dark color, due to the large central eore of food material. On
account of the irregularity in the arrival of this escaped food
matier at the end of the caecun, this inner core may VALY Cont-
siderably in thickness thronghout its extent (fig, 14). On the
other hand, when an aninal has had abundant foad for a long
period and has not heen actively feeding just prior to examing.
tion, the style may be practically free from all food material
and may possess & very thin core of whitish IO,

Congsiderable variation in the length of the sceretory portion
of the typhlosoles oceurs in different snecies. In some  thie
region, nstead of oceupying most of the extent of the typhlosole,
18 quite restricted.  As n result, the superlicial layers of the style
are applied much as a thick tape tight be wound around g stick
such a condition may ocewr in Mactra where, according to Kel-
logg ('92, p. 402), the outer Inmellue of the stvle oy actually
be unwound from the eore.

I have found a somewhat similar mode of acerelion when
feeding Modiolus & fine suspension of earmine graing,  The cosrse
grains of eolor passed down the intestine o the diverticulinm
where they were built into the central core of the style. The
finer grains, however, were carvied across the faces of the typh-
loscles at one point and applied to the surface of the style
Asnoresult, this organ when renoy e mueh resembled o barber's
pole, with the spival band of hrighi red CArmine graing wound
arotmed if.

Oue interesting smomaly may be deseribed here as shedding
some light on the wanner 0 which the superfieial lavers of the

style are laid down. & sivie of Lampsilis anodontoides was -

found to which an air bubble had hecome attached at some dis-
tance from the end of The =ae. As (he style was rolled round and
round this bubble wie fattened. and over it was deposited o thin
layer of clear secretion cementing the bubible securely in place
(fig. 17).

The description of the formation of the styte as given above
applies to all forme in whieh the stvle sac is incompletelv sepa-
rated from the intestine by the typhiosoles. In the more primi-

125

T
Fig. i

e nefied




tyle of very
nterial. On
seaped food
AV VArY con-
l4:. On the
d for a long

to exarming-
and materigl

~tory portion
uosome this
e typhilosole,
= of the style
reund & stick,
wding to Kel-
may actuaily

cration when

The coarse
diverticuhum
»atvie,  The
s of the typh-
of the style,
fod a barber's
Frains wound

o

vas shedding
tavers of the

ontoides was .

atl some dis-
e round and
wsited a thin
rely in place

glven above
pletely sepa-
P Inore primi-

=

CRYSTALLINE 8TYLE OF LAMBLLIBRANCHS &5

e furms, where the style lies in the ntestine itself and where

here are no typhlosoles, the secretory activity seems to be lo-
catetd dn the two ridges of celle which form a slight, constric-
con Between the style-bearing and the Wa.si‘f‘!—(f;fii"]"j«’i}}g portions
Crhe Intestine. The styles of such species exhibit the same

sy core and superficial tayvers found in the styles of Anodonta,
Vidiolus, efe,

18 Anodonia 8}

HIE mErogve

e, and spread ov

ey mouth of dorss eneey
e oiliated ridges Hinirg the core
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In those lamelibranchs w here the style les in o seDarais
wecum, distinet from the infestine, there arc marked (if Herenees
from the tvpe we have heen considering,  Sinco there is no erse
neetion between the style caecum and intestine, there is no 0D
by which food particles ('nuhi De incorporated into the sruetyre
of the style.  In westigators who have evimined the styles from
this type of moliuse state that food particles are universally
absent from them. In Pholas, for n wianee, following Barroie
U89y, the stvle has o central core of bubbly musous, antirehy
free from foreign particles, 1 find the sume s true of Martesiy,

Mitra 1°01) noted the inner core of food inatter in the stwie of
Anodenta, but theught that it was die 0 ST nperfeetion i
the method of storing the ferinent in the #ivle sae. The absenoe
of sueh an ner core in the styles of Pholes was held to e the
result of a supericr, more differentinted meehanion for storing
the ferment and for passing the food matering ¢ through the ai.
mentary canal,

A further difference i this species lies in the fact thay the
style ds comparatively short and thick and that the analler Adicf
not the larear end projects into the <tomgeh. | have found
this condition in Martesia, wherve the « tyle o of pelatively ppogr
Imens proportions, comprising as it does a Vhrrge po ol (he v
ceral mass (Hel 8 In hoth of These {ormes the st posenbilo
roughly o policenas's elub in “hape.

The velatively Jarge stvle i Teveds and othey bortng molfees
was noted by Tieshs yee LR aned Quat !!‘zmw i,

I have been unabie (o iy any oreference in the fiteratnre g
o the exact location of the seeretor =:zvf,s'-.’ﬂ.v i forma passessing
& separate style caconn. Wo have woen fhat AMites '« B
sition that the hepatopanercas i the wouiee Of This seerotion e
entively opposcd 1o the facts - determuisd for the sprecies {hus
far considered.  That this PEPROSIon b equabiv invalid in the
type under considerntion miust he eyiden, from the zi.fwm%n]‘/'@f
relations of the hep ALOPRRCTONS T il « Reeum. o
Martesis (fig. 8. T my l&sa«v;;ra-@"a B chinne!
which a secrerion from the he atopnnerens conld be oy l
surface of the style, even if the offoe: {
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wortion of the alimentary canal were such as to carry a secretion
o this puint. Furthermore, I find at one side of the caecum 1i-
ol w o group of cells which form o structure very similar to the
cepeting epithelium of other forms. 1t may be eoncluded,
erelore, that where the style exists in a separate caecum It 1s

Glowise the product of an epithelia] secretion.

