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INTrOBUCTORY,

With (he inereasing commercial demand for mussels and the
rapidly diminishing supply we shall have need for adl the availabie
information coneernipe their life history,  Lefevee and Curtis
(‘12) have done a grear deal toward solving the preblems which
beset artificial glochidial infection,  Much may still be learned
concerning the practicability of artificial feeding, the nature of
therr coemies and of thelr discases.?

FBE paper s the resull of olservations made at the Todiana University Bio-
hopend Scacion, o Winona Lake, Tndiana, under (he diree tion of Prof, Will ‘-U)tt
B dorme comiribuition Noo 1 go of the Zodlogiead Labortory of Indiana ¥niversis v,

AR Importane obstachs Lo their snecoessinl colUivation is offere o Dy the peslluuon
el steeis, searches wlich Tmade on several oecasions in a cortain sec tion of the
Misstssinewa river, into which oil and salt water from oil wells, and sewage from a
paper will are poured, failed to produce a single living mussel, althongh' there was

an abundance of empty shells, At this paing, during the dry season, great schools

of fish take refuge in the shallow tributarios which arc freer from pollution.

izy
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The mussel, regardless of its considerable size, depends entirely
for {ood on the microscopic organisms Hoating i the water, and
offering little resistance to capture, That this dict is satficient,
is probably duc to the comparatively inactive life of the animal,
Energy is further economized by a partial combination of the
functions of respiration and {food-getting in the same organ-——the
gill,

Tae CiLia axn THEIR ACTION,

The filaments of the gills are covered with cilia whieh intercent
the particles contained in the water and prevent their passing
through the gills with the water. They become entangled in
mucts ancd through the action of these cilin such partiches are
witlled toward the mouth in strenms. H they are of o horndess
nature or of food value, they are permitted to enter the alimentary
tract.,  During the ncubhation of the glochidin, the fomale gives
up a greater or fess part of one or hoth of the gills for marsupial
purposes. At this period these parts are of e use for res-
piration or for the collection of food,

Cilia similar to those of the gills line the entire branchial
chamber, cover all organs which come into contact with the
water, and also lne the alimentary tract. They are, as is
always true of cifia, in constant motion during life; they act
independently of nervous control and in a single plane. Their
concerted action is in the form of waves—resembling in appenr-
ance the passing of a breeze over a ficld of grain, or, as Fickl (o)
has said, the movement of 2 baok of oars. The direction which
these waves or stresms take varies in the several organs, But all
of the streams taken together are cadrdinated to accomplich a
certain conmon end. So vigorous and power{ul are the cilia
that, when an organ or portion of one is removed and placod
upon & smooth surface lor study, the whele mass is moved by
their action slowly and steadily in o direction opposite (o that
in which they ave dirceted. Small parts will even ciimb the
side of a wateh glsse MeAdpine (88 found that seven twelfths
by weight of the solt part of the animal may thus be move! by
ciliary action.  As long as the part so removed s kept in wider
their activity continues, even for several davs,  In one instance

MeAlpine keptthie cifia of marine clams living for eight digvs alter
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their removal from the animal. This illustrates the fact thar,
white the cili generate considerabie power, they accomplish it
rpon a nunimem of metabolisp.

The generat character of the feeding habits of mussels has been
known for nearly a ceatury. Fragmentary Dits of information
on the various phases of the subject are (o he found in the Mol-
luscan Jiterature, particularly that concerning marine forms, to
whose study economic interest has added impetus,

RNCOPE AND NaTURE OF [NVESTIGATION,

Fehas Been the purpose of (s Hivestigation 1o determine for
fresh writer forms, (1) what their Tood is, (2) how food material
resches the adimentary tret, (For the most part there is great
sinilarity o the marine Limellibrancha in these (wo pariiculars,
but there are a fow essential ditferences.)  (3) Tncidental to the
above a few observations concerning digestion.

Martiriarn,

In the work upon the nature of the food, lake-dwelling mussels
were used altogether. Inthe other studies river forms were also
useed. Besides one or two unidentifioc species, the {ollowing were
criployed:

Lasm psilis Liteolies Vamarek
Leanmpsilis subrostratns Say
Quatdsnfa vubivinase Lea

Lam psilis alatus Say

Lampsilis recius Lamarck

Litia oibhbosns Barnes

Lampsilis lgamentines Lamarck
dwodonta grandis Say

Being by far the most numerous at Winona Lake, L. Tideolus was

used for the greater part of the work.

