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1. INTRODUCTION,

The writer, while a member of the Indiana University Binlag
ical Station at Winona Take, Indiana, devoted several sumue:.
to ccological studies of the freshwater mussels,  The wark woe
done under the divection of Dr. Will Scott, and formed o po
of his general limnological program. A first paper on the {iv
ingr hadiits of the Unionihe appeared in 19143, The present |

has expanded  the former through the use of experient

1 Contribution from the Zodlogical Laboratory of Tadinna Unisrraiy
1743 submitted as a partial fulfillment of the requirements for the e
Dostor of Philosophy.
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methods, and approaches the study of the erystalline style from
the physiological standpaine,  In subsequent papers I hope to
present further stndies along the Fnes of reactions to stimul and
istribition.

For the stady of the smaller glacial lakes and their inhabitants
the region is especially favorable, Winona Take has a2 maximum
length of ;two miles, and being of the kettle-hole type, is deep.
Its greatest depth is eighty feet. The bivalve population is
limited to ashelf about its wargin, Three small ereeks drain into
the lake,  Their course follows the flat, marshy land between
noraines, wind their volume Is small and comparatively constant,
The Unionids have not extended up into the erecks. The lake
forms the upper limit of their distribution in the Winora drain-
age svsfent ‘

Faght speeives of mussels have heen recorded from this lake s
Lavsinpsills Inteolus, Anodonta grandis, A. cdeninla, Quadrula
ritbiginosa, and Lawpsilis subrostraius are common, the first two
being very abundant. Lampsilis glans, Micromye faballs, and
Mergaritana marginaio ave vare. T have found a single specimen
of a winth species, Quadrula undulata, Al these fussels are of

“river’” mussels,

the “lake™ type, as contrasted with

For most of the following experimental studies Lampsilis luteo-
Desand Awodonta grandis have heen employed.  For work during
the swinter, and for comparison with the above mentioned Incus-
trine forms, muassels from White River were used.  These in-
cude Quadrula heres, () prustulosa, Lampsilis mé()(ionf{)fdc"s‘, L.
lgamentins, ote, They were collected from the east fork of
White River, near Shonls, Todiana, and from the west fork of
the same river near, Gosport, Tndiana.

2, CONSTANCY OF THE FEEDING ACTIVITY.

I a previous paper I stated that the lake mussel continues
feeding at nearly all times, when under normal conditions { Allen,
'L}, Virtually all the observations made since the publication
of that paper have been of g confirmatory nature. Rarely is a
freshly collected mussel found to be without food material in its
alimentary tract, often much of it wholly undigested, When
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“hrought into captivity defecation usually continues to occur cven

after several hours, and indientes that fecding has at ne Gme been
fong suspended, The normal position of the palps, gills, and
mantle with respeet to each other s favorable to ingestton. e
structure of the mussel is such that it requires a groater effort
to refrain from feeding than to continue feeding., The obiary
apparatus is in constant activity, regardicss of the presence or
absence of food. The gills are at all times siphoning water,
Particles suspended in the water are at all times being sifted o
and caught upon the mucous seeretions of the gills, The wills
have no way of rejecting such collections. They are always
passed on by the fixed cilinry tracts of the gills to a given poit
on the lower margin of the ner gill which hangs between 1l
labial palps. Without an adverse stimulus and an avoiding move
ment of the palps the collections pass on to their apposed surfaces.
Thence it is but a short distance to the mouth.

Tf, despite the structure of the mechanism of ingestion, one
might still doubt that feeding is a constant process, he is foreed to
grant that feeding is speedily restmued by mussels artilicialiy
starved. Those starved a sufficient length of time to get rid of
the crystaliine style, when placed again in lake or stream, begin
the renewal of the style within fifteen to thirty minutes.

{a)y The Fecding Dosture,

To what extent feeding is conditioned by the posilion of the
mantle, palps, and gills the following experiment will show:

Some Lampsilis and Anedonta were stavved several days to
insure the disappearance of the crystalline styles. The revewsd
of these organs was then taken as an index of the Teedbyr wetivie
ties.  Various individuals were placed in the lake, in lake water,
and in Pocahontas creek,  Seome were partially inserted in sand
in the normal posture, others with the siphons tumed upward,
others laid upon the right or left side, and still others upon the
hinge and having the gape of the shell uppermost.

At intervals some from each situation were examined, The
styles were found to be reformed in all of them at about the same
rate. The position of the ciliated parts, with relation to one
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another and Lo grivity, was obviously of no eonsequence. Food
couhd Be passed Trom the gills to the palps as readily upward as
dowmward or horizontally, Due to the buoyaney of the mucns in
which Tood material is gathered and passed to the stomach, so
near the specific gravity of the surrounding water, cilia need
exert only a very slight traction upon the food masses to move
thent in any direction,

No Unionids have acquired an asymumetry like that of the
syster, but some species, particularly Quadrule, are always found
lying upon one side or the other. They feed as readily upon
one side as upon the other. Neither the right side nor the left s
favored, “There is no exceptional arrangement of ciliated parts
within the muantle chamber for countering the unsymmetrical pull
of gravity, unless the unusual size of the labial palps of some
species may he interpreted as a means of preventing the loss ot
{od between gills and palps,

Np matter, then, in what position the gills and palps may be,
food is readily passed mouthward, and the process of food collect-
him goes on constantly in the absence of adverse stimuli, Only
with the closure of the siphons is the streaming of fresh material
interrupled. Oaly in case of powerful stimulus are the palps
cansed to move out of line, away from the inner gill, thus refus-
ol

v foad masses entively, It has been difficualt to demonstrate
the constancy of the food streant upon the contiguous faces of
the labind pulps. The cilinted furrows (p. 234) have the func-
tinns of accepting or rejecting material, hut 1o what extent the
Iatter function is exercised under normal circumstances it is
ditticnlt to determine divectlv. When {ed in high concentrations
certain specific substances were rejected entively, others taken
readily, e.g., starch grains were never recovered in the alimentary
tract, while Glowocapse passed through in great numbers {p. 227).
It is permissible, therefore, to postulate that the labial palps
behave in harmony with the rest of the food-gathering apparatus.

(by The Degree of Digestion a Response to Tissue Demands.

The cilia of the alimentary tract are virtually in constant move-
ment.  { Nelson, 18, has reported the partial suspension of the
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cilin of the style sac) It involves httle, 1f any, additional enerpy
to keep a stream of water coursing through it. That much fond
material passes through without heing digested i shown heth by
the mass color of the feces and hy the appearance of diatom and
other algal cells from the feces, when examined microscopicaliy.
It has been argued that diatoms are accidental and not the veal
food.  Empty diatom tests are found in considerable quantity in

focal matier, and there is no doubt that the conients have been

digested out of, at least, some of them.  Turthermore, the fredidy

formed styvle, iy o mussel which has been starved and then Ted

with diztomaceous matter, has the amber color of diatomn. In

this case digestion Is prompt and rapid. The sivle tends o be

come colorless as soon as the streaning of food through the sivk
sac 15 cheeked by the growing style
Since the eiliney mechanism s fnnclioning consty, i

sinece some material 1§ drgeated and some baonet, womnsy b ey

cluded that tie demand for food ou the paet of the tssies o
rather the secretion of digestive fluids and ferments thay the con
trol of mgestion.