1
i
H

Embryology of the style und gtyle-bearing organs

Copeerning the ontogenetic developiment of the crystalline
avle the literature is singularly silent.  Heference to it is found
Yothe work of Drew (01 in the passage quoted above (p. St
and algo in the following words,  Speaking of the aliwentary
et of the veliger larva of Nueuda, he says (p. 349y

The cells of the epithelial wulls of the sfomach are of tws Kinds,
Fhose at the anterior end of the stomneh cwrry comparatively few
clia oand those af the posterior end corry proy cilin. At 8 ‘
anne of the cells on the dorsal side of the stomach, near s anterior
cl, hegln o seerete a mnens-like material that extends posteriorly
G othe humen of the stomach as a small rod that nrobsbly represents
e er sta line style,  Later the posterior povtio 1 of the whole ol
Lvision of the stomaeh . . . g given over o secroting th
prerind, but adefinite rod moy not be present.

st

et

In the same vear Meisenheimer deseribed the development of
e ervstalline style in Drefesensin, a borm with o distinet siyle
cacennt. Acrording fo this nvestigator (po 3 the undage of
the style eaccum Hes fu the posterior wall of the stamach, to
he right of the opening of the miestine. This region 1= charae
terized by the presence of very long Bristie-like eilin (hge 53
The epithelinm of the =tomech wali o this point evaginates to
form o cone-dike dopression, the colls of which seerete o sub-
stunce which is formed inwo w thick rod extending mto the
somach (fig. 6). This hlind sae continues to grow posterionly
until it finally forme a long enceunn on the right side of the hody,
i oopens Into the stomach to che right o
The food of she larva of this speclos eonsist: of plankior, bul in
rovseguenee of the presence of hord particles In the atonu
mwidentally acguired during feedng,

oo ooy 4 1
Aioiretthopner § e
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rois’ theory of the protective action of the dissolved style
substance.

My own investigations of the embryological developiment of
the erystalline style were carried on during three summers on
the New Jersey coust, while ongaged in a study of the feod and
feeding habits of the vebger latvae of Osires and Venus.

In the prodissoconeh lnrva of Ostrea T find in the epithelinm
of the stornach the sne two regions, differing o the cilia they
bear, us were dexeribed by Drew for Nueula, Most of the
stomach wall, like that of the cerophagus, Is covered with short,
even cilin which beat ab a uniform rate. Just anterior to the
middle of the stomacly, and situsted on opposite walls, are tws
group= of lomg ot which beat mueh morve strongly than the
others.  They cotncide closely in pasition with those long cilis
which have slready been deseribed in the adult (. 77) which are
situnted on cither side of the gastrie shield and keep the ab-
mentary matter in eireular motion. s was pointed out by
Meizenheiner 201, o 943, the food matersal in the stomach of
the larva s constant rotation under the actfon of the oilia
In Venus andd Uslren this motion is due largely (6 the action of
the two groups of large cilin: it s always oo clockwise direetion
when viewing the anirad from the woterior end. These eilis,
hoth i position and in the direclion of their effective stroke,
correspiond closely . thevefore, fo these found in the adult.

When there veligers are placed In water confaining carmine
griins 1 suspension, they feed upon it greedily and soon £l the
entire alimeniary cansl, 4% the color grains enter the stomach
thoy are caught by the large cilia and whipped info the mass
of particles and muceas whieh & whirling in the cavity of this
ergar,  This eirenlar metion {s not continuous, for the larvae
exhibit spasraadic contractions of the velum and foot, as 8 re-

salt of which the stomach is compressed and the whirling motion

conses for o mament, @0 be resumed upon the relaxation of the
surrounding organs. Dunng the rotation of the alimentary mass
the particle roine or foad matier move slowly posteriorly
inte the epening of the intestine, where they ave eaught and car-
vied downwards, A (hiz stage there s no indication of the
beginning of a separate intostine and style sae,
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<uch a condition is present in the oyster larva for the firgt
week or ten days. As the free-swimming stage reaches its
close, and the oyster larva asttaches itself to some foundation,
he mueous roll of the stomach is represented by a short vod
oxtending backwards into the lumen of the intestine. Mean-
while the intestine becomes constricted lengthwise to form two
rubes.  In an oyster £ mm. in diameter the organs are well -
ferentiated and a distinet style is present. ITn a Ganm. indi-
vidual this differentiation is apparently complete. The styie is
comparatively short and thick and is as clear as erystal. It
shows the same twisted inner core as Is found in the adult.
The gastrie shield is likewise well developed at this stage, In a
CGannl oyster 1t measures approvimately 0.7 x 05w, The
style of a T-mm. oysier measures about 1.2 mm. long and 0.3
am, i dismeter at its widest extent,

At this time the voung ovster has all of the argane for faad-
cetting of the adult and eats the sume food. We may suppose,
therefore, that the style now serves it in the same manner as v
does the adult,

3. NATURE
Deseription of the siyle

The fength of the style is deseribed by Mitra 0011 as fully
three-fourths that of the sniowd. Gutheil CUL) gives o more
conservative estimate, the atyle from an Ancdonta 13 te 14 am.,
measuring from 6 to 75 o Biederswan 010,711 sives the
rength of the style of an adult Anodonta 22 7 to 8§ om, My
owi observations agree closely with those of the last two in-
vestigators, though the Jength of the style varies greatly with
the species and the feeding aciivity of the apimal.

Figure T4 shows the appesrance of the stvle as faken from
Ha sac, with o mass of food materiad attached to the anterior
endd. This figure gives an optieal section through a stvle con-
taining a thick core of food materinl, showing the spiral arrange-
ment of this inner core and the layers of hvaline substance which
have been seereted upon it.
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Iy eolor the crystalline style varies from a elonr, transparent
straeture, like o glase rod, to a deep Brown, opacae rod, the
color of chocolate.  Aside from the presence of an mner core of
food material, which may give more or less color o the styles
of all species not having a separate caccum. the cortical luyvers of

themselves ey contam o diffuse vellow syh.
stance.  In Anodonta and the adull Ostren 1 huve mvariably
found some trace of this color present. pven in the eloarest
styles. In Lampsilis, Modiolus, Martesia, and the VErY young
oyster, the cortical lavers are wsually ax clear ae eryatal,