ANATOMY, AND PrEvious Work ox T FoNerion or 1
CiLia.

The mouth of the lamellibranch lies nearly as far as possible
from the external openiags, Just behind the anterior adductor
muscle. Ttis thus well protected from the entrance of harmful
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substances. It is flanked above and below Ly the thin narrow
lips.  The upper lip is continuous with the outer Iabial palp on
each side, while the fower lip is profonged into the inner right
and left palps. Most of the cilfary currents of the contiguous
faces of the palps and of the lips are directed forward o the
mouth (Figs. 3 and 5).  The outer ar non-conticuons faces of
both patps and lips (Fig. 4) as well as the edee of the inner face
of the lipy, bear ciliz which are divected hackward and away from
the mouth,  Thus particles which find their way hotween the
palps are carried to the meuth.  As will soon e seen, very e
undesiralde matter ever reaches the mouth or palps, bhut even
here Wallengren ("o5) has pointed out how selection and rejection
may be made.

As shown dingrammatically in Fig. 4, the inner surfaee of the
labiad paips, except their outer mareins, are made up ol minne
vertical vidges, or furrows, These constitute o guite complex
mechanism for the sorting of materinl. Tn cross scetion Jength-
wise of the labial palps) they appear as in Fig, 5.

Upon the ridges as dlsewhere occurs oo cilinted epithelinm, But
the cilinry currents are disposed in a unigre manner. Upon the
anterior slope of each ridge they are directed backward (Fig 5, p)
while those on the posterior slope Tead forward (Fie. 5, ). This
seeming conflict is not such in fact, beeause only one sot of eilia
comes into action at o time. The positon of the ridees deter-
mines which set shall function at a given moment.  Their normal
position scems to he that scen in the two ridees on the vight o
Fig. 5, asomewhat reclining one, overlapping one aunothee owid
the anterior. Thus the after slopes (o) ave ordinaily Droucht
uppermost, the cilinry currents feading to the month are npon
the surface, while the cilin (p) which lead from the mounth e
somelrwat underneath the vidges. 5o long as no adverse stimuli
are received, particles which fie between the palps are thoueht
to be passed on forward from one ridge to another, 1o (e lips
and mouth,

In the event that distasteful matier reaches the palps o reilex
erection of the ridges (Fig. 5, 7} brings uppermost the ¢ilin leading
backward {p} and such material is returned from summit 1o
summit to the edge of the palps and dischareed nto the mantle
chamber.
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Tis extrentely ditheult (o observe the cilin which lie at the
Lottoms of the Tarrows Onf), Wallengren (L) ascribes to them
ithe daty of carvying leagthwize of the Tarrow to the lower margin
of the palps the minute particles thet may fall hetween the ridges.
BBut Siebert (13) thinks they lead o the opposite direction.

T the event that any particles get past the palps they may still
e rejected at the mouth. A strong compression of the lips will
Force them outward o the cdwe of the lips, where they encounter
the cilin direeted backward (Figs, 3 and o, Tower margin} and are
carried 1o the edee of the palps and dropped into the mantle
chamboer,

The outer surfaces of the palps and Tips have as their linetion
the remosal of particies from the mantie chamber (g, 4.

Ve Apine's () observations upon the movements of detached
parts lod him o conelnde thae the padps and gills have nothing
to Jo with feading, and that they are concerned only with carry-
ing away forcign material. But Wallengren's (Le.) conchusions
are based upon far more careful and logical experiments, and
Sichert™s (L0 reeent paper on the epithelium of Anodonta is of a
costfirmatinry nature.

