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4480 PULLETIN OF TR DURBAU OF VISILERINS,
INTRODUCTION.

Dt eomnection with experiments bheing carred on by the United States Bureaw of
Fisheries st 13 biologiend stntion at Fairport, Town, relative to the propagation of
commercinl apectess of Tresi-wiier n‘ma;»wik;, it beeame important to hoavoe as procie
piformation as possible coneerning the food re gun'erm'.m.r; and the feeding procemaes
ol theso m‘-!s-ac\} a0 With these considerations in mind, the Investisntions fo be
1hed hereaftor were undertaken,  Bince any atfempd at propagalion must deal
especiadly with t%e voung mugsels, 14 18 very essential to know exectly the foeding
v \umnn of and the food required by the juvenile mussels that are bemg handied

} ¥

therefore, espeeind emphasis has beon Latd upon the stadv of

U juvente musaeia,

Lo ork was carrie

4

on by tho senior author durt

WEUE:\.", 1971 , itk Bolhie Eingiod
station, Pairport, Lowa, and daring Awsise, B

Y mu;, fowa, and by the loiud
L badn

story, Lol U
- ab the I
for the

Sleaboratory.  During the ‘i:!‘l.{,'\%r' SO T
ugiy f juvenile mussels was prosented i (he nee

ol Lemonsiliz butesla and L. Ggamentine, which weve being roared
e tuglily suecessfud propagation experiments conducted by Do AL
3o Anson, of the E‘mi‘pm‘t station of the United States Bavean of
Any desred quantity of speciens was Treely phaced b our disposat by
l?:mvn to whom we wish to express our gratitude.  Thanks wre due
i. "w“ ton O }NE\, also of the Fairport station, whao very kindly supplied wowith
nuerss apecimens of fovenile mussels of varlous species whieh he colfeeted from
the siver,

Tho photomicrosraphs wore talien hy 01D Soathall) of the Fairport biotogicud
sladion,  Fioures 13 aaal 6 wers deawn by Edwin Mebsenholder, ostadest of the

PN

sertor author.  Acknowledement s made to Dean € P, Lovymen, of the & \;;wr‘h-
ment of biclogy, [ niversity of South Dukota, for reading the text nmi foru.ugg;g bt

Opportanity is here taken to thank the United States Bureaw of Fisheries for Lhe
fs‘zm.m,,zal support that rendered the investigations possible and to {\:\p CRE LT
appreciation of the courtesies extended by R. T.. Barney, director of the United
‘wheries biclogical station, and by Dir. R, 3. Wylie, director of the lowa

e Laboratory.

HISTORICAL,

;‘ L

sitort has beerumade to muke the following review of the literature as com-
plote as possible go far as food and feeding of fresh-water mussels are concerned.
enee i also made 1o a namber of paners bearing on the same c\uhjec tan other
Bpecivd <";-!" 'iﬂn*:"ii';h‘Amehﬂ’ on account of their bearing upon certain })1111('11}h>~s in-
ved.,  ¥or convenlence the literature on the Tre%h—wntor mussels s dealt with

e sendor investigator is responsible for tho work relating fo the anatamical features of tha mugsels and the process of inges-
tign, while ilie junior investigator studied espocially thoe material ingestad.
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FRESH-WATER MUSSELS.

Posner {1875) concluded that food material is curried to the labial palps and
moved Torward by their ¢iiia to the mouth.  Ile shows o figure of a longit 1(ii1'=:t1
groove 1 bhe lower edge of the nner gill for ("m‘,mo‘ material forward to the pi

Ortmmnn's (1013) mention of this groove s not the first, as so considered by Du: E
{12

Simpson (1000) stated that the (apping of the palps swept the material into
the wouth, which e s quite erronoows,
cran (1O05) considered that the masses of maderial wore brought to 'L'Em.

dia there swepl them along Lo the mouth. Iie Turthe
s particles that feil bebween the ridges on the palps wers
b

the grooves and reached the fower edue of iho Pl
: sehision at which he areived was E]‘z.i},l;
svidpes on the palps beat Torward and move pu
el ‘M o ‘; i,?m ‘
sackownrd, and thel on oveaston tho erests of the i,mma, which usually L
forward, may bo slanted baekward, This would bring into play the ceilin on ther
anterior stopes and mndertad might bo carried post ,(*nmlv off the palpe by
Ieaid,

Wilsorn and Clark (1912) mention a few algal forms, the lorica of thoe rotifer
Heratella sp., and an Ascaris, that were found among the stomach contents of
cortain frosh-water mussels,

(lark and Wilson (1012) found in the allmentory tract of o number of munuscls
s baege moss of muddy matrix® in which were mingled various distoms, algal
forms {Prachclomonns), active “luglona-like organisms,” loricas of rotifers, and
Tunmis sporos. Daker (1916) suggests that this ”mud(h matrix’ is probably the
hind of material deseribed by Petorsen (1911) as “dust-fine detritus.”

Siehert (1983, altor stadying Anodonfo cellensis Shrot, concluded that the cilia
i the bottoms of the furrews on the apposing faces of the ;m%p% sirike U'p\\“:"z‘a‘i
instend of dewnward, his findings being the diveet opposite to those of Wallengres

Allert (3914 and 10921) hins made a very thorough fnvestigntion of the f@mn g
process In freshewater nussels. He states that the food pmiuh‘s are earried to
the mantle chamber by water currents induced by cilia on the gills and are intee-
cepted on the surface of the gills by cilin there.  Buens is scereted about the parti-
clos by eertain cells of the gills, so that they are aggregated into clots. The muterind
falling u;)m}. the outer surface of the outer gill is carried upward by ciliary action to
the dorsal edee of the gill and then forward to the palps in the groove formed by the
juxtaposition of thoe g;xli and mantle.  That striking the inner surface of the outer
ol moves wpward to the dorsal edge, where 1t passes to the outer face of the inner
gill. The cilin of this gl beat downward, and all material reaching it by any
meuns is earvied downward to the c;imtmi groove od the ventral edge. In this
groove it is swept forward to the palps.  Allen (1914), on page 180, suys:

e, but that those on the anterior gide of

[

Thus particies which find $heir way belween the palps [that is, are brought there by the eilia
of the gills] are carried to the mouth,  As will soon be seen, very little undesirable matier ever
reacies the mouth or paips, but even here Wallengren (19G5) has pointed out how selection and
rejection may be made.
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¥ % % {he inner swrfaccs of the labial palps, exeept their outer marging, are uade up of
minute veriical ridges or furrows. These constitute a quite complex mechanizm for the sorting
of mwnterial, ¥ F %,