The composition of the siyle

Investigation of the composition of the stvle by the sgvlier
workers—von Poli (1791). o v OUREY, and Haseloft (885 .
vealed the following faote- gelatinons in consisteniey. the style
dissolves readily in water, 1ore rapidly inosalt solugion, i1
1% goagulated by boiling water, wlechol, and othey protein pre-
cipitants. It gives the delizate KON posetion for atbumen,

and a violet color with the Bitrnt tost,

The most extensive investigntion of fhe strocture and ehern-
cal composition of the eryetalline stvle whish has vet appeared
is found in the work of Barrop (say, chemioal analysis of
the style by Lambling is inclyded i, this paper. The soncely.
sions of Barrais nre Dased not oniy epon many differont forms,
but what i or eqund importanee. upin @ large nuwmber of indi
viduals of each specice. In foliowing 1he color variations of the
stvle this mvesticator Spened avor 8000 imdividuals of Cap.
divm alene, Sinee {his wirk has heen given but seant atdlen.
tion by most subsequent, wilters, the reswlts are given helow ip
some detail,

The style was found to VALY I size with the individual and
with the relative Propartions of the sae or eneenqm, containing if.
The longest style deseribed by Barrois was 7 ia S eml in Ano.
donta ansting.  As fand i the marine fpacies the wivie was
usualy of a pale vellow color while i e Unionidae it wag

fransparent

boand eolorless, oo viarlion was Toynd inn the
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codor i Cardium during the year, heing a deep orange in April
~hen towas most highly eolored.

AMueh variation in the consistency of the style was observed

the different speeies, this difference being corrclated with the
mapidity with which the structure underwent dissolution, As
s in the Unionkdae, Mytihus, and Ostrea, it was soft and
sreiiinous, becoming much frmer in Cardium, Solen, Donax, and
Pholas. The brown inner cora of food materis] was held by
Barrois fo be abnormal, He noted that the stvle of Pholas never
sontained such a structure. The coaxial layers in the style of
s species were thicker near the center and much thinner
snward the periphery, grading from 9 to 35 microns, with ap
weerage of about 14 microns. The style of an adoll Pholas
pata showed from one hundred to one hundred and ten sue-
resxive layers.

In the cortical lavers of the styvle Barrois found small crystal-
ine hodies which were insoluble i water and resistant to acefic
aeidd, These were undoubtedly the same structures deseribed
by Vadpian (67) as erystals of ealelum oxalate.  Since the latter
svestigalor also Tound uric-aeid erystals in some styles, he ron-
Arded (hat the avystallime styvle must have some conneetinn

V3

with the exeretory funetion.  Similar erystals were desaribed by
Hazav 810, as semitransparent, ruby-colored rhombohodrons.

Fohive found sueh erpstals in the stvies of Anodonts and
Oatren. They are usually red or jet Black, the forner sessinhiling
i color the Hpochrome pigment eells in the integmment of the
craviish, These erystalline hodles are net normally present
the style, but appear after partial desice
“bhstance.

A fably complete chemical analv<d:, made by Lambling, s
vlven by Barrots, '89. The style veed was that of Cardium
cidudis, which in an adult specimen is about 20 nim. long snd
weighs approximately 6,026 ¢

Hig analysiz of fifty styvles gave the following vesalts:

fion i the

Weight of fresh styvles 3
Weight diied at 120°C L ITOR
Insoluble mineral matter. e 3025
Sobuble mineral matter o 0 R EE)
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Expressed in percentage weight of the fresh styles gives:

The albuminous nature of the style substance was shown by the
following reactions. The st vles were washed rapidly by decan-
tation and dissolved in distilled  water. The solution wag
neutral.  Cone. THCL Milon's reagent. biuret and Adamkicwioy
tests were all strongly positive.  Boiled with o 2 per cent soin-
tion of H.MCs neviralized and precipitated with aleohol, taken
to dryness, and dissolved i e ater, the style substance gave o
strong. reduction with Pehling's colufion. similar to that given
by muein and chondrin, hat might bave been due to the BHee
charfieation of o, i};"rI1'{){52}.}'?:)0;1, Al sttempts to find such
hydrocarbon were Tutile,

Maillard and Vies 0077 fonnd « shnilar reduction when o aoe
lution of styles cottaining one part to a hundred of sodium
fluoride was fested with Febling's solution,  This reduction,

though feeble, was constant. That it was not due to the pres-
ence ol asugar was shown by o negatlve reaction with prhen yvi-
hyvdrazine,

Horrals tested this reducing setion of the style and found it
(u be cqual in reducing nower o G068 g of glueose, per EI.

Fodry protein maties present. Whatever this reducing sul-
stanee might have been, i was not optically active,

Passing a eurrent, of (0, thye ongh aosolution of styles, and also
saturation with MeSO, after the micthod of Ha;n.nm.z"st.e.u. for
Bicod serum, showed that practically all of the proteid matier
af the style exists ae o globulin,

tn conclusion, Parrois ;)(;ii"'x£‘~= oul as most inportant the se-
tion of hot weak acids on the style, a reaction similar fo t%mt
shenwen by the albaminoid nmffo; of mucin sud chondrin.
be holds, are protein conistituents, which in animals of hzrr her
organization, at least, appear to us as albuminoids which are
more or less non-ead i)'}l zed (dégradés), that is, no lenger fill &

2
Biological réle in the phenomens of ;_,wm-\mi nutrition, and hence
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conmot serve as a reserve of nutriment.  List (°02) agreed with
Jarrois that the style is similar to muein and chondrin.