On several grovnds it 1s scen, then, that a given pavtiche may of
may not be digested on its passage through the alimentary vt
Nelson's suggestion ("18), that the style sac serves as o means of
refurning undigested particles to the stomach where they may be
exposed again to the digestive secretions, is very plausibie. e
morphology of the structure fits such a fanction to o nwety,
Mareover, while a starved mussel is renewing its style much green
material i heing threaded into its core. The facr that some
dintoms are digested while others are not might af first thonghs
find a sufficient explanation in Nelson's view,  For some particie
would be diverted into the style sne and others continne on
digested,  This would perhaps as readily explain the preseaee ol
both normal diatoms and empty tests in the rectum as my sag
gestion of uninterrupted feeding. There is no doubt th
Nelson’s explanation s entirely adequate for Ostrea and
Modielus, for these forms interrupt siphoning and feeding with
every tide. Their styles are absorbed and renewed regnlarly
with the ¢bb and flood. Hence twice each day the style sac i
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thrown open to the passage of food; and for this reason, if for
te other, one should Himd a mingling of digested with undigested
food in the rectunt In the Unionidie this mmgling does not have
an adequate explanation i the style sac. For there is no loss of
crystalling style oxcept with starvation.  No normal mussel s
found without it Under normal conditions the style has no
color, with a very slight core of green. The amount of food
which passes throngh the style or style sac under ordinary condi-
fions 1s very slight. Henee most of the digested dintoms whose
tests are found in the rectum have been through the stomach
Lt ance.

Réggud 30 the rectim and Teces the simultanesus occur-
renee of green dintoms and empty fests shows that part, but not
all, of snch nmterial is digested, At any rate it is usable as food.
Ingestion s cmttinuens, but digestion iy discontinuous, and de-
pendent upon demand Tor nutrition on the part of the tissues. In
the Unjomidie the return of material from the intestine to the
stomnach throneh the style sae does not account for nmch of the
~Hood actually digested, for such a transference of food 15 pos-
ssible only when the style sac is empty. Since digestion is a chem-
Foal reaction the contents of the stomach should be affected alike,
and not some whoily digested and some not at all, when equally

digestible.

3o Tuw Urinizarmion oF NANNOPLANKION AND
AMECALOPLANKTON.

The materials recovered {from the rectum grade down from
ZEhe largest phytopiankton to very small species. Winle stomach
avd rectnd contents vary, the larger particles ave obviously oltener
fomiad andigesiod  than the smaller, Fhis suggests that the
stviller pre more easily digested ; that everything else being equal,
digestihility 15 tnversely proportional to size. The question
arvises: does the namoplankton constimte an jmportant, though
less conspieuous clement of the food of a mussel?

Juday (see Ward and Whipple, '18) has shown that the nanno-
plankton content of a lake may exist in vastly greater number

and in a much greater vohume than does the net plankion,  Iiven
though most of such organisms should escape through the gills




216 WILLIAM RAY ALLEN,

of the mussel, the recavery of only a fraction of them is sufficient
in some lakes to equal or surpass the tofal volume of lnrger o
ganisms utilized.

{a) Experiments in Selective Feeding.

A few experiments were made to separate the nanneplankton
from the grosser, in order to feed them separately.

There s no hard and fast fine by which the nannoplankion nay
be distinguished, except Lohmann’s (1) arbitrary size lnit o
23 microns.  Stomach and intestinal contents were examined o
evidenee of o predominance of cither farger or smaber forme
Se far as the dintems are concerned such evidenee §s not v

conclusive, though en the whole the smaller o

ently have the better of the argument. As dfor

were commanly seen in the rectal contents, bat on

stomach, This is as we should expect, for some of theny do ouo
possess so resistant a fest as the dintoms,

The fact that even a {few of the smaller fHagellmes and din-
t
H

T
M

toms are found demonstrates that the gill-meshes are fine enou
to accomplish something with the pannoplankton, while the di-
minished number of flagellates in the rectum mmphes the more
complete digestion of that group. Certain flagellates are more
resistant fo digestion than others, eg., Peridinhn; some ave
doubtiess of more frequent occurrence i the alimentary triwct on
account of their colonial form and greater bulk, e.g., Pandorin

We have no very cfficient mechanical means for separatmy
plankton according to size.  The nets of finest Lolting silk allow
nearly all flagellates and all but the large or colonial diatoms
pass through, It was found that water, pourcd through a nd
suspended in the air, forces more large organisms through the
meshes than in the case when the net is suspended in water, and
the water containing plankton poured through slowly.

A concentration of net plankton actually took place i the
plankton bucket. A complete separation of coarse from fuw

plankton is not claimed, nor was it necessary to the cxperiment.
Undoubtedly some of the grosser forms passed through the silic
But these were never in sufficient quantity to be detected n the
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ntestines of mussels Tecding in the eseaping water. One com-
plete experiment follows:

Water from the ereek or Take was first poured through a cop-
per e 0 order to remaove suich debris as plant Tragments and
flakes of Ty inersstation. From these it passed into a conical
plaskton-net of No. 20 holting-silk, terminating in a detachable
Birge bucket.  The lower portion of the cone and the bucket
were suspended in a jar of water. Measured quantities of the
patural water, varying from 50 to 250 liters in the several ex-
periments, were passed through. From time to time the meshes
of the bucket hecame choked and the process was slowed down,
This was cspecially true in the lake following high winds, when
there was considerable turbidity. At intervals, therefore, the
ket was removed, rinsed out into a container, and the gross
fltrate hrought into contact with a group of mussels which had
been starved Tor o few days in order to causce the disappearance

of the crystalline style. The overflow water which had passed’

through the silk was allowed to siphon over into another. jar in
which were kept another group of starved mussels.  They were
thus given opportunity to feed upon nannoplankton almost solely.

(n order o demonstrate that any regeneration of the crystal-
line style that might oceur could not be ascribed to the chemical
or physical character of the water itself, a quantity of the strained
wider was also siphoned over into a sheet of filter paper and mus-
«ls placed in the jar heneath. The mussels fed upon filtered
water in no instance showed the teast evidenee of re-forming the
style. That many organisms passed through the plankton net is
well shown by the amber-green coating which soon formed on
the filter paper. Upon these organisms the second group of mus-
sels had opportunity to feed, provided the gills might be a suffi-
ciently effective mechanism to entrap particles which had passed
threugh the silk.

Druring the pmgrcés of the experiment, usually about four
hours, checks were kept i the lake or creclk, near the experi-
ment. They atso had been starved {or the same length of time, in
ap waler,

The water was Laken from a depth of two to three feet in the

ke, along the cast shore, where it is open to wind and wave

bR
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action, it has the shelter of a broad zone of Potamogeten, Hhae
creck water was from the mouth of Pocabiontas creck, having 3

depth from a few inches ap to more than a foot, and a bofion o
gravel and rubble. A drain from a large septic tank enters

5:'\}
feet upstrenm.  In its upper course it réceives the water o
drainage ditches in swamp land, and bas a small, though consios
volume throughout summer.  Its flow is rapid, and the characte
of the bottom such that mussels have not ascended it The wie
has a slightly brown color due to its swampy couvrse (Rice, 1o.