ODB=ERVATIONS,

The ciliary currents may e ohserved quite readily on a nussel
Tromn winels the shell and mutetle of one side have heen remaoved, or
o detaehod pares, which, as stated, eontinue (o exhibit ciliary
activity for o feng times Small goantities of carmine, indigo, or
other nearhy nettral coloving matter may be dropped upon the
part to b studied, and their Dehavior noted.  Care must be
exercised in the amount of water used, The less water the
hetter, within Hmits, for in a large amount of water currents
puivchscnre theaction of the cilia. - The surface of the organ must

e doNe Tnoareley Y0l

ational dsterbance, A small

Hicce of any ciliated organ, when placed in a watch glass with
water amd a very little color, will show under low pawer both the
ettt and their currents in great detadl,

The Ciltary Streams.
The fivares will show more clearly than description the course
of the streams of material eollected from the water.  All the

S WIS
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mitterial githered hy both eills and by the dorsal part of the body
c-;»i%hvlimn and mantle muest finaliy reach one of the three ad-
Jaeent pointso-(1) the mantle just above the palps, {2) the hody
wall just opposite the fivs pnml or {(3) a point on the odge of the
inner @il just above the labial palps. All these arce within easy
reaech of the palps (Fes, 1,2, 4, :md 6.

Na one, to my knowledge, has succeeded in inducing a mussel
o behave normally, alter the shock of removing parts of the
shell and mantle in order to observe the palps at work.  But 1
have repeatedly obtained the reactions which oceur. When the
palps lie in contact with cither hody, mantle, or gili, their collee~
Gons of material pass between the palps and mouthward,  Other-

Swise such materind i carried on down by the several striuctures
and disearded, The fact that the upper marging of the labial
palps adhere 10 each other :m(l form a trough (Figs. 4 and 6)
makes it possilbie to reach at least two of the three sources of
supply simultaneonsly,

Siee we have the mechanism Tor stuch a method, and since the
remetions, thoogh fragmentary and under abnormal conditions,
are nf a confirmatory nature, we may safely infer that the labial

vl e actually aceept or refuse food, either through reflex

snmuh or In response to voligion.

The Fuwction of the Mucus.

The entire epithelum fouching the branchial chamber is
undantly supplicd with glands which seerete a mucous sub-
stanee (Sichert, Le). The mucus envelops amd hinds together in
sirameds the naterial 1o e transported by the cilin. This is
particularly true of those particles which are ol o very distasteful
niture,  That this secrction is dependent on local refloxes is
quite evident [rom the fact that it may be stimulated in an organ
entircly severed.,

It is this colleetion of food in a film of mucus, which makes
possible the mechanism of the furrowed surface of the labial
palps.  If cach particle were manipulated independently, it
would tend o eddy back and forward between the opposing
streams of cilia, and considerable conlusion might result.  But
a slrand of material spans the summits of several ridges, and
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while touching cilin that lead in both dircetions, it obeys the
ciliary streams which lie Uppermost and exert the greater forve
upon i,

Conclusions on the Function of the Ciliary Currents.

The surfaces of the gills and of the upper peet of the mantle,
and the contiguous faces of the fuhial palps, in fuct, nearly all the
upper parts of the mantle chamber, have for thejr geners) purpose
the carrying of foad (o the mouth, The lower part of the mane
chiomber, upon which the heavier ragments are likely to fall,
are concerned principally with removing undesivabic nuatier from
the animal,

Tur SeLicrion axn Riujiemon or Foon Pagiicnis,

Observers have differed widely in their notions of the ability
of the mussel to seleat its focd.  To me it is evident thay there
are, to summarize, four points whoere suel choice 1s exerefeced -

(1) The tabial palps, at the upner margin.

(2) The Iabial palps, on the Murrowed surfaces.

{3) The mouth.

{4} The incurrent siphon.
As to the s, it s surrounded by arow of pointed, Heshy papiflae
having @ resemblance 1o plant structures. These hive (wo
sensory {unctions-—inctile and gustatory; for upon heing i
turbed mechanically they are withdren mto the shell, while a
continued teasing, or g strong chemical stimulus results in il
closing of the shell, or perhaps only the siphons,

[t s true that some material of no food viloe finds its way into
the alimentary canal. But the quantity is far smaller than i no
sclection were nuade, aml is of o harmiess nature, AN diztineily
injurious substances are sigidly exchuded,

That which has heen rejocted ot (he ol palps, or eill
accumulates upon the Jower posierior nurpin of the mantle or
body wall, along with the eollections made by these paris them-
'sc{vcs, and s here massed in clots of mucus. When this has
attained consideralile size (he animal cjects it with o rapid
current of water, set in motion hy a quick contraction of ihe
adductor museles and closing of the shell (Figs. 1 and 2. ri.
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T RaTi 0F SIPHONING,