Mitrn (C01), ignorant of the work of Barrois, repeated mest
. the chemieal analyses of Lambling, using the sivles of Ano-
Aot His resulfs in the main are of a confirmatory nature.
1o =tates that the style eontains no cellular elements, but i=

]

composed of a colieid subgtance.  Its eolubility, aceording (o
Lirn, is due to the presence of a minute guaniity of salts.  Ihs
1ests for protein were similar to those of Lambling and revealed
the same faets.  His chemical annlysis (p. 599) showad shout
w~ por cent water, about 12 per cent of protein (globulind, and
ghout boper cent of salts, whieh v a close approximation fo the
re=nlts of Lambling, )

The eredit for first determining the presence of enzvimes in
the arystalline atyle has been given to Mitra (01 by nearly all
-ubreguent  Investigators,  However, as van Ryonberk (O8]
anints aut, the evedit for this discovery belongs to Coupin (005,
Lis work appearing a vear before that of Mitra.

s short note Coupin gives a summary of his resulis showing
that the style eontaing no sugar or fat, but only wn albumineld
sihiztance.  He concludes: 4

Lo styvlet Crystallin des acdphalos est un sue digestif, un eepéce de
comep e de diastose, coutenant beaneoup ey Pet e st
crise, nelees avee une substoncee ymnguense,  des ST
doute g empécher fa trop rapids dilusion dun shvben dy ¢oede e
contient Pestomae, et peutéire auest & seolutines des pacticlios sobides
ol agent dang eelii-et,

He found, further, thay the o
setion upon egg albumon

Mitra ghowed that an aqueous soliion of stvles
rpid convarsion of g

Cstvle were withouot

ssed n

reh be g
mihe nature of dextrin,  Ite a
1o e similar to that of ptealing No aetic
strated on egg albumen. fibrin, or musele Shors

An extract of the hepatopancreas shee
the style, while the extract of the mid ntestine revenled hardly
adrace of this digestive action.

nediate product

H

slvengen was Tound

noenuid be demens

the same activity as
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The aleohol precipitate from an acueons solufjion of styles
was kept under aleohol for several monthe, and finding that the
ferment power of {his precipitate beeame inereasingly less as
it became more insoluble i water, Mifra concluded that the
enzvme and protein of the stvle were identical.

Von Firth, reviewing part of the Hterature, believed that if
was more reasonable to suppose, with ¢ oupin, that from the
colloidal nature of the sfyle it was really a mixture of enzvme
and albuminoid material, rather than a solid mass of enzvme,

Van Rynberk CO8) repeated the ex periments of Coupin and
Mitra, and extended ther to cover g comparizon of the digestive
activity of the style ‘md the hw;mtupnw s on fats, proteing,
and carhobvdrates,  This author found 1o action upon fats or
proteids, nor lpon waz}mo though starch was quic sh digested,
and row sugar nverted by the enzymes prosont, in both the
stvle aud hepatopanereas,

My awrn investiga ns, as far as enrried out, confirm those of
Coupin and van Rynbe m: and differ from those of Mitrs aniv in
s fur as he reunrded the style as exelusively a mass of NIy,
When digestion is p i‘u((uh ng slowly m A u«?um . oas durimg the
winter, the stomach contains o barge amount of beowy, FOpY
Autd, resnliing pariv from the dissolufion of the style, and
pirily {rams soevetions from the hepatopanereas.  About 0.5 e,

this Bowid was drawn off and mised with an eopzal volume of
@ 05 por cont stuved solution, and the nivture placed w3270
tnonn howr the stareh was complotely iiﬂ’r'ﬁﬁi{‘cf An extract of
the hepatopanerens showod 2 similar seiiv ty. though the aetion
Wik ol nearlyvoas roarid

Mitra extracted | %v wid infestine snd found & very faint amyl-
alvties et of the filtrate. Van Hynberk repeated the work,
but fuiled to contirm his pesilt,

minee vhe seereting glands of the tynhlosoles are all unjestin-
ool e evident ihat Bitie enzyime could be stored in thems.
angexperiment was designed 0 aveid this possible

ror The typhlosales, togother with the wall of the
wearetuliy removed from an adult Anedonfs.  That

d0the hepatopanereas was disenrded, and the rest, after
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CRYSTALLINE $TYLE OF LAMELLIBRANCHS a5
i wihing in distilled water, was placed in a vial with & small
,Jj‘:i-.‘[!‘t!'l'\-' of the molluse’s bload. A few drops of the elyeering
el wenty drops of a 0.5 per cent starch solution were added and

cvial placed at 32°C0 At the same time a control containing
@wmi ned stareh was also putin the tneubafor, The object of put-
e fhe( issue i the blood was fo give the celis s chance to sec rete n
snall amount of enzyme while bathed in fuid approximating that

the body.  Affer twenty-two hours the control abill showed
the presence of starch, while in the vial coni alming the tissue 3l
of the starch had been converted. 1t is evide nt, therefore, that,

the enzyme found in the style is seereted by the tvphlozoles, and
Mitra.

Ty

sot by the hepatopincreas as was held by

CApparentiy I,h(‘ molluses which I have studied huve ne oxtra
colllar lipase. Van Rynberk ¢ W8 couid I{ nonstrafe no action
wpon fat, and I have found in the alimen s Sanass i the stom-

arloof Anadonta great nombers of fat gi.(:;'stlie:c, as shown by their
aining reaction with Sudan 111, It is probbie, furtherms
din the researches of (uthei] CHL) and the recont weork

N

of
e, and Dy
phagneyvtes, there to undergo decomposition inte £ e acid and
~'|' eI

The [m} addition which T have made to the chemical auulvas
Lambling is the determination of the total and wafersoluble

mitrogen iy the style.

Ten styles of Lampsilic were woshed rapidly i distilled waier,

dined on filter paper, and \f\-’w‘:;ﬁ:?if‘—(? T ces of distilled warey

sere added and, when fhe

i

e nged s e, ce. ol

protein matter.  The preciniate was fHtere

Ler arsdyzed

WA

vieshed free of all traces of the fltrate. and. with the fjter

digosted in hoiling eone, ¥, O, and the amount of nitroo

dvtermined by the micro- Ki Ma? thi method.  The rosuiie of ¢
speriment follow -

naneT,
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Ten styles, fresh
Nitrogen, per g
pvater soluble... .. D 0.0011
Pwuplwhie 0.0061
Total nitrogen 6.0072

In eriticism of Mitra's conception of the style as a mass of
PUre enzyme, it may be urged that the evidence which he ad-
vanees is inconclusive.  The mere fact that the style substance,
kept under aleohol, lost in ferment power, proves nothing, for
it is well known that enzymes m general lose their activity on
long standing under sych conditions.