Tn this experiment two mussels were used as checks, i
kept in filtered water, ten placed in the overfllow from the plavh
ton net, and ten were fed upon the gross concentrale gives e
in tap water.

OFf the two checks, one developed a well Tormed orysi

style, the other none, but it had a large amount af grecn
terial in the intestine, showing that it also had reswaed foedi

OF the tenn fed upon net plankton, seven rencwaed the o
more or léss completely, three not at ally of the nannophais
Ted eight had formed o style and two had not. These dinn o
not full, yet they demonstrate the ability of the respective {0
materials to renew the style.

It will be scen that there is little difference in the power ©
renew the style between the larger plankton which renitied, Gt
the smaller which went through the sill. It is certain that tie
larger forms do have a food value, for there were {ow of th
smaller which remained in the plankton bucket, and the revdne
of grosser material alone was put into the aguarium witly the
first group of mussels. It is possibly not quite so well dems
strated that the other eight renewed the styles in response o
the ingestion of nannoplankton solely, but such is a reasoualés
supposition.  Two things at least cannot be gainsatd: {1} thar
was a significant increase in the ratio of megaloplankton o nes
noplankton within the bucket, and of course a reversal of (s
ratio outside, without greatly affecting the erystaliine styie ro
newal in either case; (2) no net plankton was recognized in ti
intestines of the second group of experimental animals, althouk
conspicuous in those used as a check.

The above facts do not argue a greater digestibility of the
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saallor organisms, Bur when the watter of dilulion or concen-
fealion Bs nken into acenunt, we have such an argument. The
creatly coneenlyated netplankton was fed oa container of water
which was changed bat slghtly thronghout the experiment. The
nnntoplankton, on the other hand, was cansed to stream over the
second group of mussels in the original water, and with the Ovig-
inal concentration. I it had been concentrated as much as the
net plankton 2 much more marked ingestion would probably have
Been obtained. Tt s hoped that in the future a method {or con-
centraling mannoplankton in quantity may be applied to the solu-
tion of this question.

An experiment similar to the foregoing consisted in placing
starved mussels in the ereck, enclosed in a tight metal container,
whose two ends were then elosed with bolting-sillk.  The crecl
wos dommed on cither side of the container, so as to ridse the
tevel slightly and maintin a flow of water throngh it upon the
mussels, The stopping of the meshes of the silk was expected to
tterfere with the low after a few hours. Dut, as a matter of
Tact, there was sufficient eddy and overflow to keep the sille fairly
well washed, so that at the end of the experiment a slight current
pught stiit be detected.

Experimental mussels and checks were placed both above and
Beloww tHie sewer outlet, where they were allowed to feed for
pwenty-four hours, Small numbers were used here—four mus-
sels in each situaton. So far as the resulte derived are trust-
worthy, they show a utilization of nannoplankton as fead, and
corroborate those of the provious experiment.

The mussels from the three situations showed a well-defined
gradation in the reconstruction of the crystalline style: (1} those
from experimental conditions showed only a partial rengwal; (2)
the checks nearby had virtually completed the renewal; (3)
helow the sewer outlet the checks had well formed and entirely
hyaline crystalline styles. Presumably they had an additional
source of food—the sewer.

The mussels used as @ check, and whose styles had grown
large and hyaline, accumulated considerable masses of green in
the intestine during the twenty-four hours, Examination showed
tiis material to comprise, among other forms, Nawvicula, Oscil-
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latorie (small amount), Scencdesmns, Svuedre, and Tabelluria,
) : i »
Consideralle debris, both organic and inorganic, was found, and
[ S

some fragments of considerable Tength.

In the case of these fed upon *bolted ” water considerable
amounts of green were found in the intesting, aud the styles wos
flaceid and green. No large particles were obtuined.  Tabellare

Diatoma, and Nawvienda occurred, but it was only vory small =

cies in cach case, and no coherent members of colomies. Vary
little inorganic stuff was found, hut many organic fragmeit.
some of them partially digested. The smaller flagellates were
proportionately miore numerous than in the checks.  Naturally
the diatoms were of the solider, creel type, and none of the grace
ful lake forms adapted for flotation.

(bY The Feeding of Sewege.

The presence of Osciltatoria may be taken as an index of the
amount .of sewage in the food, It also shows a well-defined
gradation in the several feeding stations: (1) no Oscillofori
was recorded from the experimental animals above the sewer
outlet; (23 very little appeared in the checks kept in the un
screened stream at this point; (3) somewhat more Oscillatoria,
consisting of very incomplete filaments, was scen in the experi-
mental animals below the sewer; and (4) the checks below the
sewer contained numerous large fragments of Queiflatoria, and
many relatively large bits of debris never met with clsewhere.

Mussels which had been kept in the mouth of the ereek for
several weeeks prior to these experiments were opened at the
same time. The styles were well formed and without color. On
various occasions the styles of the experimental animals reacted
differently. At one time all of the styles were whitish when par-
tially renewed, having a distinet white, spiral core, in those most
perfectly formed the white color was disappearing, and the entire
mass was becoming more solid and more hyaline.  On other ocens
sions the newly formed styles were of the typical amber hue
which suggested diatomin,  Subsequently mussels opened here
contained - sometimes whitish, sometimes coloricss styles. A
times freshly formed styles were found which were green in the
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stomach and becoming white in the style sac, indicating a change
from one eolor 1o the other, ‘

Only one explanation of the above differences offers jtself—
pamely the effect of bacteria. These, through a mass effect or
through the breaking down of the style substance itself, are prob-
ably responsible for the white color, Rice (I1.c.) has shown that
the abundance of bacteria and of nitrates is here subject to pro-
found variation, on account of the periodic discharge from the
septic tank mentianed above,  Whatever the cause of the white
color it might have been expeeted to be mingled with green from
the novmal Toad bronght down frons above. That green is actu-
ally present in councealment is shown by the boiling of such styles
(p. 226). The white style pertains mostly to the creek.  In the
fake a white siyle is observed only during low water in mussels
which Bave heen feeding near the creek outlet.  During freshets
and great ditution of the bacteria 5t docs not occur even in the
ereck, These observations may be taken as a further indication
of the direct dependence of the crystalline style upon the char-
acter of the food.

(¢} The Feeding of Infusions.