An effort was made to determine the rate at which water is
siphoned throngh the nmssel. 1 this can be done it will con-
tribite (o several quantitative studies relative to the feeding
habits, and that of the effeet of temperature and other conditions
upon the activity of the cilia

But it is very diticudt to attach apparatns for making measure-
ments to the siphons of the animal, Intimate contact must be
nrde o avold Teakage and a high pereentu ol ervor. Sach contact
rritaies the mussel, so that it does not behave normaliy,

Tnoonbv one mussel did T suceced in obiaining what seemed a
nasiind cirenlittion of water, when under fhis annoyance. This
wis done by plreing a shore piece of solt vubber tubing in the
evenrrent siphon. oo the end of this was thrust o calibrated
slass tabe, Baving a capacity of 2 e.os between two given marks.
The point of w pipette containing neutral coloring matter was
st into the rubber just outside the siphon. The mussel
with this simple apparatus was put into an aquarium near the
Lee, where the waier could be ehanged frequently and the Take
conditions maintained. A touch upon the pipette released a
drop of colorimg matier Into the tube, where it encountered the
streim fowing from the excurrent siphon,

This individual was a L Lideelns weighing 200 grams with the
mantle clumber Glted. T requived five seconds for the pigment
o pass between the two marks upow the tube, whenever the
ewrrent siphon was opened fully, The reading was repeated a
nuamber of thmes at intervals, with the same result.

Wiile (hese are hut meager resules, they give at least an idea
of the volume of water siphoned. At the above rate there are
siphoned 23 ¢ per minute, 1,440 ¢.c. per hour, or 34,500 c.c.
ner duy. To Alter a liter of water would require 42 minutes.

IMGESTION,

Dicestion fuctuates more in the caze of mussels than does their
feeding, That is, the animal continues to feed regardless of
appetite; hut the degree with which the food so ingested is reatly
made use of seems to dependd upon the relation of supply and
demand. At times nearly all the intestinal contents are found
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to be at least partially digested; while again much material is
found, even in the rectum, in perfect preservation, and often the
ficces themselves contain forms which are apparently unallected,
Hence we may conclude that appetite fulfills its function by the
control of the sceretion of the digestive juices, without 1he
vohmtary regulation of the food supply,

Tue Crysravning Seyve,

The literature on the lamellibranchs is particularly rich in
speculations concerning the function of the erystalline style; but
I cannot forbear adding a word here parenthotically on the sub-
ject, by calling attention 1o the excellent work done v Mitrg
Cor) upon it, He reviews all the previous theories and Pl
the experiments, extends themy, and Hrings physiology, clicmi ey,
and comparative morphology to bhear upon the matter, so 1
there seems 1o be no way of escaping bis conclosion thit (e
stvle is a digestive ferment which converts stareh into AL
The previous hypothesis of Gegenbaur, that it is a secrelion of
enterie epithelium, he holds to De troe, but savs that this docs
not account for its existence.  Against Balfour's notion that the
style is a rudiment of o radular sae he hrings sis welphiv proody,
and dismisses with two objectons cich the theories of C s and
Sedewick, that 10 s an exerction prodnet amd a reserve of nutrie
ment, respectively s

I two minor pitiendars my observations do oo peree wn i
those of Mitras (5) Tican experinent upon (he pencwal of 1he
styte he concludes that it appesrs and dhsnppreaes pesiodiendiv,
But from the deseription of his experiment we God (it the waner
and food supply were renewed at regobar infervals, whonee e
periodicity. Ina simitar experinient of iy own the crysialting
stvle was found o disappear only with the biek of Tood, el to be
regenerated only when food was supplied, recardioss of time.
Then too, aslong as the food supply is alundant the vie is never
wanting,  In all mussels freshly ramoved from the nke i was
found 1o exist. Tnoall mussel froshly removed from the Take
itwas Townd to existe Inthese matters the work of Haselofd
("88) also confirms my point,

Heace the Tood sepply must be a factor in its seeretion. As it
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ts dissobved when food s Tncking, and as it is 2 proteid, why is not
Sedpwicks theory as 1o it heing a reserve Tood supply alse true?