Furthermore, examination of the substance of a freshly formed
style with the dark sage condenser shows it to be composed
of small globules of £y irly uniform-size, interspersed with many
very minute globules or prrticles, in the nature of colfoid par-
ticles. Tt is probable that we have to do with an adsorption
phenomenon, the enzyvme being borne on the surface of the
globules of albuminoid substanee,

It may be eoncluded. therefore, following Coupin (003, that
the erystalline style 18 a structure of colloid nature, resembling
muein, and eon taining an enzyme, or enzymes, of strong anylo-
bytic power,

Nature of the gasirie shield

Finally, a few nbservations are necessary regarding the nature
of the gastric shieid subjected to the bigret test, it rapidly
disintegrates under the action of the strong caustic.  On the
addition of the copper-sufphate solution g purple eolor forms on
the surfaee, arading into a pink toward the interior.  This would
ndicate the presence of such substances ag proteoses and pep-
tones. Irom the zonation of the colors it is probable that this
reaction iz due to produets of digestion absorbed by the shield.

Fromy its consistency and action toward the common reagents if
18 probably in the nature of chondrin,
The shield is very resistant to the action of the digestive juices

of the stomneh. 1 have invariably found it present in all living

specimens that T have examined,  If kept in a test-tube with g
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anall amount of digestive juice, it slow Iy softens and, after sov-
el days to a week, disintegrates. Tt is therefore, g structurs,

wihich, unlike the -‘sfyu—}- I not renewed st the commencement, ui
freding aetivity,

The Spirochaetes of the crystalline siyle

A= s well known, the erystalline s style in many species of
i:m‘u\l]ibranei‘w harbors a Jarge spirochaete. which has been put,
v Gross (10} in a separate wroup, the Cristispira, My own
,.lmwwumh have been on Cpix tiepira balbiani sertes, from the
ster, and Canodontse Keysselitz, from Ansdonts A grandls, one
af !11(' largest spivochaetes known, W by they ocenr in the « tvie
and whether or not they sre harmful to the it are
which cannot be consideved in fhe present waork,
i1y are mentioned here onl ¥ because they throyw
fight on the cong teney of the style substanee.
Fxamination of a fresh style of Ostrea or of Anodon s shows
e spirochaetes in great numbers, r‘novim back amnd forth with
their characteristic eork serew motion, The m miorty of theoe
Profozoa oceur at or near the surface of the style, ban apparently
hey have no diffic uity in p wssing nward o the core and back
agam through the substance of the cortical layoers,
\1{m~~ show them in a1l parts fron the core outward
1 Anodonta, at least, theee arganisme are ususlly found in
the ym‘m%t numbers i the bhybl v mieous i the oned hverti-
whm of the style sue. hoe orming much fewer toward e - dotngeh.
f i probable that their presence near the anterior end of {he
syle and in the stomach e due to the continual forwapd nrov
nren 'c)f he former, and not to cheice on the
chaetes

A H{'}‘i]{fhﬂ" peealiartty in theiy distribution Hes in the fact
that the styles of some species appear o he wholls &
tems Such s the ense in the styles of 1. mpssilis ;l_r_T.amig_},q and
Loanodontoides that ] have exomined, w.?;uz;gh Hoone
iwelve spirochuetes wepe discovered in a stvle of |

(juestiong
These organ-
=onie addifionsi

Flved seew

part of the wpire-

{ren

iflstanees

anadontoides,
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Algo, I have never found any spirochaetes in the styles of
Modiolus, though oysters attached to them are heavily infeefed,

Finally, the spirochaetes, unlike most protozoans, are able (o
resist the action of the digestive ferments of the alimentary
canal, and are apparent ly unacted on by the juices in the stomach.

4, FUNCTION

The conclusions of former investigators regarding the funetion
of the erystaliine style have been eonsidered in the historical
smmmary {5 573 The wadtaiseibility of most of these st be
evident ut once, and they will be dismissed without further com-
ment. A eritical examination of the others iz reserved unts
after the presentation of Iy awn eonelusions and the evidence
upon which they are based

Realizing that the misconcentions of many former workers
have heen dye largely to abnormal and uniavarable conditions
surrotnding the nmicllyse under observation, my own endeavors
have been to study the style in itg physiological relationshing
while the mnimal was il in oy near its natural environment,

In this I have heen ereatly dided by the opportunity afforded
by the floating Iaboratory for ayster research of the New J ersey
Agmicultural Experiment Station, 4 this laboratory is stationad
over the natural heds of the oyster, with clams and muassels
within n few foet, it was possible to remove & bivalve from its
natural environment snd within fwe or three minutes to have it
opened and under obhservation in the laboratory,  Too much
emphasis cannot be laid on the necessity for study of this nature
in determining the physiologioal significance of the stvle,

Fhe first investigations co vered a deferminstion of the factors
in the normal environmoent which bring about the secretion of
disrolution of the stvle,

The ribbed mussel Modiolus, accurs most cominonly in
bunchies along the banks of tidal creeks and estuaries,  Nafura
aysters also may be attached 1o these clusters,  From theip o-

siion on the bank, the molluses are necessarily exposed from
Cthree, tooas gieh as e or eight hours between sueeessive high
tides, during which time, of course, no feeding takes plaee.
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Voo exainining mussels which had thus been exposed for about
c howrs, 1t was found that the style was invariably present.
onany nstances, however, 1t wags quite soft and had begun to