Previously T had observed the renewal of the style and the
accumatation of material in the alimentary tract of animals {ed
with hay infusions rich in ciliates (Allen, L.}, The unmistak-
able finding of protozoan fragments in the stomach showed that
some such material is ingested, and I was satisfied that the style
renewal was due (o their presence.  The above nannoplankton
stadics sturzested that there might also be food value in the hac-
teria and flagellates which are present in such concentration in
miusions.  The former experiments upon the feeding of infu-
sions were repeated with the same results,  Again, white crystal-

Tine styles appeared (p. 2z0).  However, in order to determine if

the bacteria and flagellates present may be responsible for the
style renewal an attempt was made to separate them from the
large ciliates, The above method for the separation of plankton
was applied here. It was possible, at any rate, to dispose of most
of the bacteria by washing.  The process resulted in the death
of many ciliates due to crushing and to the change into fresher
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water. However, it was possible to accumulate a considerable
mass of living and fragmented infusoria.  Starved mussels fed
upon this concentrate did not renew the style. This newative
resuit must not be trusted too implicitly, considering that, as ve-
ported above, ciliate material is sometimes found in the stomach,
Yet the present experiment points toward a greater utilization of
the smaller organisms of infusions than of relatively large ciliates.
Aside from the ciliated protozoa the infusorian population cou-
sisted mostly of extremely minute forms. The maccration -
periments deseribed elsewhere (p. 228) show conclusively thag the
Unionid gill is capable of intercepting very small material in-
decd—cven the pyrenoids of algz,

It may be questioned whether the Tormation of a cryatidine
style is a reliable index of the [eeding activity. by opiion i
is as reliable as a divect examination of the alimentary tracr. On
some occasions food nmy be found in the infestine belove regen-
eration of the style is perceptible.  Ilut, on the contrary, there
are as many occasions when a starved mussel recently fed s el
to have the beginnings of a style before anything is readily recuvs
erable from the intestine. Tn far the greater number of cases
examined the synchronism between style renewal and the pres-
ence of food is exact. The bearings of this upon the significance
of the style are discussed below (p. 226).

Résumé—The more minute plankion organisms are of as great
nutrient value as the more conspicuous, often undigested nmiter
commonly listed from rectal or fecal cxaminations. However
the net plankton is shown to have a food value as well. I peri-
ments which more or less perfectly separated the net- front san-
noplankton show that both are capable of re-forming the crystals
line styles of starved mussels. The minute flageliates SOMCEHTeS
exceed the volume of net plankton in Takes many fold. Since it
is certain that they can be entrapped by the gills of the musscl

and can be ingested, it is likely that their rarity in the rectum is
due to the fact that most of them have been digested. Infusions
which have nothing of food value except ciliates and minute or-
ganisms renew the style.
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4 Toe Prvsionocy oF Tirk CRYSTALLING STYLE.
veryone, myscif inchrded, who has dealt with the crystailine
style during the past deeade, has made apology for adding to the
Dulicy list of the things not certainly known concerning that
Orgin,
(a) Recont Studics.

The most thoroughgoing and satis{actory account of the crys-
talline style is that of Nelson ('18). He has assembled and or-
canized the literature on the subject to the minutest detail, has
very effectualy climinated most of the groundless specuiations,
and has sifted out the truth contained in the rest. Nelson’s work
on the morphology s of a sort which virtually closes that sub-
. . 1 .
weet. Al futare studies of the crystalline style may well male
Nelson's work the peint of departure® There is no occasion to
review ihe literature here or to describe either the style itsell or
the associated portions of the alimentary tract. 1 shall be content
1o record e physiclogical data which have accumutated during
“ifie intermittent observations made over a period of some six
Yeurs,

Maost of the writers, with the exception of Mitra Co1), and
Nelson (1.0, have taken a viewpoint which has Dbeen fatally
crroneons, it seems to me. Despite all the divergent specitlations
which observers have permitted themselves to make {a point well
ceviewed by Nelson), they have really been looking for one
~esplanation—the most plansible function that this organ. might
e supposed to perforn, Few have granted the probability that
Ctwo or mote uses of the style might exist concurrently.

T e preceding sentence, when writhen, wis prophetic,  TFor just as this
paper is abont ready Tor the press, fubmondson's tmely account of the crystal-
fine style in Mye arcnarie has appeaved (*z0). lLike Nelson, he has devoted
consideralde study io the morphology, but has contered his attention upen the
renowal of the style.  Tejs pratifying to find others interested in the physio-
jopical study of the style, for, aside from its chemistry, maost work has heen
done fram the viewpoint of structure.

This author's account of Mye arenerie shows the style to have diverged
very far, indecd. from its homologue in the Unionidie, Tt lies in a distinet
croeuns,  Operative methods instead of starvation were nocessary to remove
. ¥t is a very sofid atructure, nearly inseluble, and uearly devoid of albu-

minoids,  Hs regencralion in Mys precedes rather than foliows resumption of
Feading.  Scventy-four days were requirved for its reformation in Mya, while

one day more or tess suffices in the Unionide.
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Mitra (Lc.) was the first to recognize clearly that the crvstal-
line style may meet several needs,  The fact that it is dissolved
when food is wanting, and that in solution it may be taken up by
the blood, feads to the conclusion that it is {so far as it goos) »
reserve of nutriment.  Furthermore, the work of Miors and
others has shown that it hears enzymes capable of furthering
starch digestion.  Dr. Scott Edwards bas kindly checked gyer
this matter for me, with confirmatory results, Insofar as suitable
food is brought into contact with it, it is a means of suppiving
digestive ferments,

Nelson (e has shown very well that the rotation of the
crystalline style against the “ gastric shield "in the stomach shreds
the dissolving end so as to form a brush.  The rotation of this
brush sweeps the food into the proper cifiated channels, aids in
dissolving the food out of the mucous masses in which it reaches
the stomach, and atts as 2 suhstitute for peristalsis in minghne
food with the digestive fluids from the liver, ete. It might have
been pointed out that these movements afford a ready means of
bringing the contained enzymes of the style into thorough contacl
with the food.

Since the sty%le actually accomplishes all these things, we can
not choose any one of them as the function for which it was
designed. We cannot assert that the style is exactly adapted 1o
perform any one of them, or that it is the function which it hus
always performed i ancestral forms. 1§ such were the case one
might expect 1o find somewhere in the more primitive existing
species a style little changed from the ancestral condition. Bl
the Najades have taken to fresh water, and as a result haye be-
come profoundly modified in life history, ontogeny, and structure.
While the crystalline style has shown as little structural change ws
any organ, it is not improbable that its relation to the organism
as a whole, to metabolism, has suffered changes of which we know
nothing.

Nelson suggests a further function of the style sac, that of
returning undigested material from the intestine to the stomach,
to prevent the loss of food. Tn Modiolus, which undergoes a
periodic cessation of feeding and dissolution of the style, the
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citin of the sac periodically carry a stream of food from the
iesting through it inte the stomach. In common with all
cilinted epithefia this organ raises the very interesting and equally
difienlt problen of accounting for the present direction of the
Lear of the cilia.  In the simpler ancestral forms the beat most
probahly was in the opposite direction.
The style sac of Modiolus contains more feod in winter than in
swenmer. Tt s difficult to sece why the structure in Modiolus
showld be (as Nelson reports) more effective in winter, when the
metabolism iz fow and the food requirement slight, than in
sumer, when the demand for food is greater, In winter the
seeretion of the style substance s sfowed down by the tempera-
fnre o sueh an extent that the organ is not promptly re-formed
with el feeding period (po 2200, The style sae therefore con-
taing no style and may be uwlilized to reconvey food from the
itestine (o the stomach,  In the Unionidee it is certain that the
return of particles through the style sac is a phenomenon which
tnkes place normally only after starvation,  Of the many. hun-
sdrieds of specimens oxanined when talken from the water, not half
2 dozen were ever found in which the style was lacking.
Llaually the newly formed style has an abnornally large core
of plankron.  This indicates that the first andigested or partially
Gwested matervial which streams into the intestine is diverted at
the posterior end of the style sac and earried forward again into
the stommch, I the meantime the glands of the typhlosole
¢ Nelson, Le.) begin seercting and wrapping the spiral of the

style substanee about this core. The streaming in of materials
from the intestine is Hmited more and more as the style more and
moere completely fills the Tnmen of the sac. After the style moves
forward and has been dissolved its entire length, the newer por-
tion, with a diminished core, has entirely replaced the original
portion with its loose structure and large core of food. This
takes place twice daily in Modiolus or Ostrea, and the newly re-
generated style is thus oftener encountered.  In Lamipsilis or
Anodonia under normal circumstances, it is a very infrequent
accurrence. My observation has been to a very great extent upon
lake forms, which are not subject to many vicissitudes. It is
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presunable that viver forms, if taken at the right tmes, demon-
strate a more periodic activity in response to the rise and fall of
the current, the degree of turbidity, cte,