Upon the vidses, as clsewhore, occurs 4 citinted epithelinm; but the cilinry eurrents are dis
posed Tna unigue manner, Upen the anterior slope of each ridge they ars direeted baekward,
while tiose on £he posterior slops lend forward,  This seoming conilict Is not such in fael, hoeaita
only oue seh of eilin comes fnbe action a6 a fime. The posifion of the ridges determines which seb
ihall fonetion af a given memont,  Fheie normal position scems to be ¥ kg soimewhad
Diing ane, overtanping one another Toward the anterfor. Thus, tlio after slopes are ovdinarily
hd, nppermeest, the eillary carrents Teading to the mouth are upon the supfaces, white the eilia
b lend from the mouth Lo somewhat underncath the ridges, 8o long a3 no mlverse shinsull
eoseiverd, pariicies whieh lie hebween the prlps are thought to he passed on Torward from one
s nnd month.
¢ oribdasbend matler reaehes thae palps & raflox (‘.t'i:c“."u_)'n af the ridoes Deing

cbeind fa roinrnod from sigonit Lo stk i

H .
NG Gl

o of material pusteriony acros the paip from erst o
, P . ¥ N . sy ot iy ! D arnpu
crest of Lhe 7i Tt appoars that he s sumamareing VWiallengren's stateses

We are nob told that Wallengren states that he netunlly saw this behavies o tho
salps, and the fact thab Allen says 9% % Wallengren has pointed oul how
oloction and rejection meay e made,” and “So long as no wdverse stimull are re-
ceived partieles which lie between the palps are thought to be passed on Torward,”
coreveys the Impression thad Wallengren had set forth a theory rather than
ervations.  Unfortunately the present authors did not have access to Waldlen-

ol

Vs paper while writing this report.  Allen’s own observatblons are given on page
133 of his 1014 paper:

No one, to my knowledge, hiag succoeded in inducing o mussel to hehave normatly afier the
shock of remavimg parts of the shiell and mantle in order to observe the palps ab work; bub X
Bave reposiadly obtained the ronckions which ocenr.  When dhe paips He in contaed with either
Baady, manile, or gill thelr colloctions of material pass between the palps and mouthward.  Ofl-
srwine sneh materinl is carvied down by tho several struehures and disearded.

As will appear Inter, these ohservitions sgree with those of the present anthors,
Phe word Cdown’ s the significant one here; the material leaving the palp pusses
own off 1 i the vertical furrows wnd was never seen to ho earried hackward across
i face Trom ridge Lo rdgae.

In general, Allen aseribes to ho Tresh-waber mussel s high Jegree of ability to
coloet the material ingested,  This selection may e exercised at the incurrent siphon,
the gills, the palps, and the, meuth.  The palps are, however, most importont in
this respect. Allen listz m ihe stomach contents of certain mussels 14 gencera of
dintoms, 16 of other algae, Y of desmids, besides débris (organic and norgnic),
mold, ova, spermatozon, and spores. He especially stresses the poind that tho
amount of inorganic débrls was quite small, consisting of rather insignificant quan-
(ities that hind necidentally passed tho assorting mechanism. This fact is cited as
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o proof of his contention that the mussels exorcise ehoieo of thoematerial ngostod.

& 1

Another proof, he thinka, s the observation Lthat the mussels with which he worled

dhl nob ingest earmine graios. Purthermere, ho nover foand sand in the alimentury

tates that no one has reported finding it there, ¥

LG
dinks that quite probably “much of the stufl which Evermann and  Clurk call
fd” iy organic” (Allen, 1921, p. 2370, It will be noted below that Coker, Shira,
Clack, and Ioward (1021) Hst “sil” in the stomach-contents of cortain mussols
examined, '

The senior anthor (1015 and 1916) endeavored to fest histologieally the eon-
tention of Pittter (1007 and FOGS) that material in solution formed a large part of
the Toad of raany wquatie invertebrates and that this wad bo some extent absorbed
directly by the cells of tho ouler body wall. It was found that fresh-water mssely
cotld make uso of nutriment in solution in the water, and that in the ease of Tat at
least, some of (i could he absorbed directly by the outer epithelisl colls of the hedy,
especinlly those of the gills,

boiadural condditions probably the concontration of dissolved material is net
selliciently groat to adinit of ils forming a very important part of the nutriment
of Inmellibranchs, Martin’s (1923 sbatement, however, on page 152 of his paper,
Hant “T6must he regarded not only as unproved, but ng improbable, that dissolved
orgatic substances play an spprocialble part in the nuirition of the oyster” is tao
sweeping, Lo say the least,  Since the only experiments with lamellibranehs {thoso
of Churebill and Miteholl) that pub the possibility of using such material to the
fost gave affirmntive evidenee, Lhe matter can not be dismissed in favor of ihe
pegalive with no ox i

AR}
2

frach of the mussels, and s

wrimental evidence whatever,  While probably such rnterial,
Lvery importand ttem in the dictary of lamellibranchs, 16 ean
not be sakd that it dJoos not “play an appreciable part.”

selloog (1015) worked oud with great care the details of the ar rangement and
movenents of the cifia of the mantle covi Ly, gitls, and palps in some 50 spocioy of
Fevethibranehs, fneluding 2 freshowater mussels— ndo Siprphymota) complunata
and Anodonte spo In regard o the Fresh-water mussels he states that material is
cuahl on the gills, earried (o the palps Gsubstantially as deseribed by Allen), and
moved across these by forward-heating eilin on the transverse ridges.  Te states
that there is no voversal in the direetion of Uhe beating of the ¢ilia, and that, © thers
is no selection or separation of food ovganisiog from other wator-horne particles,”
He found that the eilia in the botioms of the grooves on the palps beat downward
and that on oceasions the palps “elongate,” thus causing the grooves hetwesn the
ridues Lo widen and expose moro freely tha cilia therein.  Material is removed {Tom
the palpw by these downwan -heating eilia, Kelloge concluded that volume alohe

i
i
delesmined whether or not the “eolleeiod foreign matler that reaches the paips

shall prosecd to the mauth or be remeved from the palps” and that “a lamelli

1
i
as jashosaid, is nop s

braueh is able to feed onty when walers are comparatively clear.” In turbid
waters all material passos off the palps and the animal micht actually be starving

in the nudst of plenty.  (See Grave and Nelson below). In fresh-water mussels

the material thrown from the palps into the lower part of the mantle chamber is
moved backward by cilia on the mantles and passed out between the valves at a

. et
e
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point below the ineurrent giphons in o more or loss continuous stream during foed-
ing?

Ralker (1016) lists s feeding on detritus and plankion Lampsilis radiala, i
borealis, L. luteola, L. iris, Anodonfa cutaracia, A, dmplicata, A. marginaia, A
grandis fooliani, Strophitns undulatus and Margarituna margaritifera.