Canjergo dissolution,

he owsters attached to these mussels, provided they had been
~xnesad for an hour or more, failed to show any style present.
Whit, then, 18 the relation of the style to the feeding activitios
the oyster?  As iz weldl known, ovaters oeeyr natiraily in
reels, oy barriers, built up through suecessive generations at-

cwehing themselves o those already present.  Since the oyster
- able to exist for some time out of water, the upper limit of
v oreef comes to lie between the mean low- and high-water
cveks Consequently, large numbers of individual near the
pave exposed for several hours at cach obb tide,
Foward the close of ebb tide T went out on such a rest anrd
gened oysters at the rate of one a minute for two and 4 half
wrssa period extending over the elose of the ebb and the
flood of the tide.  Begon at 005 31, at which fime the
weters around me were all or partly submuerged. A svle was
i all that were opened.
By 0.5 aam, moat of the reef abont me was axsosed, and the

e opened for the next hour were devoid of «f vies. shortly
e 10,00 am. the tide began to return, and when it had rigen

e and began siphoning
By 1LO0 amm. the reef w:
ded Trom then on GF 1155 s, when o

<t

vravtically coverod,
P ESPOrinent Was gon-
¥oovster opened. Al the
calves taken during the entire period came from a spot less
juare and nearly e

[, henoe all we
ne period of exposure,
Sibsequent lsboratory expe

ol

o subiected to
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activity of the moliuse, ax well as its general phvsiofogical eon-
dition.  Externs! conditione, prineipally temperature, also eause
considerable variation in the time recirad.’

Upon dissolution the stvle Torms o brown viseous Huid, most
of which remaine in the style sac untit the aninal o rgain heging
active feeding, when it is carried forward into the stomach by the
active beating of the cilia.

From the above experiments it may he concluded that the
crvstalline sivie 11 o strueture intimately conneeted with the
feeding aetivities of the molluse, and which. in aysters exposed
ot dow tide, s sompletely dissolved and renewed again al least
twice every twenty-four hours,

The style of Modiolus i smuch more resistant and ordinarily
remains intact during the normal periods of inaetivity,  If mys
sels wre kept in the lnboratory without food, the style begins to
disappear after about twelve hours, and ie ususily completely
dissolved after twentv-four howrs of inse tivity, though here
again there is great variation between individusls,

The fresh-water genera, Anodonts and Lampsilis, eshibit a
cotdition similar to that of Modiclus,  Absence of fowmd or inac-
tivity of the animal due to eold or adverse conditions brings
about o gradusl dissolution of the stvie, oceupying from a few
bours to several daye,

The disappearance of the stvle in forms which had tong been
out of water was noted by Meckel (293 and by a number of
other workers, Mitra 00 believed thie disappearance é.i.z;("{
subsequent renewsl to be a periodic function.  As Allon (14, g
1367 bas justly poinded out, this periodicity was due to ?h?
periodie fmp!\m,q :md filling of the aguarium in which the ani-
tials were kept. he latter investigator also gives the correct
mterpretation of 1lu presence or absence of the style, and showed
Ehat bhv wldition of food to the water conts wning starved mussels
soon cavsed s partial regeneration.

We have already seen (Do S that the eilia of the style sac
put the style jnto rofation while pushing it forward into the

M the oveier was noted by Mohi

ver went su far ag to kold thet
sl of the AMonomyvaria.
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aonach, Though surmised by several former workers from the
co-nnial lavers of which the style is composed, T an: unable o
And any staternent in the lterature indicating that this rowation
s actually been observed.

After nearly two years of experimenting, in which manv indi-
viduals, both roarine and fresh-wafter, were opened, 1 was able
finally to ent through the stomach wall and expose the head of
the stvle in such aoway that the animal did not contract unduly,
with eonsequent displacement of the alimentary eanal.

Asoa result the style is not put under tenston, but is free to
catate in the style sac, in spite of the fuct that it forms o Us-shaped
hend in following the course of the nfestine.  To my sUrprise,
P found this rofation to be quite rapid.  In Anodonta kept st
a constant teraperature of TLA°C, prior to. and during the ex-
neriment, the maximum number of revolutions per minute was
cleven.  In Maodiohs, at 25°C.0 the maximum number per
minute was thirteen,  The direction of rotation m both species
1oelockwise when viewing the animal {from the anterior end,
«Compare this with the direction of rotation of the food particies
mthe stornach of the veligor lavvae of Ostrea and Venus, p. 88

The food materinl in the stomach, rotangled in mucus, bee
cames wound aboug the head of the ctvle and whirled around in
vhe fumen just posterior to the pastrie shicld,  So strong is the
wneiive foree of the ratating style that sivings of muews from any
gt of the body, if Ted to the stomach cavity, are at onee drawn
moand wound up in the food nanss

While rotting the wtvle in this manner, the cilin of the sty
ane prshoat anteriorly aesainst the gastrie shield, with force
enough to eause the styie to bow out when the stomach walls
are drawn apart. In Modisluss at 25700 this forward move-
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ment, when the end of the style is unopposed, is approximately 1
em. per minute,

We have already scen (p. 77) that the cilia on the stomach
walls i proximity to the gastric shield best so as to rotate in
a clockwise dircetion any matter in contact with them. They
thas aid the movement of the style in keeping the food material
in guite rapid rotation.

The tip of the style, enclosed in a mass of alimentary matter
i¢ constantly dissolving away as it is pushed up against the
gastriec shield.  This dissolution is, however, copfined to the
cortical layers, the central core of bubbly mucus remains umdis-
selbved and ix wound up with the rest of the mass around the head
of the style.

The cavres for the dissolution of the style consist, first, in the
action of the juieces of the stomach; second, the wearing against
the point of the shield, and, third, the tendeney of the style to
dissolve spontanesusly within a eerfain time after formation.