Nelson is probably in accord with these reservarions concerning
the Unionidie, for he agrees (Le., p. 100) that the formation of
the style is directly dependent upon the food supply. In dw
marine forms the return of food through the style sac to the
stomach Is considerable. In the Unionids the return of fowd
through the style sac has hecome reduced because the sac s
asually occupied by the style _

The spiral character of the style, caused, as demonsteated by
Nelson, by its axial rotation, has been hrought out siecly wr three
ways i omy observation:

tad A vepeneded style fn one starved clodenie was found
T Bave o grent dead of green mndter throughout, and but a very
shight amount of style substance, ¥t had grown o ad least normal
diameter.  When kept for a time the scereted portion dissolvaed
out, leaving the green cohering portion wrapped about the core
Like the threads of a serew, or a lathe shaving.

(03 A few whitish styles were boiled for a short time in strong
sodium hydroxide.  They were much reduced, and the residus
was in the form of a close rope-like spiral® The white appear-
ance had given place to the amber-green color charncteristic of
most newly regencrated styles.

{c} The actual rotation of the style has often been vhserved.

Examinations were frequently made of the food substances
pletely regenerated styvles,  The food never showed a pereeptibly
greater degree of digestion at the stomach end than posteriorly,
It 15 not hikely, therefore, that the digestive processes are much
furthered during progress through the style or sivie sac towand
the stomach.

{(B) The Feeding of Specific Subsiances.

A series of experiments in feeding cerfain substances, and v
forced ifeeding by injection into the stomach, were undertaken

2 Edmondson’s {"20} figures of partially formed styles very well represent
these.

R L
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to throw Hght apon the actual stimuius which initiates the renewal
of the atyle. The stimuli may be either mechanical or chemical.

Carhorundum, carmine, starch, ele., of varying fineness, were
intvadieed foto the inenrrent siphon with the streaming water,
Sacl organic or morganic material, however neuatral, of whatso-
ever difution, or however administered through the respiratory
water, were never found subsequently in the alimentary canal,
Nor did the molluses ever display any indication of style renewal
moresponse 1o these things. The experiment has a further
sipificance to be discussed on page 229,

Aenlture of Cleocopsa was Jooked over carefully and found

to five ve

ev few ovganisims of the size of Gleocapsa, but much
coarse debris. This material was washed into a jar with active,
Savved annselsind apitaied Trom ime Lo time to prevent its
seithug, Nwer vighicen hours the mussels were examined. The

L‘a‘;.*st.!éhuc sivles were partially rencwed in all cases,  Tn others
hept i jars of Gleocapse not stivred frequently the styles failed
to show any indications of re-forming, even after three or four
dayss Dvidently not enough food to stimulate style formation
had beon taken into the si]' hons. In all, small masses of Glewocapsa
were encountered in the rectu iy, in the stomach, and in clots of
mucas upon the gills and palps,  The clots were almost pure
Gleocapsa. The stomach and intestine contained minute frag-
ments of green, partially digested individuals, and sometimes
Gleocapsa colls withaut the capsule. There 3s thus no doubt but
that o preuty rigid sclection of the alga from the coarser matter
Swith it was taking place, and that the alga was being digested:

The frequent oceurrence of the Glvorapse in the rectal con-
tents, stll wrapped in mucus, shows the cffect of the want of
the style, Tad that organ been present the mucus masses would
probably have heen torn wp, the alga freed in the stomach and
exposed to digestive action. It appears that the process of di-
gestion does not function perfectly, even prior to the formation
of a style, and not even a hungry mussel exposes all particles
equally well to the digestive Anids*

4 Bdmondson finds the alimentary tract of Mya arenorie empiy of food
until tive style ix partially replaced,
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A quantity of Spirogyra and other filamentous alge was o
as finely as possible with scissors, (hen macerated with a pestle,
[Examined microscopically there were found fragnients ol crlls
wall varving in size, fragmented chloroptasts, wnd pyrenoids,
Without screening, this material was fod, in considerabic quantity
to starved mussels,  The waler was agitated occasionally so as
to keep some of the macerated material i suspension,  One wie
of alga had been taken from a dish in which decomposition Tud
gone far. Although the mssels hold the siphons nearty cloacs
in the decomposing culture, they nevertheless ingested saflivws
alga to answer the purpose of the experiment.  Freding the
composed alga is comparable to the feeding of infusions, mwl
animals reacted similavly.  Tn all cases of Teeding infusion, &
caving alga, and the feeding of mussels below the sewer outlel @
Pocahontas creek, the regenerated crystalline styles haud the sanw
milk-white appearanee.  Thus there is ne doubt that inall vas
the color was due to bacteria,  Mussels fedd wpon macerated
fresh Zygnema had clear, and colorless or groen, styles.

[ one mussel fed upon a maceration of Spirogyre the parialiv

regenerated style had a large core, and only two or three |l

Jayers of style substance This gave it the proportions aml -
pearance of a rubber tube.  When stretched out in & wateh crystal
and placed under the weight of a cover glass, the contents glowiy
oozed out at a broken point.  The core was then seen Lo const-t
almost entirely of pyrenoids (or like bodics) closely packed. and
in very great quantity. Their mass had a gray-yellow color
Only here and there was there a minute spot of green. Nota
trace of cell walls or of a spiral fragment of chioroplast wis
found here or in the stomach. We have then another case of L
foihe
character of the materials which are capable of inciting the sceres

rigid selection of food particles, and a little suggestion o

fion of a new style. Again we have evidence that the gill i
capable of taking very small particles from the water.

In a decaying macerated Spirogyra culture several starved
mussels kept the siphons almost entirely closed,  When a fow eo
of aleotiol were added they shortly hegan and continued giphoning

vigorously. Yet the food sorting mechanism [unctioned nornuil-
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¥, for no stemachs nor intestines were found (o contain larger

{rapmients than usaally oecur there,

() Foreed Feeding.

From the above experiments, and on grounds discussed else-
where {p. 227), it is seen that the ingesting apparatus exercises
comsiderable choice, and that {at least under experimental condi-
tions) only cerfain sorts of material are admitted to the stonmach.