Nelson (1918) found in fresh-waler mussely that the esophagus was lined with
eilin, which carry the ingested porticles to the stomach, | e also deseribed the
Yarge tnfts of ciiaon cortain eells Hining the slomach, which cilin eanse to rotato
the erystalline style, the anierior end of which projects from the intesting into the
Gomach,  Nelson showed that the style Tamellibranchs possesses al Tonst Touy

Gen particles from the food in the intestine, {2)

aig, (8) restoring, i some species, Lo the stormach
4 .

functions: (1) Separating

4 substitute for perisia .
i , stavted down the sntesting, (4) bear

b
L To 1he possi

Hties of a lamellibranch feeding in henvily

PUIUURAES FS JRpa
AU TEENIAI LA

Lached and the Jetached

>l‘)' [
& resction woubd eats

cemal, and phobic stimall i
Sueh

Jock palp, to be pulied
oo ore exposed wnd more materind f
This curding reaeflon was shmey

the ourv

oran

present withors in juvenile mussels setually feeding, s wilt be deseribed

s inowell with Keltopg's statements relative to an clongation of the palp to oxpest
the eilin 1n the grodves; the earling would make e convex side Tonger and 1o
yidges farther apurt.

evormann and Clark (1920) published extensive lists of material found i the
Qlimentary trach of the sreshowater mussel, These inelude o wide variety of diaioms
aned other slge, Protozon, and organic and inorganic ddbris.

Coker, Shira, Clark, and TToward (1921) coneluded that there 1s oraetically
bo diserimination in the Lind of material ingested i nature, listed & vasiety of
phnt and anumnal forms, faid slbress on the guantily of detritus taken. foumud cote
siderable mud in cortnin adult mussels, and stated that in 60 tuveniles PN
from & to 21 mm, lorg, the contents of the alimentary canal consisted of abont $2
per cent ¢ organie PCIDRINS {principally vegotable matter),” 3 per cent ” LTINS
remaing (siif, efe,” @od about B per cenb unicellular green alge and dintoms.
Cortain foeding experinents werd performed, which tended to show that detritus
formed the main bullk of ihe Tood in nature, although considerable quantities of
plant and animal forms were taken. Substances such as fish meat, tadpole talls
(maeerated), animal fab, fish blood, and fresh vegetable were not taken as readily,
ar seapeely at oll in somoe GOSes. Otive oil in the form of an emulsion was ingested
and digested by certain of tho mussels,

Bash (1922) studied the histology of the groove ‘1 the ventral edgo of the inner
aitl and showed (hat 36 is lined with efliated colls by means of which the materin
that has passed down the gill is carried T orward to the palps (fig. 3},

s This espulsion has no relation to the acensional ejection of material from the mantle chamber by a spasmodic closing of
the valves, sucl as is often observed,~—Authors,
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CAMPLLIBRANCHS IN GENERAL.
e (1833) atated that the Tood of Lanellibranechs was carvied forw

1

set up by the aetion of the eilin and then fanned into the mouih by (he

o siructure and position of o puips whioaad

i
el Tanetion was to transfer o the mouth the Toc

cver, romn cheervabions
ol | neluded
(1203}, working with marine clams and ovsiers, conchuded thint thay
can feate bobweon various sorts of food material, but mede no statement

relutive to the mechaniom by which this was accorplished.

Tist (1902) stated that in “die Mytiliden” all foreign bodies that reach the
palps sre carried into the mouth il they do not exceed a cerfain size.

Totersen il Jensen (1611) showed that the erganie débris resulting from the
disintegration of ecelgrass, ete., forms o very tmportant item in the food of marine
invertebratles.,

Blegvad (1914) veached the eonclusion that “Detritus forms the prineipal
food of nearly 11l the invertebrate animals of the sea bottom, next in order of impor-
tanes being plant food from fresh henthos plan ts.”

Grave (1016), working with oysters, concluded thet eonsiderable cholce of
food material was exercised by means of a veversal in the direction of the beating
of cortain cilin of the palps. I vefers to Pavker’s (1905) experiments in wihich o
roversal of the cilia was found in Metridium in response to certain stimuli such as
erab juice and the like. In this paper Purker calls atlention to thoe observations
of Purkinje nnd Valentin (1835), in which they noted spontaneous reversal of the
eilin on the “necessory gills” (Nehenkiemen of Purkinje and Valentin) of the
mussel, and to the fueh that these observations were confirmed by Engelmann
(1868, 1870, and 1808}, Grove dimgreed emphatically with the coneluzion of
Kellore that lamellibranchs do not feed when the water s too Tull of sediment,
offering ns proof the results of the exnmination of the stomach-contents of o pum-
ber of oysters kept some hours in very turbid water, These oysters had ingested
great numbers of food organising and also great quantities of sediment (italics ave
the nuthors’).  After o period of 14 days the oysters kept in this very turbid waler
had made ““perceptible growth of shell”  Grave thought that there was a reversal
of the henf in certain eilia on the palps by which sufficient silt was removed from
the palps to allow feeding fo procced.

Mitehell (1018) found that oysters kept in solutions of dextrose absorbed this
sugar and converted it into glycogen.

Nelwon (1020) deseribed the ingestion of great quantities of carmine puarticles.
by veligers of oysters.  These veligers have no palps, and Nelson stated that this
is tho resson that the carmine was not diserbuibated against and separated from
the food material,  In lis 1921 paper he showed by eonclusive experiments that
oysters “continue to feed in waters bearing as high as 0.4 gram, dry weight, of
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:,\\,/n)f'f
s ool tho

A had heen 1{*1
MATERIALS AND METHO

’E‘f > Tollowing species of mussels were used in the investizations: Lampeilis
gracibis, L. Levissing, L. anodontoides, L. follaciosa, L. ventricosa, L. Duicolu, Olovaria
(.He_pxw, Anodonta g;r(z,mz’,s, . (,mz»u?mm, A, ambecillis, {ngc:.fff wla pustulosa, 6.
pustilata, . wndata, Q. plicata, Obliquaria refleva, Plagiola donaciformis, and
Sphaerinm sp.

The species Lampsilis luteola is abundant in Lake Okoboji and furnished the
hasig for much of the work done there. Juveniles of this bpee,i(\s, available in
quantities from the propagation experiments as stated above, furnished the basis
for a large shave of the direct observations made upon the feeding reactions in
juvenile mussels.