{2} The presence in the core of the crystatiine style of cells
similar 1o those found in the Heer epithelium leads Mitra to
conclude that the liver is the probable origin of the structure,
This also docs not scem well substantiated, especially o species
where the styvie Is found in o diverticulum.  No channel for the
passiee of o seeretion from the Hver to the seat of the style has
been discovered, and the cilintion of the stomach and Intestine
forbids their aiding in is fransmission.

Since the publication ol the above paper Grave ("o3) has sug-
gosted o his worle on the oyster that the erystatline style may
poerlorm the duty of preventing coarse particles from passing
throneh the digestive canal. In fresh water mussels T can sce
Lut one way in which the stvle may attend to that function—hy
divesting the said particles, There arve at Teast two ohjections
to this explanuion for fresh water mussels (1) As we have seen,
the animal is well protected against the entrance of such par-
teles, (2) Do ense they were admitied to the stomach but kept
out of the Intestine, they would accumulate in the stomach, for
it nor equipped with either @ muscnlar or a ciliary system by
which these cnuld he oxpolled througly the menth. Then oo,
the month is no larg ¢ than the intestine and no more capabie
of receiving them, The argest body 1 have seen in the alimen-
tary et owas oa fragment of Oscillatorie {or stmilar form)

measurving 1.5 mn in length,

Foon Materians,

No one hut Zacharias (Co7) seems (0 have undertaken a detailed
exiination of the contents of the alimentary tract of the lresh-
witter Tovms, so b give the results of a purely qualitative examina-
thon, dnomarine muassels 14 s said that the Tood consists almaost
gltogerher of minate plant forms, and of these almost all are
Diatomaecew. Tn the mussels which T examined 1 lound a some-
what dilferent condition.  In the first place there is a little
higher proportion of animal food present. Living animads are
found but rarely, and most of these are apparently living tran-
siently upen the contents of the tract. But the mussel does
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Iy

not refuse minute dead animals or small fragments of sloughed
and decaying animal tissue, In many cases bits of material
seemingly the carapaces of small crustacea are found to resist
digestion throughout the alimentary canal. However most of
the antmal matter consists of shapeless unidentifinble frazments,

In ovder to determine the ability of musscls 1o caproee and
digest living animals, a fow were kept without food for several
days, thea arich culture of Peramecium was adided. Phis was
found 1o be of sufficient nutrient value to regencrate the cryvstad-
line style in part. The digestive tract wie seen to Be (lled again
with hall assimilated materiall Tew living  Paramiecic were
discovered heyond the stowach, thus corroborating Vost and
Jung's statement (‘1) that divestion is nearty completed i that
OrEan.

b the second place, the plant material docs nor cobeinl o
largely of diatoms, there heing probably as many other algal
forms.  Very few desmids were observed, in fact only three
genera which T eould identify with certuinty. But Winona Lake
does net preduce many desmids, and 11 is not probable that they
are discriminated against where they exist more abundantiv,

The following is a list of genera recopnized, There woere several

more which [ could not idenily,

Darontacias. Orier Avgoa.

Amphora Anabona

Arachnoidiscns
Cocconels
Coceanem
Coscinodiscus
Craspedodiscis
Cyahedla
Epithenia
Fragiloria

(rom plionema
Melosira
Navicula
Plewrosiema
Swriretla

A piinoen psa
Ceolastrionst
Cylind roei pso
Fueddorina!
Gleocysiis
Leptothrix
Lyverghve
Merisnropedig!
odogoninm!
Oscillatorin
Pundorina!
Pediastrim?

Prolococens
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Syared ra Rize pldelivm
Triceraiinm Seenedesmtis
DEsMinaCiEa. Spirogyra
Closterium Tetraspora
Netrinm Ulathrix
Stawrastrim! Vaucheria

MiserLpaNtous CONTRNTS.

Tnoreanie frarments,
Plant and antmal debiris,
Boked,
Onva and spermatozoa
OFf other animals,
Of the same individual or specics,
{The sperm Hiving and in motion),
Spores and swarm sporcs,

The posterior hall of the mussel shell, the part protruding
above the substeatum, s ousually very richly encrusted with
dintoms and other atae, This may serve as a private gavden,
and particles distodged by the passage of the animal along the
Botten thus be brousght into the incurrent siphon,

In aeddition to the very vahmble assistance which T have
recetved Trom Prof, Seott, T wish (o acknowledge by indebied-

¢+ ness o the John Crerar Library of Chicago, through which T was
able to procure several uselul references, and to Profs. C. H.
Fivenmann and W, C. Curtis, who have made indispensible
critieal suggestions,
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142 WILLIAM RAY ALLEN.