An attempt was made (o Introduce distasteful matter into a
starved mussel with the food, When fed alone, carnune had
never been ingested, fiowas therefore administered with Glae-
capsa and nacerated Spivogyra. In no case was it found in the
alimentary canal. Very Hittle of the food entered, for thar matter.
The oresence of the carmine caused a rejection of most of the
ford as well, ’

I order to ascertain if substances rejected by the mouth might
yet have the power to stimulate the secretion of the crvatalline
stvle, these were introduced little by httle through a fine pipette
Jircetly into the stomach.  TFine carborundum (120-180 gauge)
carmine, and starch were tricd. Tn none of these cases was any
“iviee of aostyie to be found later. It should be enplained that the

shack of operation was not alone responsible for this failure, for
whon Cleseapse was fod (o the antmals in the same way, it was
capable of renewing the style to a slight degree.  There 18 suffi-
woient groand for the concluston that mere mechanical stinutlation
o the intestine or style sac on the part of fine particles is not
ssulficient to initiate the formation of the siyle. There must be a
stimulus of a chemical nature as well. A reaction to the feeding
activity might have incited secretion through reflexes from the
palps.  Yet this is inadequate to account for the renewal of the
style when Glavcapsa was administered through the stomach wall,

{dY The IEffect of Temperature on Stvle Renewal.

With the anproach of winter it hecomes more and more diffi-
cult to sccure a prompt renewal of the erystalline style on the

resumption of feeding, Where experiments are made in water
of quite low temperature the same behavior is observed. Riddle,

s
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("o, Krogh ('14) and others have shown that the rate of metas
Bolic processes is related to body temperature, In this case the
decrease in temperature probably directly affects the rate of seeve-
tion of the typhlosole glands. It is not improbable that a scazowil
metabolic thythm exists?

It order (o test the effect of temperature alone in this matter
and to eliminate the other possible elements, the following exper-
ment was carried out:

Checks were kept at room temperatare.  In cuch repetiting i
the experiment one jar was placed in the cold water of the oiihe
of an artesian well,  When the temperature was sofficientiy i
duced the experimental starved animals were intraduced
their respective jars.  Meantime concentrations of luke plakia
were made by filtering through fine holting-sill, and the planiion
remaining fn the bucket washed out into the check amd onges
mental jars, ITeach mussel had a jar to itself,  The witer nah
had a decided green tint when agitated, for the concentration wi-
in all cases from 100 volumes to 1. The jars were well shaded
to climinate the possible action of sunlight in orienting the plank
tonts, and thus keeping the food equally available to afl. The
amount of water was equalized, and the mussels so placed that the
exhalent stream played obliquely upon the sides of the jar and
maintained an eddy to keep the planktonts in cirenlation,

The material was collected at about 1000 AM., and abow
three hours were allowed for the temperature adjustment. The
experiments began at about 1100 P.M., and continued from three
to four and one-hall hours, usually four.  The average reimperas
ture of the experimental jars at the beginning of the experiments
was 13.4° C., varying between 12.6° C. and 14.0° €. The aver
age of the same jars at the end of the experiments was 13,17 L.,
varying between 12.0° C. and 14.4° C. There was an average
loss in temperature of 0.3° in these jars. The checks gave an
average at the beginning of 26.0° C,, varying between 23.67
and 30.0°; at the end an average of 27.2° C, and a variation
between 24.0° and 20.6° C. The average rise in temperature of

5 The crystailine style of Mya arenario is reformed more rapidly during

summer than winter, Edmondson (/. c.) aseribes this to the increased melal
olism of the approaching breeding season.
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e cheeks was 1.2% €00 At the heginning the checks averaged
12.6° higher than the others, and at the end averaged 14.1° higher.
Nearly fen degrees (9.6) separated the Jowest check from the
Bighest temperature Inoan experimental jar,  As was to be ex-
peeted the atmospheric temperatures created considerable varia-
tion in the checks (6.4°) and much less i the cooled jars
{z4” C))

Of the twenty animals used only ten showed partially renewed
styles,  OF these ten only two ocenrred at the reduced tempera-
ture, and cight in the checks. The two which appeared in the
fow temperature were smaller than any of the eight formed in the
checks, Moreover, the two were both in Awnodonta, and Ano-
donta ins shown o greater response always than Lainpsilis, never
failing to show some rencwal,  Lanpsilis more slowly loses and -
more slowlhy vegning its style than Anodonta,

While the number used is small, exact quantitative results are
here unanecessary, and there is suffcient demonstration of the
qualitaiive effect of temperature upon style formation. - This
eifect may e partially explainable through the effect of tempera-
ture upon the citia and the rate of Ingestion. But the reasoen mea-
tioned above s probably more pertinent, for the intestine was
wanally found to contain food in the experimental animals,

So long as the quality of the ingested material 1s right, the
quaniity requived to initiate the formation of the style is very
smndl AL thmes a single battery jar of water dipped at random
from the surfnce of the littoral has contained sufficient food to
Testore it in part. Tleld to the Hight the water had given no hing -
of green. Put after it had been siphoned from cae to two hours,
the resulting thread-like crystalline style contained a conspicuous
core of green. _

Where food s abundant the length of time needed to ‘renew
seeretion affer the beginning of feeding is very short. A {air
beginning may sometinies be observed within fifteen to_th'irty.
minuies.  Large well-formed styles are sometimes secreted in’
four hours or less. The time depends fargely upon the degree of
starvation. More often twenty-four hours, at least, are required.

On the whole it is a much more deliberate process than in some




;
i
i

232 WILLIAM RAY ALLEN.

Gdal forms, where the breaking down and renewal of the style
occur thythmically.

Of passing interest is the ohservation that small, newly formed
styles somctines ay he seen coiled ap i the stonaeh, where they
have pushed forth more rapidly than they could be broken up
and dissolved against the gastric shicld.

Résumdé—It is here contended that the erystafline style accon-
plishes a number of purposes, for none of which it is cufired
indispensable, nor entirely a perfect adaptation ; thar it is oo dong
nerlorming an identical, single, primitive function traceable to o
primitive Lamellibranch ancestor. The response of this nrgae

to simmilar conditions 13 much the same i ovarious bivalves: ing

the tranguil life of the inke bas stabilized the feeding aciivity s

the style Tormation in the Unionids, winde the avdes of o
apecios inhabiting the marine Htrord are profonmdh alfected e
tha tidal phenomena.

The formation and dissolution of the erysinihine sivic

on in the same way that a paper, candle-lighter sl 10 entenden

to an ndefinite length by rolling up a sheet of paper of indetini:
length, and burning off the free end as rapidly as new paper is
added at the other

There is no evidence that digestion is furthered during the
passage of food through the style or style sac.

The feeding of inert substances, hoth normally wxd through
the stomach wall, indicates that the mechanical stinudation of the
wall of the enteron is not alone the cause of the secretion of 1
new style. The rate of formation of the style is shown to depend
in part upon temperature,  Little food and little time are required
to set the process going.