Owing to the transpareney of the valves of the juveniles it was possible to
ohserve (hrmih under the binocular microseope, w h( s light from w 7H-wall electrio
Hight was yeflected up through the mussel, the ciliary action of gills, nuiile, a
palps, and the ingestion of Tood.  Freding experiments were also tade with hoth
juvenile and adult mossels and the contents of the alimentary eanal examioned
both by means of paraflin sectioning and by disseetion.  Examination was mado
ol the contents of the stomachs and Infestines of mussels taken divee i'}y [rom tronrhs
in \VIH( bt H" ')li)‘)‘?“?ll ion ONper iﬂ)(‘ni‘s WOre l)(”II"" & ()H(n“(‘i{‘h, (Ul(l Aiw(? of SPHC illl( 11
taken from Lake Okoboji, the Little Sioux River near Lake Okoboji, and the
Mississippi River at lum‘pm (N

The anatomy of the palps and gills of juvenile and adolt mussels was stodiod
with reference to the feeding process, lavgely by means of sections stained with
hematoxylin and cosin,

INGESTION.

To summarize the general process of ingestion, the action of cilian on the il
and in the saperbranchial chamber eauses a current of water Lo enter the jnhalent
m;ﬁmu, pass throopl the gills into the superbranchial chamber, and out the exhalent

siphon. Cllia upon the gill filaments infereept the particles (animals, olunts, -
}}1 i, and the Blke) contained i the stream of water. These are antansied in muen
secreted by certain cells of the surlface of the gills, and ihrough the concerted notion
of the eilia the masses of mucus, together with the contained puytzdos are gnrried
forward on the gills and deposited upon the Inbial palps.  Cilia on these aarry the
mneus and the parteles either to the mouth or to the wntz'wl edun of the l”]i*“
where thoy fall into the mantle chamber,  Tn the latter ease Lhs mulorial drops Lo

the edpe of the mantle chamber and is carried brekward I)j_,f the eifin pear the ven-




i view of 8 Tinsee] fmrnedintely alter lepving the eyst ot vhe will of 1he fish, Ahout
Sy lony. AL whi evior addietor; A, posterior wdlauetar, Iy fools G pupille of Jeveloge
ing ipner gl A, ety A8, inner palpn OF, outer palp; Mo, mouidy S stomaehy 4id,
frplestip. {Aedngated fron Jierbers)
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trad marging of the mantles andd (‘\“]avﬂﬂd between the valves just heneath the
inhalent siphon. It might appear at first thought thag b particles suitable for food
were carvied to the mouth and ¢ Emw unsuitable thrown off the palps and out of the
mantle eharber.  The matier is, however, not as sim plo as it would appear to be
at first sight, and, as noted :abm‘@ investigators disagree concerning hotly the prob-
ability of selec imn or ¢liolee of .‘mhsi.m{ s ingested and the cause for and the mech-
anisin by which certain muterial is thrown off the palps. Tt will be noticed espo~
~'-.i-wﬂv iﬁ ab “an (IQ 1) and RKellogy (0015) Told diamety vically epposed views
_ Adlen holds that the mussel exevelses considerable elio
it alion o iI“m,f{‘!M!} reversing the streams aeress the padps by ali toring
slope of the fransverse ridges (Wallergron, 1005). Kellogy maintaing that for
Tamnedlihranehs, ?*1 geveral fnelndme froshawator mussels, “there bs no seleciion op
tion ol Food !)I“‘H‘i“.n“ from mh(; waler-borne particles.”
cllogg farther declares that H too mneh matoerial is present it is all removed

i3 ‘(_’1
I
Ll

SOpHL

s the palp :a:'ui nothing enters the mo‘mi', and that the bivalve may ectually
starve under such vr‘-"ciahcﬂm. Ceave (1916) takes poaltive (‘\{’{‘pfl()n Lo ihm
assertion of Wellopg, and states that the Lamellibranch L, especindly the oyster, can

select [ood materinl from the silt or débeis and conse m.miy is able to i'(‘*ed
even though the “&'“ivz be heavily loaded.

G aceonnt of these divergent views it seomed necessary to investigate asain
the mechanism of and fnctors invelved in the itwmiim: of food in freshwater
mussels before proceeding further, Fspeelally did it seom of advantage te undor-
take ths mmly, n part ab feast, upon the very {Hlﬁy ]m'('m}p stages, sinco the trang-
prrency of the valves atlowed ?nm‘t exarination to he made of the entire feeding
process wnder the binocular mieroscope.

(}L"”‘RVAT!ONS AND EXPERIMENTS.

MUSSTLA L2 MM, LONG.

When the muesad, alter metamorphosis, leaves the ilt of the fish 14 measures
from 0.2 to 0.25 yune in lengihe Is sonin snatomical foatnres are repregented in
Fignre 1. The gills consist of theee papilia-like protuberances on each side, attached
at their domal ends to the upper part of the visceral mass.  These will fater clon-
gate and Join at the free ends Lo Torm the lamellbe of the inner gill, the outer gill
developing mueh later.  The outer pelp appesrs as o ridge projee &mw d(mzm;wi
from the side of the viseoral minss. The inner patp hing not yet bvgzm to develop,

1

and the siphons are not in evidence.
Six apecimens of Lam pilis cnondonioides, which had been off the Gsh less than
21 hours, were secured from the rearing ci()ll"]h They measured about 8.2 mm.

incdesgthe Almost no postyglochidial sheil had been formed.  They were not very

netive,  These mussels were placed in a watelh glass with o litthe material from
the trough and observed under the Binccular microscope, light from a 75-watt
electric hulb being refiected up through the culture.  Since Lhm treatment did not
affect the f‘oedmw reactions of the mussels in the least, it was made the ususl
procedure in the iollmvuw experiments.

T
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Ome mussel finaily beeame very active and moved about by means of the
cilinted foot., Very fine particles of débris floating on the water could he seen to
prss botween the edges of the valves into the man tle ehamber.  The particles were
for the most part extremely fne, best seen with the relutively low powers of the
Binoenler by furning the substage mirror so that the particles canght the light and
rosombled dosh motes in o sunbean.  They entered the mantle chamber in front
of sl at the sides of the foot, not in the ziphonal region. Owing to the greater
relative convexity of the shell, darker pigmentation of the tissues, and minuatenes
of the parts of these small mussels it was hmpossible to Tollow these partie ‘
they cnfered the mantle ehwmber. No particles, however, exeept dis
[ wers seon Lo leave the manile ehamber, ao it wonld appear that {he

W
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been ingested,  {Nebson, 1620.)

ALLESEILE 0,28 ML LONG,

Tho anatomieal features ab thigstage have not progressed mueh beyond those of
the preceding. A speeimen of Lampsilis Tuteola was observed as deseribed shove.
Minute floating particles were being drawn between the valves ot the anterior end
and on the ventral side.  Some very small lagellates were seen to puss m, but none
could be observed to pass to the esophagus, all passing off the rudimentary palps.
Powdered carmine was pub in the culture and the currents ceased, though the
valves remained gaping. No action was seen for 10 minutes, when the mussel was
removed and placed in a culture free from carmine and the current soon began
agait.