EXPLANATION OF PLATE 1.

The arrows indicate the directions of Lhe elliary currents.

The arrows which follow the niarging of the inper gills show the direction of
cillary currents in (he troughs which form their gnder cilpes (Fig, 5, 1),

X xaxxxindicntes the Hue which divides wonthwird-Bowing styenme from
those Teading prsteriogly,

b all exvept Fige 6 ud 7 the bl ahle is prosterior aind the cight angeeior .

i s (Adapted from Walleneren,)  The orgahs comeetmed with foodepetting
the right shell removed amd mantle folded back; alowing ciliary streams of muntle
andd gills,

Frio2. {(Adapted from Watlengren,)  As in Fig, 15 mantle gills aned pitips of
right side folied hac

howing cilinry stremms of ey will and Body wall,

Abbresiations,

AL anterior, I oposteriar,

I foot, Foomueous aecumulntions of refise
&, inner gill, nleria,

Lo outer gill, &, =iphon,

Lp Tahial palps, Noopeine of enmvergence of chinry
mrd, right mantie, crrents pear nhind palpe,

aex, el e,
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144 WILLIAM RAY ALLEN,

EXNPLANATION OF PLATE 1L

Fie. 3, The inoer labial palp; outer padp removed; normal ¢ibiary stremmns of
furrowed surfage,
Fra. qe. (Slightly diagrammatic. See Fig. 48 The lef Jabiad padps, adjernt

free, and em? of gifls; right mantle, gilly amd palps, aned u

removetd; showing point () whuere streams of food from wills and mantle coverpe
at the labial palps,

Broken arrows indicate the ciliary currends of the mantle; solid arrows (hose of

the gills; and barbed arvows those of the palps. Whie (he broken arrows s
seen upon tie gills they arconeant to appdiy to the manthe just benesth,
Fro gb. Rey to Fig qu; alt organs ressoved except fofe manthe, gifls and palps;

the arca within doubie lines has been enlarged s Fig, g,

Abdwevialions.

A, ancerior, 1, posterior,

aq, anterior adductor muscle, pu, postesior adductor nsusele,

I furrowed surface of Jabial palps, roonitenrs accumukitions of refuse
ef, inner gill, tiiverind,

ger, oteler gilly e, stprihranehiud chanber,

1o dips secenenrrent siphon,

1y, tabial palps, st incerrent siphon,

fe, lver, spo line of attachment of the palps
writ, unfurrowed margin of paipy, to cach other,

ey, lelt mantle, NLopoint of comvergenee of oiliary

currents near fahind padps.
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146 : WILLIAM RAY ALLEN.

EXPLANATION OF PLATE 11T,

FiG. 5. Cross section of ridges on contiguous surfaces of Iabint padps (Ko, g0, £5)
showing thelr several positions,  While 4 i uppermost {as in J7 and 7 Y inaterind i«
arried mouthward; when pis rabad by the erection of e ri fre G b F) (e o

i reversed toseard the posterior, and the el o no longer Dinetioe,

[

Fuiono (8lphtly diemmneite.)  Croes section of the ciliired cnpane

cerned with fosd collecting: showing how the Tabial pilps 0 By oeei by it v |
prasitions in the mantie oliamher, Ty iy ol vecebve the tratesiad collecle]
N As g madter of Nt the prdps i spron aliost e entive width of Pt Te
chamberat this point, but the width is exaggerated here to show detadls with wroater
clodaress,

FiG. 7. (Alter Posier) Croms secton of the odue of inner

groove () by which material is Uransported toward the palps,

2ills showing the

Ahbreviations,

I, ridge erected; carrent reveysed, m,omantle,

TE-THE, normal position of ritlges, el it bottont of Turrows,

A, anterior, P posteriar, .

g eilia direeted anteriorly, £ovilise divectad posteiorty,

f. font, fotteons eemmlictions of  pefgae
of, inger pifl, thisterind,

o, outer pif, i tromghy b nwargio of inner gilf,

v, interlamellar chamber, X points of converpenee of ciliary

p. dabial palps, ciirrengs mear fabind palps
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