5. Trr MECHANISM OF INGESTION.

1t has long heen known that the gills with their great multiplica-
tion of surface are responsible for the movement of respiratory
water, and for the concentration of food material from the

water. It is surprising to encounter in the work of so eminent a
student as Simpson, written only a score of years ago (09}, a
statement that the siphoning is due to the waving of the palps,
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it was shown by Posner (75), Wallengren ('03), and others,
against the contention of M AIpine {'88), that the collections of
food ave transmitied to the Tabial palps, and by their ¢ilia to the

rys

wionuth, The writer shows (Le)) that the ciliary streams of the
upper portion of the nantle chamber all tend toward the mouth
while those of the Tower portion of the visceral mass and mantie
fead aoway fromy the mouth, The latter accomplish the duty
aooribed by AUAIpine to off the ¢ilia, that of {recing the mantle
chomber of heavier materials and vejected food elots,

T stited Dy the writer that the food malerial is subject to
rejection ab four points: (1) the siphons, {2) the point on pills
and nuntle where the food stream passes to the palps, (3) the
furrowed suriaces of the palps, and (4) the lips, at the mouth.
Maore recent observations have all corroborated this,  DPerhaps
the fact has not been sufliciently stressed that only an anssual
chemical ar tetual stimulus results in the closure of the siphons
or hps. The patps somewhat oftener refuse masses from the
gills and mantle by turning aside. The greater number of reac-
tiohs oceur as the food stream passes between the contiguous
palp surfoces,

The werk of Wallengren (03}, and others, has demonstrated
the aetion of the izl palps, the ridges of which are capable of
reversing the Tood stream, Near the distal margin of cach ridge
of the palp surface the beat of the eilia is toward the apex, both
i front and behind, When the ridges are inclined forward, the
effective heat of the cilia is forward: when the ridges alter their
axis, the backward-heating cilla are brought into play and the
others tured wuder,

The conrse of the ciliary streams at the bottoms of the Turrows
Between the ridges i much more difficult to observe,  Wallengren
believes that the eilia strike downwards to the edge of the palps,
and that the resulting streams belong to the excurrent svsiem,
Sivhert ("133, working on snodonta cellensis, says they strike
 the opposite direction—upward to the apex of the inverted V
formed by the two palps, thence forward to the lips and mouth,
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(a) The Réle of the Lobial Palps.

The writer has checked the matter as care{ully as possible, and
helieves that there is ground for the views of both Wallengren
and Sichert,  The details of arrangement may not correspond
exactly in the several species. On the lower ledd of the palps the
cilin under consideration usually strike downward, and those il
the upper half strike upward,  Thus the lighter and finer particles
tend to be drawn upward and forward as food, while the lieavier,
coarser, materials are more likely to be carvied downward,  The
differentiation of the mechanism corresponds pretty well to thit
of the upper and lower portions of the ciliated surfaces of the
mantle chamber as a whole. Tt is impossible to make dived
ahservation of the streaming on any one ridge of the palps, DB
where substances of varving fineness are placed together on the
palps, such as carborundum dust and carmine, there 3s a tendency
to assort them. The carborundum particles move along the
apiced of the ridges and are carvied nearly fengthwise of the palps.
The carmine gravitates farther into the furrows betwees the
ridges.  Near the lower margin of the palps carmine i3 carvivd
obliguely downward and forward, and on the average reaches the
lower edge of the palps before the carborundum. When placed
on the upper portion of the contiguous palp surface, carming s
drawn upward and forward te a greater extent than the cur-
horundum, then forward toward the mouth.

The respective upward or downward pull upon the cariine
e aceentuated by stretehing the palps lengthwise, thus drawing
the ridges farther apart and exposing the ¢ilia of the furrows {0
a greater extent,

Attempts were made to effect a reversal ol the ciliary currenis
of the furrowed surface of the palps by injections of cnrari
strvchnin, atropin, pilocarpine, and hy electric stunadation, The
injections were made through the body wall into the sinuses neay
the hase of the palps. Observations were made at various i
tervals from ten minutes up to several hours after injection. It

was never found possible to control the reaction,  There was n
perceptible response to none of the several drugs exeept strychnin,
This sometimes caused a contraction, at other times a relaxation
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of the palps, When the palps were in a state of contraction, most
of the stremming carmine and cathorundum were drawn to the
cddpe and o fhe mantie chamber, These neager resulls tend to
corvoborate previous observations on the veaction of the palps-—
that food may be rejected through a greater or less erection of the
ridges,  Negative results prove nolhing, while ever so slight posi-
tive evidence may be taken as an indication that a reversal of the
ciliary streams can, and actually does, take place, through the
bringing of another set of clia into play.

The above shows clearly that the palps bear two sets of cilia
working at right angles 1o cach other.  Due to their interaction
materials often travel obliguely downward or obliquely npward.
The former waterials are clininated at the lower edge of the
palpg, the latter reaeh the moath.

The effeetiveness of 1he assorting mechanism s well brought
el by the measurernents of the ingested particles, The largest
fragment T have ever secured from the enteron was found in the
intestine——a pinnately branched alga 3.3 mm. in length, probably
Myronema. The second largest particle was a bit of Oscillatoria,
1.5 mnw in fength, It is unusual in Winona Lake mussels to en-
counter fragments of greater length than 500 microns,  Starved
individnals, probably experiencing a sensation alin to hunger, are
abserved to ingest freely much more large material than under
normal oircumstanees,

Nelson ("18) has deseribed the action of the food sorfing
coenm of  Sodiolis, s divertionlum of the stomach,  Since
Modiolus ingests laree quantities of sand in its periodic feeding,
Nelsen's cavune affords a means of separating food {rom sand.
It has been shown elsewhere 'in this paper that feeding in the
Tinionidie is a more constant function, and that little sand and
md are taken into the stomach,  The giils and labial palps are an
entirely sufficient assorting mechanisn,

(Y The Gils as an Assorting Mechanism,

Fittle attention has been given to the gills as having a possible
food-sorting function, T find that they play no small part.  Clots

of mucus taken from various parts of the gills and palps have
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heen examined, and often contain little but the fiaest ineestibie
material, This was well shown in the case of o Glwocapsa enl
ture fed to o starved massel, The culiure was vcr_\‘-pm'c eReep
for numerous fragments mueh coarser than the Gloecapso itself.
There was an almost complete separation of Gleocapsa Trom the
other material by the gills themselves.  Almost all the largey
fragments had been separated out by the gills themselves before
the finer had been agglutinated in mucus,  Litde of the fonmer
was found in the masses present in the alimentary trac

The marsupial function of the gravid gill of the female inters
fores somewhat with its respiratory and {ood collecting funetions,
Ortmann (12 has shown that secondary walvr tubes appear. i
which water cireddates about the cgy masses, and aecomphsdios
thie neration of the eggs and glochidia, Vet the volume ol waier
siphoned is much less than i the case of the non-marsapial gl
This is well brought out by the fact that the gravid females abmost
invariahly regenerate the crystalline style much more slowly than
others.  When kept under artificial conditions for some thue the
rill-masses are usually aborted, another indication that the gravid
wifls are unable to meet all the demand upon them. The grendet
remotencss of the marsupial gill has suggested that it has become
differentiated for the storage of the eges and has lost its food
collecting function.  This notion is pretty well refuted by the
facts mentioned above concerning the regeneration of the style in
gravid females as compared with non-gravid females, Tt s
also been suggested that the mantle has tken over much of the
respiratory duty of the gills, If this were true the gravid femate
should be under no special respiratory difficulty.  When firs
brought into captivity these females die at a much greater rate

than others. The accessory water-tubes scem to be a very -

fia. but atfor?