MUSSELS ABOUT 1 M. LONG.

At this stage the papillie of the inuer gitl have united at the veniral ends, pre-
senting more the appenrance of the adult structure.  Tha outer gill Is yet unde-
veloped.  ‘The alimentary anal has about the shape shown in Figure 2. The
siphons bave not yet appeared.  There are, however, two palps on each side, the
Capposing faees of each pair showing transverse ridges (fig. 9, opposite p. 458).  The

rideos and the furrows are cilinted.  When mussels of this size were lying or
crawling upon a glass substratum with a relatively small amount of débris about
ther, the currents of materiad passed in at points all along the valves from the mid-
ventral side to the anterior end, as was true of the smaller forms. An effort was
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wary Haull, leaving exposed the posterior end where the

Phis ndter position s, of eourse, that assumed by the older &

-

z hie b has disappeared, and possibiy by the very small ones hefore
developmenit of the byssus. The hyssus does not appear untit the mussel s over
1, fone,

Aceordingly, a speeimen of Lampsdis bedeola about 1 mm. in length was placed
on a substratum of sand graing about the size of the mussel, into which sand ginins
it at once erawled,  These were then moved with a needle, so that a portion of the
anterior end of the mussel was visible through the chinks hetween them. Fine
débris was gently dropped frow a pipette vpon the sand grains,  Particles of the
débris could be seen to be sucked down between the grains and into the anterior
end of the mantel chamber of the mussel. It would appear that in a mussel of this

o

Fus 2—8lde view of mussel nbout 2 mn Jeng. A4, anterlor sddactor; P A4, posterior adductor; F, loot; €, gills; TP, Inner palp;
OF, outer palpy L, Hver; A7, mantle; 36, mouth; St, stomach; Int, Intostine.  {Adaptod from Herbers)

size, with no siphons, the currents enter all along from the midventral side to
the snterlor end,

Several specimens of Lamprilis Tnleole were ohserved. A current of particles
consisting of fine débris passed in around the foot.  Puart of these wore carried for-
ward to the mouth and part passed off the palps, down along the inside of the mantle
aned baek to a point at the posterior end helow the place where the inhalent siphon
ater develops, Here they passed out of the mantle cavity, as stated by Kellogg,
No eilin could be seen on the edges of the muntles in the siphonal regions, although
cilia were visible elsewhere along the edges of the mantles,

A wpeviinen of Lampsilis futeole was placed in a heavy culture of Buglenns meas-
uring aboutb 60 by 18 micea when elongated.  Some were rolled up in an approxi-
matespherieal shape and measured about 25 micra in dinmeter.  The mussel opened
at intervals and took in some Buglenas.  In soveral instances a particular Buglens
was observed throughout its entire journey from the outside to the stomach. It

e
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wits drawn inoab (he anterior end or ventral side and fell upon the gill {the inner—
the outer not heing develaped yet) and was carvied forward to the palp, The outer
palp Lifted al the posterior end and exught the Buglena under it Owing to the
trunsparency of the tissues the strong eleetrio light thrown up from below made it
possible (o see the bulky green I Mum carried forwanrd between the :appr;;-:i.m‘r
faces of the paips, move slewly bebind the anterior adductor musecle, and op |
(“‘5(‘:5}31:‘.;};{1\‘-{ slowhy Tor ahout hall the way, then with inereasing speed until ’Zm?\'
Dot inta the stonch. After a time a number of Fuglenas could be seen
whirled ahout in the stomaech by the cilin there.

Another spesimen of Lampsilis luteola was taken from the reaving trougi w w
i hiad bean feeding selively, the intestine heing full (as ohserved through U
and pub at once into & culture mmd PN carmn
inglenas, and some smaller unidentiiiod organ
mussel opened the valves st onee and earnzine, fugiens
and the other organisms were all seen to pus up the
esophagus. In about 30 n‘mm{'(w the indestine was red
baek to the anterior end of the reetum, which still eon-
tained some of the materisl pr evmu.al_y mgns{-ed.

Three spochimens of F;‘!T}H]JM'F?‘N Duieola were observed
while in o suspension of earoine grains.  The curent of
particles ontered at the anterior end. The particles could
Do seen Lo be carried nick?y?mvk past the anlerior part
of the visceral mass, practieally without touching it, and
to fall upon the gill (the inner).  They passed down the
gill, us stated by Allen (1914) and Kellogg (1013), to
tho inw"-r edoe and forward along this to the anterior end.
In adelt musscels there is a citinted groove along the lower
wdee of this gilb (fig. 3) through \wm.h the food is cavried
(Posner, 1875, and Bush, 1922, Trom the gill the carmine
P, 8o Cpos sections of graovo on Dulticles p.m.zul between the apposed faces of the palps.

yraam! ‘;;i“;‘“‘jfhif“‘:)‘;’;p(‘f:“;_‘ng'i:; A great deal of it was carried downward and passed off the

e bear no i and et Lowor posterior corner of the palp.  While In this experi-

egording Lo Bush. (8898 0 o0t none was actually seen to enter the mouth, the lower

Toop of the intestine (fig. 2, p. 449) soon became quite red,

shewing that carmine had been ingested. After a time the mussel ceased
ingesting and closed.

1e
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MUSSFLE 2 TO 2.5 MM, LOXNG.

As Tar as the structures involved in ingestion are concerned, there is no marked
advanee in a mussel of $his size from that of one measuring 1 mm, in length,  The
rudiments of thoe siphons are beginning, but there are no Lm\{qwh\.s apparent, sud
the material enters the mantle chamber at various points from just below the region
of tho inhalent siphon to the anterior end.  These points may vary from time to
timo in tho sume mussel, or the currents may enter at two or three pomnts at once.
In many mussels up to at least 4 or 5 mm. in length it is not at &H uncominon to

observe particles entering the anterior end and the ventral side simultaneously.

i
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TOOT AND TREDITNG TN PRESV-WATER MUSSELS, A5

Cetnbesient applies, of cowrse, only to observations muade with tho munssel bvine
= with waually only 2 moderate amount of ddbes

aede ononosubstratum ol ¢

bt 1.

i Titaole were removed from o reating trough o
1 R z'ai' the matoria] taken divectly from the trough, &
citrrenk of the fine aébris in tw waker was passing in and hetween the palps, '°'ez<'-?:
s p-w&s*([ downward and off the palps, but ab the iff(‘.niiwﬁ time sorme particl