Figure 12 shows the ocsophagus, stomach and style-hearing
organs of Modiolus.  In two favorable specimens 1 was able to
cut through the stomach wall and observe the movement of the
style with the surrounding slimentary mass, while strings of food
and mucus from the gills and palps were passing up the sesapha-
gus, I was therefore possible to observe the action of the
various parts while they were functioning in an approwimately
normal manner,

The food particles, with large numbers of sand grains, en-
tangled in mucus, pass up the cesophagus in a single string and,
bridging the groove at the entranee to the stomach, are carried
to the hase of the gastrie shield.  Here they are canght in the
revolving alimentary mass and wound around it.  The mass, in
turning, comes in contaet with the spiral cavity deseribed on
page 78 and shown in figure 12, As {his mixture of mucus,
tood particles, and foreign matier sweeps across the highly cili-
ated grooves of this structure, sand grains, together with muech
of the newly arrived mafter from the oesophagus, are eaught
ol of the mass and carried down the traet and into the right
side of the caecuny (p. 7S and fig. 15).
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Iere the mechanism described above {p. 78) comes into nlay,
mt by means of this most of the sand grains are ceparatod from
he food particles and are carried into the intestinal groove, while
the Jatier pass out of the loft side of the caectm.  From here the
siliary eurrents emery the food across the ventral wall of the
~tomaclt to the right side of the gastrie shicld, where it sgain
enters the revolving alimentary mass (fig, 12).

In the two mussels which T hed under observation o steady
stream of sand snd food particles was eutering the right side of
the caecum, while a streani of practicallv pure food particles
was ssuing from the left side. At the same time peilets com-
posed almost exelusively of sand grains were passing along the

ntestinal groove and into the intestine,  From time to time
sn_mi I portions of the three stremmns just deseribed were removed
and examined microscopically, and revealed the fact that prae-
tically compiete separation of food and sand was taking place in
the caecun.

By means of this mechanisi the ingested. material in the
stomach s gradually sovted over and purified, until, when feed-
ing has ccaved, the stomach containg o jne
material,

In all cases where I have had the revolving stvle under obser-
vition the motion is nol continveus, but s interrupted by
periods of innctivity, preceded by g gradual elowine down of the
stvle. During these periods of cegsation the eilis of the gtvle
sae themseives become greatly reduced in activity,  After o
period of rest the cilis ngain begin fo beat actively, followed by a
resumption of motion of the style. What the stimali may be
that cause the cos

s of pure food

ton and ressaption of motion on the part
of the style | have been unable rhus far to delermine. The
presence or absence of food i the stomach dsell seems to be of
o consequence o far as this sefivity is coneerned.  T{ is pos-
sible that the large bristle-dike oilin of the sivle sae may he
under the control of the nervous sveten and respand to certain
mternal reflex stimuli eatled forth by the stage of digestion of the
astirnal.
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We have seen that the ribbed mussel Tives under conelitions
such that its feeding periods nre usually restricted to g few hours,
Az o vesult, it makes the most of every opportunity, and if one
examines & cluster of these molluses after the rising tide has just
covered them, the surface of the water will be seen hotling like g
miniature spring, due to the very active siphoning,

When removed to a dish containing sea-water with much fine
sumd i suspension, the wiater is soon conipletely filtered by the
aectivity of these molluscs. Comparatively little diserimination is
made by the palps and gifls, save spainst the larger partieles:
evervthing else is taken into the stomach and sorted there,
Within about an hour after placing a mussel in roily water it will
begin to void [seces in a continnous ribbon, composed almoest
whaolly of sand grains held fogether by thick mucus.,

In & recent paper on the cilinry mechanism of lamellibranchs,
Kellogg 015, p. 660 deseribes the peculiar “sand-eating’ genus
Maecoma.  He slates that the entire digeastive tract of this form is
filled with debris.  Sinee the backwardly directed currents of
the palpy and mantle are as well developed in this as in other
spocies, Kellegg is mnable to account for the mgestion of sueh
large quantities of <. In view of the fact that Modiolus,
though possessing well-marked outgoing earrents mgests much
sl wlong with its food, it is probable that Macoma will show
upon mvestigation some similar means of sorting out the food
materials from foreign matter in the alimentary eanal. A further
point of similarity between these two species Hes in Kellogp's
abservation of the extrasrdinary power of the eilia in this form.
My own observations on Modiolus indieate that the ottgoing
tracts are for the purpose of removing the larger particles which
do vot enter the mouth.

A we have seen above (p. 71, Anodonta possesses g divertie-
whum which zomewhat resembles the “sand-sorting” caceum of
Aadiolus, though less well defined.  Space will not permit of &
deseription of analogous structures in the various forms studied.
suflico 1t to say thet Lampsilis, Ostrea, and Venus all show some _
maodification of the stomach wall in conneetion with the intes .
tnal groove and extension of the major typhiosole, by means of




RO

el fives ynder conditiong
“restricted to g few hours,
Soopportunity, and if one
for the rising tide has Juat

will he seen bolling tike »
o siphoning,

ci-water with mueh fine
“rmpletely filtered hy the
coly Tittle diserimination is
nst the larger barticles;
snach and sorted there,
sesel in roily water 1t wili
‘ihbon, composed almagt
ihick mue us.,
Csm of 1:1-me1lib}‘:umhs,
digr ¢ sand-cating’ gonys
Sve tract of this form is
Uv direeted currents of
sped in this ag in athep
iwothe ingestion of such
i fact that Modiolus,
currents, ingests much
hat Macoma will show
I sorting out the food
ntary canal. A further
becies lies in Kellogg's

i the eilia in thig form.
ate that the outgoing
*larger particles which

ta possesses & divertio.
wd-sorting” enecum of
© Wil not permit of 4
various forms studied,
t Venus all show SOIe
rtion with the intes.
phlogole, by means of

abjects attached to if
nocessarily developed |
vent mjury to the epithelinm,
aroseoas such anoorpan of

e shuep pauticlos and thus
Against (his mlerpretation
First, the stvle, slowed (0 disen)
Hon of any Huid, formes, with
®liguid of ek .
sble vilue ge g profes
:siin‘mi‘si:xz'}-‘ Eraet s