perfect makeshift, sufficient perhaps for the gloeh
ing the mother little aid,

Since in the gills and palps there exists a mechanism well
adapted for the sorting of food; since both observationally and
experimentally this mechanism is shown to accomplish a con-
centration of food; and since the contents of the alimentary
canal have a decided green or brown color due to such concentra-
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tion, we may feel safe in the reiterated conchusion that the
Upionity exereise choiee in the ingestion of materinls, As stated
be Zoelorins Cord, Petersen (), the weiter Uy, Daker
oy, and others, considerable quantities of inorganic and organic
debris are carried inte the stomach with food.  Prebably much
ol the stafl which Evermann and Clark C1y) eall “mud” s
arganic.  The Tact that neither they nor other writers Jist send in
the stomach contents s further evidence of a selection of food
material, and that river species are not an exception.  Starved
mussels were placed in the lake in two localities—{1) an open
feeward shorve in dear water; {2) near the outlet of TPocahontas
creck, In muddy water following a rainstorm,  The mussels of the
first situation reformed the ervstalline styles within a few hours,
The others contained great (}U:mtitibs of maddy mucus, and did
not have well renewed styles untit the following day. The slow
renewal of the style may he accounted for in part by the dilution
of the food. But the presence of mud must he held partially ac-
couniabie, for mnediately alter the subsidence and ¢l ‘:11.'iﬂg' of
the watdr 11 was always Tound o contain ample food material to
renew the style promptly,

In mwost species the position of the siphons at some distance
above the substratum tends to keep out most of the grosser
particles, admitting litde bat plankion and other materials in
SUSTIeRSToN.

tu the disensaion of the crvstalline style {(p. 227 the {eeding of
specifie inert aubstances were reconted. When sueh materials
which were readily identifiable were admitted with the incurrent
waler they were inno case found wn the alimentary tract,  As
{ar as size is converned these particles could very readily have
eniered the wouth,  Since all were rigidly excluded we cannot
donit that sense organs exist for their detection, and that the
assorting mechanism is a faely effective one. OF the materials
mentioned only starch might be expected to have a food value,
though we canmnob assume that it is in acceptable form, As a

nutter of Tact the rejecting reactions were more vigorous in re-
sponse to starch than o the other substances.
I the above experiments on the crystalline siyle neuiral sub-
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stances were infroduced through the body wall into the stomach
At Tater periods the intestine znd vectuny were opened. Carpiiue
and stareh graing were recognized thronghout the Tength af the
alimentary canal. Only a few carborundum thikes were fontnd
in the infestine, and the rest were not carried out of the statich
Tt is thus shown that the ciliary streams of the intestine e
capible of manipulating only minute particles. The cilia are o
small or too sparse to take care of the rz2o-guge carborundas:

cven in suspension in the Tiquid of the gut Thus they wuet be

altogether inadequate to keep a streany of sanc i rihon, i sand

were ingested, unless it were of extremely o

() The Marly Fucrnustation of e Sae
Sinee the dense, By incrustation deposiiad o the viponad v
tions of ihe shells of Take mussels 33 the site af the aopve neoite

P

tion of diatoms, T suggested (Le.) that g ol

food. Tn order to test its food valne the following simple expr
mient was made

A number of freshly collected mussels were placed i wn agua
ium; an cqual number, having the incrustation scraped and
washed off, acted as controls.  During intervals, covering several
days the animals were opened and the condition of the ervstalhae
styles noted.  The experimental animals were fonnd to contain a
trace of the style up to the fifth day, while the cheeks had virtustly
lost it by the end of the sccond day and entively lost it on the
third, OF course the crowding created rather speeial conditions.
anlike those of the lake. The conclusion is that the incrusiation
contains considerable food.

6. SuMMary AND CONCLUSIONS,

1. TFeeding in the Najades is a nearly constant function under
normal conditions. The presence of much undigested and some-
times living matter in the rectum and feces shows that there 18 1
greater fiuctuation in the degree of digestion than i the rate of
ingestion.

2. The posture of a mussel has no effect upon the continuiy
of the feeding process, a further indication thaf under noral
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Sirennttanees ineesiion nay go on with less effort than an ntogs
rapling of Tecdin,

1. The retven of undipested material from the iniestine through
the style sae to the stomach is an unusual occurrence in the
Nagades, which tukes place only after periods of starvation, and
which is interrupted with the reformation of the style. It is a
function nuueh less significant i the Najades than in the tidal
forms.

+ Fxperiments in feeding relatively finer and coarser plankton
show that both are capable at least of stimulating the renewal of
the crystalline style.  Both have food value, It is probable that
the nannoplankton furnishes a much greater part of a mussel's
food than has heen suspected,  The studies of intestinal contents
of (he Uniomds have not demonstrated what the actual food is,
but rather the undigested residue. Fxperiment here has shown,
however, that e organisms undigested in the feces are some-
times digeated, ander another set of conditions.

5. Starved animals fed in Poeabiontas ereek below the outlet of
a4 seveer showeed the Tollowing peculiarities in intestinal contents:
(1 the ocourrence of many relatively large organic fragments;
{2 abundance of minute flagellates; and (3) great quantities of
Oseiflelorin tlament,

6. The recencration of the erystalline style is in response to the
ingestion of {ood, wnd not due to the physico-chemical character
of the waler,

7. Creek-fed mussels show a variation in the color of the style
through hyaline, amber, and milky. The apparently rhythmic
character of this variation corresponds roughly to the variation of
sewnee discharged from a septic tank. “Yhe milky color is ac-
connted for by the presence of bacteria. '

8 A renetition of experiments in feeding infusions indicates
that flagellates {and bacteria) present are responsible to a greater
extendt for the renewal of the style than are the bulkier ciliates.

O, The reformaution of the crystaliine style is a satisfactory
ndex of the rencwal of the Teeding activity.

1o, The funciion of the erystalline style varies. It may more

or fess boperiectly perform several functions at once. The




240 WILLIAM RAY ALLEN.

rhvthmic loss and renewal of the style in tidal forms has ws
parallel in freshwater species. '

11 The feeding of specific substances 1 high CONCenLriting:
never produces a renewal of the erystaliine styie unless such sube
fanees have a food value. No ndication was observed that dw
stimulus for its secretion is a mechanical one.

12. The style s much less readily formed in autunm or Wi et

That temperature is responsibic is shown By exporiments in wi
tarved mussels were fed a concentration of plankton in water o
high and low temperature, respectively.

13. A very small amount of plankton 15 wuflici

it L0 sinnnai

style formation.  Also only a short time 1s vequred,
‘Ifll, The Ifabial paips are the primasy assoviing maechasiieg
The oills are of considerable Importance in this aner aio
5. Sand s never ingested, ar feast by fuhe Torss, and nnn

-
B

phily. Much dess vorganic debiriz Wy b b
sromach than would be the case i seleciing wore not exercisad B2
the gills and palps,

16. The cilia of the alimentary canal are unabie 1y aneve Canrs
materials, or to maintain a stream of sand or heavy mnd.

17, Gravidity of the gills is a serious hindrance 10 the respira
tory and alimentary activities.
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