1 forward botween the palps and up the esophagns.  These 3)1;1101'% {;.m;sd
Belween the paips rather near tho upper edgos. It could not be seen that they
differed from those particles passing off the U‘JH‘-}. It merely appeared that some
of the débrs movod BCTOSS the mner fnoes of the palps to the mouth while some
moved down and off.  Both processes were continuing simultaneously. A specimen
of Lampsilis I’n!m?rr nf this sizo also ingested earmine grains. The experiment
was eontinned until earmine gming were observed in the im o8,

A speeimen of T(Imp\u'i\‘ wteola was placed in a culture containing red Kaglenas
160 by 35 miera in size. Some of the HEuoglenas were ingested, notwithstanding
thelr size. They were apl fo assume an approximate ‘phm‘io-ﬂ shape when being
moved in the ciliary eurrents. Tn the bright light reflocted from the electrie bulb
wp through the wmmsel red Haglonas were quite conspicuous and could bo seen to
fall upon e gilts and pass down, some T.nimw into the mantle chamber and some
passing forws wrd and ho!uu'n the palps.  OFf these Iatter some were thrown off and
some taken forward to the mouth and up the esophagus to the stomach.  In the
stomach they wore seen as a dark mass, rotating c}uc]\mse (viewed from anterior
endd of the musseD.  The Kuglenas were whirled about by this and batled, so to
apenk, into the emen of the stomach ab the sides and below the entrance from the
exnphngs,

This specimen was fixed and sectioned and a photomicrograph of a section
throneh the stomaeh s shown in Figure 5. Portions of the Fuglenas ean be seon,
slio toits of long eifia on the sides of the stomach and a eross section of the style,
which evidently projects into the a.m'n.m_'.]‘, as shown by Nelson (1018) for adult
mnssels, The siyle is kept in votation by the cilia, and it iz the movement of the
o that causes the ingestad food to be whirled n}mu,t in the stomach as ohserved
in mussels whose valves arve sullicienily transparent to allow this movement to be
seon. In view of Nelson's (1018) excellent work on the crystalline style aud the
fact that the style was nob the especial objeet of this study, no Turther snggestion
will be made hero concerning it funetion.

A specimen of Lampsilis luicole was observed whils in & culture containing
some of the dintom Siephanadisens. Some of these were ingested and could be
followad as they passed fram gill to palps and between these to the stomach. At the
saIne How ut-hu apecimens of Stephanodizens weve being carried down to the lower
edges of the paips and thrown ofl. One or bwo eliates larger than the diatoms were
also observed during their entive course to thestomach,  Their route was that already
deseribed. A consideralie mass of débris was pushed with a fine glass rod up about
the mussel as it Loy on its side,  Many putuim were drawn in all along the eddyos
of the valves from the anterior to the posterior end. Great numbers of these passed
botween the palps but were carrigd to the lower edges and thrown off.  No atten-
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tion was eiven to the esophagus in this instance,  Carmine was then put into the
culture and a muss of particles pushed against the gaping valves of the mussel.
A Jong stream of red particles shot n ghrough the Tower part of the region of the
inhalent siphon, swept across the gill and hetween the upper part of the palps Like
o finsh, and up tho esophagus——n bright red stream—into the stomach.  The instant
the advanee ond of the stream entered the stomach the valves closed sharply, but
the earmine between tie paips and in the esophagus passed on into the stomach.
The valves remained closed and no more material of any sort entered. In about
10 mminstes the loop of the intestine was red in color, showing that the carmine had
passed throvgh the shomaeh.

=

ALTHRATLE 3 R LONG.
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ienificant stroetural develo
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(o the experinent was terminatod.

* the ntestine practicatly emply was

eend inonowadan @

) the Mississippl River added 1o the
i o \ . .
weaber, Tl Yonad)T wpon evininedion stder the microsenpe, provoed Lo I o

puamed of apnid i seasnring Peomm 3 miers Lo 20 micrs seross sl ol orsanic
débria Some of the labter was as oo ns the sand grains; some Jarger. Blreans
Ui materia) entered thoe mpantle chamber of the musscl in front and on tho
venteal side and passod hotwoeen the palps, as heretofove deseribod.  Heavy slrosms
of Uhe material could o scon to pass down the inner faee of tho outer palp (ooking
(hroush the palp, of course) and along the lowoer odge to the lower posterior eorner
and off. This end of the palp, especially st the lower corner, would eurl apward
somowhat (Cobh, 1918). A fairly heavy stream or rope of material wonld ba
stronming down off this corner all the time if any amoun tof matm_‘inl WOTH ('mh:.r.i ng
hotseeen the palps.  The streams of material passing ai()wn‘ tlm.mm‘ar fa :_o,'o{ the
palp wero in fxed vertieal Tows, without doubt corresponding to iuhle _pomi,n'm‘s'nf
the transverse cilinted grooves on the inner face of the palp. At times partwcles
{):’LSH(M along across the innor Tace of the palp and { orward bo the mouth and could
he watchod until they entered the stomach. These particles usually passed ACFOSS
the uppor part of the palp, in the apex of the H‘LV(.‘J‘T,('NI W formed by the apposing
fucos of the palps.  Since the upper part of tho palp is more opagque thm;l the rest,
only Lhe Targer particles could be followed to the mouth, and it is almost y.nposmble
IS} Ghacrvo fine pariicies pa ing alony the esophagus unless thoy are brighity col-
ared. 1t would seem, howoever, thaé many smaller particles must hswa‘pase;f}d
forward and been ingested, sineo the intestine was filled and fg(:es were being dis-
charged in less than an hour after the heginning of thfz exporunf—:nt. 'Tb‘e mussel
was fixed and sectioned and a photomicrograph of a portion of the intestine is shown
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e Higure 26 (opposite p. 461). Apparently there was no seloction of material, 41l

s P
BOPTE Dy g }}1‘.’€‘r<u3<§.

Acspecizners of Lawopsilis Dute s phiecd ina suspension of earmine,
seanhd boe Lo mner faco of the onfer palp over tha o,

i toThelr s
;

Bebween the ridees. | in
: per half of the palp. AL the sama Lin
rbleles were passing down the vertical streals to the fower edge of 1l
] be the posterior end and off. The mussel soon closed the valves
not ingest until removed from the carmino.

2 all these eases tho stream or rope of matorial mingled with muens discarded
from the lower posterior cormer of the palp moved downward and baekward along
the lower part of the mautle chamber and was pushed out somewhat bolow the
region of the inhalent siphon (fig. ).

Hest worn soelierod sovoss Lhe 33%

N —

T

Frow e Outline of mussel 12wy, long, shiowing by arrews the eourse tuken by materind in the mantle chamboer. A A, anterfor
adductor; PdA, posterior sdebietor; I, foat; 18, inbwslent siphon; ES, exhalent siphon; IG, inner gill; 04, outer il 2, palp;
B, mouth; 8 stomach; 7, intestine; 2, rectum NHed with maderial; A, mantle.