0 that no sharp ohject would be B

fovias e

CRYSTALLINE STYLYE OF L:&MELL[BRAN(JHS 105

which a certain amount of seloction and separation of the M-
tertal in the stomach does take place,

n artificie] feeding experimaents T have found that the sofoge
dve netion of the pal s of Ostrey is VELY great as compared with
that of Modiolus, even ihe most finely divided
beang rejected. Coineident with the
on the surtace of the hody there ;
specialization of the wall of the
alimentary matiar,

~umining up what has been said of the origin of the style in the
developing embrye (. 881, together with the sl
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ane of the primary
stvle throughout the
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the surface of the cells: third, the streams of food and fcjn"E“ig_H.
matter endering from the oesophagus are largely composed of
heavy mucus secreted by the gills and palps, and this i« in
sutlicient quaniit voand of a eonsistencey eapable of acting gs g
protective covering if cueh were needed fourth, an examinagtion
of the pellete of sand passed down the intestins groove of
Modiolus shows them to be composed of sand graing compactly
held together by a small amount of thick mucus, such ag that
seereted by the hody surface op oesophaeys,

Aoseeond fonetion of the crystalline siyle, thaough probably 4
miror one, has heen referved o above (P 83) in ('h_\.scribing‘ the
formation of the st Vie, where it was shown how undigested food
materials, passed down the idestine along with the waste matier,
are caught and incorporated inte the inner core of the style,

Puring the winter 1 have found Individusis in whieh praes
cally the entive style was compaozed of the brown particles which
form so large o part of the alimentary mass of the stomach.  The
erystatline stvle thus serves incidentally, except in those forme
in which it lodges in 4 separate cacoum, as 8 means of reataring
to the stomach nutrimen: which might otherwise heo fogd.

Une s greatly tempted af this noimt to econsider the enedo-
glyle of Amphiozus, in so far as it aets 1 the transfor of food,
as possibly an anslogous stimeture, However, as T have heen
unable to examine Hving specimens of this animal, this s
Larvity 1 merely siigeested here,

Finally, we have seep that the eryvstalline style of the lamelli-
bravehs contains o YOIy active amylolytie ferment, as was first
held by Coupin SO0 followed by Mitra (01, van Rynberk
COB), and others. From the evidence presented by these workers,
together with the facts sheown in this paper. it is probable that
the enzyime is held in 5 viscous mateiy of 4 g wicin-like substance
which gives the venctions of a globulin,

deee the food of the majority of lamellibranchs consists

mainly of unieellylar plants, and snee these animals have no
salivary seerction, an abundant supply of starch-gplitting en-
zymes 1 the alimentiry canal ic & necessity.
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The presence of a style of great dirnensions has been noted b
eern] workers in FPercdo and other boring molluses, .md
;,-,\-Iy- found the same in Martesia,  The relatively preat de Vc‘]()pn
;=j.‘gs;1[ of the styie in these forms is probably conne setad with
eir mode of feeding and living. .

<ome of these molluses bore into objeets close 1o .'é_hc high-
Gde level, and are henee unshle to feed for fong periods.  All
of them commummto with the exterior by means of a compara-
dvely small opening. 1t is probabie ihat their periods of feed-
mg are further disturboed ’%W deposits of mud over §i1me npen-
es, so that 1t i necessary to use o the hest }'}r)k‘«tiél})}.e? :;-1(,1\-'@1»
cape every opportunity for feeding. Siueh being the case, the
presence of a large, amount of enzyme, ready for immediate use,
conld not but be of great advantage to these molluses.

CRUMMALY AND CONCLUSIONS

In the present paper the ;mwz"np{' has b(‘f‘.?l rmade 1.c.x }.JI'”iE‘].gI_
iuder one head the resulis of alt former workers regarding the
ervetalling style of lamellibranchs snd to settle important ques-
tie‘ms concerning its orighn, nature. and fonetion. ‘

A survev of the Hterature shows that muech of Hm. (‘%md}t
given to \’iib{'& (01) rightfully belongs fo Barroi (89, "90) and
Coupin £00). A »

Smatemienl featires of the stomach and intestine of some
common lamelibranche, not previously noticed. are pictured and
deseribed.

The mode of seeretion and formation of the style has I’}t‘--!{‘,;:n
sudied in marine and freshowater forms, It arges ss o thin
core of bubbly muecug, upon which are deposited oo axdad layers
of & gelatinous prote N, cOoMTamiig enzynes, ‘ “ ‘

Its cmbryclogioal development is followed in Ostrea, and
Drelgsensis.

The ciliary mechanism of the stomsch, inte
S0 HAS bﬁ‘-f*nv traced out i some detail, Tt was found that the
molluges studied possess the ahility of separating fand from
in the stomach by ciliary action,  This meechan-

stine, and style

foreign particles
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s was found best developed in those species, like Modiolus,
in which Httle dizerimination is showp by the gills, palns, and
mantle,

The setnal rotation of the style was observed, and is hiere
deseribed for the first time,  This movement of the style is of
great mmportanee in separating the food from foreign particles
and in BCFVING as a substitute fop poristalas.

The gastrie shield is shown to be an organ for the protection
of the gastric mucosa against the abrasive action of the head of
the revolving style,

In those species i which the style sac i incornpletely SEDL-
rated from the ntestine, the stvle serves as a means of restoring
te the stomach undigested food particles which might otherwise
be lost.

The conelusions of Coupin 000, that the style contains strong
amylolytic ferments, have been confirmed.  These ENZYIMes are
held in a tiff eelaiinous mateix of @ globulin-like substanee

In some of the boring molluses the style attaing a relafively
groat size, this representing o large mase of enzyme for imme-
diate use.

The conclusions of AMitra (01 oregarding the stvie as solely
e of e enzvine seeretod by the hepatopancreas, and the
theory of the protective acing of the style substance, held by
Barrois, Peleencer, and others, ave hoereby rendered untenahie.
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