MUSSELS FELDING IN ITHAVY BUSDPHENSIONS.

Aspoeimen of Lampsilis uleols abhout 3 mm. long was placed in a vory heavy sus-
pension of débris from the river hottom.  Groat quantities of material were deawn in
around the foot, fell upon the gill {theinner, as yet), and passed forward snd between
the palps. Heavy stroams passed down tho inner ace of the outer palp, as deseribod
ahove, in fixed veortical vows and ware thrown off i a very heavy mucus rope from
tha posterior eorner. A very fow particles were seon to pass along the upper part
of the inner faes of Lhe palp 1o the mouth. Bvidently the mussel coul obtain at
Jonst w smudl wmount of matorial even though the water were heavily Joaded.

Aspocimnen of Lampsilis luteola ahout 3 mm. long was placed in a wateh olass on
a boltanof material from a erook bed, consisting of fine sand, débris, and small black
particles (probably organie).  Themusselerawledinto this. Thetentaclesandsiphons
were extended then and plainty visible. A eurrent passed in at the inhalent siphon,
asin the adult. From 9.20 to 9.50 a. m. the muasel was all hiddon but the siphons,
and masses of débris were piled over these with a fine glass rod.  This débris was

87161247 3
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drawry in rapidly, AL 950 a0 m. the débris was f"ie\'},i‘s.rtl off the region over Lho

palps, moutly, and esophasns, so thal the
prled aver theoivdinfent wmh\m g0t
ihe p:ﬂ_gw‘ cub o strearms of thi

*

- M Y v -1
LG pemierior corner of

a;;‘?—:’cf mrberial passed | Forveurd ac

m::_\'u ~0id

of the paud
[

o tha 1g)p~' vait of Lhe b
o These somotimes stopped :1]()!;;; the way for o i

i o bogether and held them. There was no doubi st 2l that some

material was ingested.

Some carmine wag mixed with sand and débris, and at 10015 a. m. the mosee]
was arrnngoed as bofm( so thad the palps, cte., could be seen. Then the mixture
ward le\‘ pited over the &1 phon as before.  The valves opened and closed o fow Lmes
and then admitted some material-—carmine, sand graing, and débrise—soma of
'wl\i('h was seoh o pass between the palps to the a\.:s;(‘}phngm and mouth. A heavy
stream passed off the polps, of cowrse, at the same iime. Socen, however, the
valves closed and the mussel did not reopen them. On being removed to clear
waler red maderial eonld be seen in the stomach and the i(mp of the intesting,
This mussel ingested material, although the water was so heavily laden the siphons
worn mm;pfmv‘ buried and o beavy strand was pussing ofl the posterior lower
corner of the pulp all the time. "This strand or mucous rope of material was at
Fensl 40 micra w ief:‘ most of tho thne,

Fncthe elear water wilh no carinine, as the fool was stretehed out, eilin havine
began moving in the slomach, it conld be seen that the material in the interior purd
of the intestine, at loast as !“1 down as the loop, was rotating.  This was no doubt
die to the retation of the uyw talline style.

A TS Al o red particles began to be observed in the ff“’(’("’-‘.‘ also mult iimh'-s
of sand gizing,  In one small mass were 3 sand graing, about 30 by 30 micra, and
one G by 30, hesides morve minute ones.  In another was a grain 40 by 30 hy 25
mnicri.

Two specimens of Lampsilis luteoln, one 4 mm. long and one 2}, were kept
elear water o few hours until the alimentary canal was quite emply thronghout.
They were then placed in such a heavy suspension of débris from the rearing trough
that the mussels could not be scen.  The suspension was agitated with a fine glass
rod, so that the mmussles were kept covered during the e\,xpm‘i.‘uwn‘b, which continued
from 4.30 to 5.15 p. m. Af the end of that time so much material had been ingested
that the rectums appeared as a solid black line as far as the anus,

b Lo the mout!

the i .Hﬁ IR

MUSBSELS 4 MM, LONG.

Tho outer gill has not yet developed. A specimen of Lampsilis lutesla was placed
in o suspension of carmine ab 9.45 a.m.  Carmine began Lo pass in and accumulate
in oval boluses in the esophagus.  Each bolus passed into the stomach in a swift

; P
gulp, 20 to spoak, sevoral L>t'(<m(1a Lo o hall minute between gulps, Alter about 10
[y ;
minutes the stomach m)pmm,ﬁ red from the carmine bmnwiomtt\d thers by the cilia.
Then the i(;u vof the intestine began to appear red.  About this time the mussel
in

cousod §,\~'t<n~f and was lmncwod to clear water.  The remainder of the carmine
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sertion of stoniaet of L, defroli ahanib 3 ot bong, which had been kept in asuspension of enrnitine.

¢, entrunes Ly intest ine,  pHbEG.

seetion of intestine of mussel of Figure 7, 4, epithelivm of intestine; 3, mass of carmine,
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1he stomoeh and necwmulated in o mass about L millimeter

swly along the intestine and was discharged in one sass it
1000, ., ahont ene hour from the time it had been ingested.

Lary cnnad relained nopinkish colormtion ag il the epitheling

e enrine, b fhis observation s rolating mass of maleria

ary

v oL
conld be scen in the Toow of (he infesting, consisting, no doubt, of particles kept in

motion by the erystaliine styie.

A specimen of Lampsilin Dol was ohaerved while in o suspension ol ddbuis,

perticles of which passed to the palps, where some prssed down the dark vertical
siresks (Lhe grooves) on the inner faces and some pussed forward, usually [aivly
near the top of the palp, to the mouth.  The larger share of particles passing ofl
the palp went down the lirst two or three grooves, but a considerable nuniber reached
e middle or oven the more anterior grooves before being earried down.  This
material on reaching the Jower edee of the palps moved backward along the odge
and merged with the heavier sirenm passing down the posterior two or three grooyes,

The posterior end ol the palp as (ar forward ns the posterior bwo or three grooves was
often enrled up somewhat.

A wpecimen of Lompsilis luteale was allewed to ingest earmine until it beenmeo
rod from stomueh to anus.  In this, as in all the other cases, no considerable quan-
tity of material aceumulated in the stomach. The ciliary movement going on theve,
andd perhaps the action of the style, kept the material passing on into the ntestine
fairly rapidly, so that the sbomach was never packed full, as the intestine usually is.
This mussel was lixed and soctioned, the sections being mounted unstained. in
Fioares 7 and 8 photomicrographs of scetions of the stomach and intestine are
dhown,  Particies of earmine were plainly visible in the storaach, and the funen ol
tho intestine was packed solidly with it The epithelial cells of the alimentary canal
had taken the stain sulliciently to give them a marked pink color.

MUSSIELE 12 MM, LONG.

Ab this size the anafony of the mussel is substantindly that of the adulf, except
that the ouber gill is still Less than half its inal wideh (fig. 6, p.453). For that reason
it plays little or no r6le In feeding,.

Several specimens of Anodonta imbecillis were observed ingesting siall particles
of débris.  This passed in st the inhalent siphon, fell upen the inner gill, passed
down to its lower edge, wont forward along it (probably a groove there), and entered
between the palps.  Some particles moved forward acress the upper part of the
palp to the mouth and accumulaled in boluses in the esophagus and were ingestod.
Other prrticles passed down the vertical grooves sud were thrown ofl the palp, as
previowsdy deseribed (fg. 6). Sometimes the posterior eud of the outer palp curled
far vpward,  The Inner palp could not be scen clenrly in the living mussel, bet

+ 4

some of the sections the posterior end of the inner palp was curled avound so it lay
nesch to the visceral mass (g, 12), Cobb (1918) found that both the attached and
detached palp responded to stimuli by curling cutward ab ife posterior tip,  This
would operate to streteh the Inner surface of the palp, thus widening at least the
posterior grooves and perhaps all of them.  More material would fall into them and
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bo carried downward. The erystalline style was seen to rotate in one specimoen,
clockwise, viewed from the anterior end.

MURSELE OVER 12 MM. LONG.

A specimen of Lampsilis gractly 18 mom. in Tength was placed in a wateh glass
of water containing various plankion forms sand débris and observed with the akd of
o Bisoealar microscone for some time.  The mussel kept a stream of wialer pasing
in ab the inererent siphon during neawrly the whole period.  Bverything earried by
the approaching current was swet I except particles go Targe that they eaugi:
i o shors bentacios located upon ench side of the siphon il

Busents of

ar or Bve times as long as the widih of (o siphon,
Suel filaments wore usi

3
Lo ds carrind by the cuvrent b o river
i

T I e a ke Ty 4 ORI SV
yadside were caught by the tentacien

LAY g BN FEE DU PIUNUR B
wonh débvs o Dinments hoal Lodged apen o

soedomed suddonty W0 (OPCIRG & job 0L W

[
cavity and blowing the muaterial ofl the temiacles.  The eurrent of water wannii
hogan entering the mussel again after a shord interval.  The enlture contained sl
the spherieal alge, Pleodoring and Volvox, débris, and some nauplii and coprpuis.
Plecdoring was carried in by thoe eurrent, us were the filamentous algw when moving
endwize. Some of the Volvox were too large to pass into the siphon.  The nauplil,
being active, swam oub of the current and eseaped, being swept into the mantle
eavity,  After the mussel had been feeding for a time, perhaps 15 minnies, & string
of yucus began slowly to emerge from bebween the valves just beneath the inbualent
stuhon.  This continued to appear stowly and in an almost continuous st rand during
e whole time that the mussel was siphoning a streain of water through its hody.
Upon esamination the mueus was found to contain quantitios of filagnents of Lyng-
bya and Spirogyra and some Pleodorina.  In the light of other observations, guite
evidently this mueus had been carried from the palps by ciliary sction, bringing with
it some, ol loast, of the muterial that had entered the inhalent siphon and which bad
[ailed for sorme reason Lo reach, or al least to enter, the moeunth.

During the observation some of the feees axxpelled from the exhalent siphon were
examined and found to contain fragments of Pleodoring, diatoms, and a few pleces
of flanents of Lynghya and Spiregyra, showing that some of the Pleodorina were
heing ngested and that a fow, ab loast, of the filaments of Liyngbya and Spirogyr
Ll boen brought up to the mouth in sueh a position that they could enter.

A spocimen of Lampsilis gracilis about 15 mm. long was placed in a culture
similar to that just deseribed.  ven at this aize the valves of this species aro so
thin that they are somewhat transparent, and the course taken by some of the larger
particles alter they had entered tho mantle chamber could be observed with the aid
of the binoealar microseope and the clectrie light. The filaments of alge, beng
fairly large, could in many eases he observed during almost their entire course
through tho mantle eavity. Most of the filaments were whipped forward rapidly
over the gills and could be seen to poss between the palps.  Thelr movements at

<

the aaterior part of the palps and in the mouth region could not be observed, since
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the body of mussels of this size I8 too opaque to allow sullicient light to pass through.
At frequent intervals rolls or masses of muecus could be seen to move downward
across the ;m%p bringing entangled filiunenis slong. These masses droppaed off the
vontral edeo of the pﬂ »into the mantle cavity and were carried hack along the
ventral side of thig wnd thrown out just below the inhalent siphon, L.ll\.u.mp, the
flaments with them.

Some of the filaments that entered the mantle chamber were carried well up
to the dorsal side near the vinbo and lodged there for a Gme, apparently out of
}'c\wl: of cilin.  Mventually, however, they would be moved downward to the palp.

Sorne [laments wers seen to have been earried to a poeint entively {orward of the
'i\mfi;‘..»‘s, dorsnd to the anteror part of the foot. Thetr procie conrse In veaching (s
':1»:1. wis nob saceriained,  These were Inter earvicd downward  and alons the
cirnl side of the niantte chamber and out. 1t should be emphasized that in this
the preseding observation the mnwns masses were ejected Trom between the
o -ans; vadves below the Inhalent siphion fairly steadily, being {orced out by the
action of cilia Tocated on th inm:r' face of the mantle, not by spasmodio clos-
ings of the valves.  The latter remained motionless durmw tho process.

ETULY OF SECTIONS OF THE PALPS.
ADULT MUSSKLS.

Prof. 11, Walton Clark, of the Fairport staff, removed soveral specimens of
Anedode dmbeeillie 10 to 12 nom Jovg from the river and placed them ai
once in Bouin®s fixative, This killed theom instantly, and in a few hours the shells
were deenleltied by thoe veetie acid in the fixative.  The mussels were then run
throneh the aleohols and cleared in eodar ol Several specimens so prepared woeve
Lindly placed ab the disposal of the anthors by Mre. Clark,  One valve and mantle
of thess wore disseeted away with necdies ander o binseular microseope. Tha
intestinn and in seme eoses the slomaeh contained ngested material: also in
iy inslances masses ol material could be seen upon the palps, some in the

Cgrooves, some along the upper part, somo forward near the moath, and sometimes

g s i the esophagns.

Tho region of the erystalline style was clear and colorvless exeept for o little
material along the sides of the style, this serving to mark it off and render it more
waily discernible.  Inosome cases the head of the style was vigible In the stomach.
Somao of these mussels were lighty stained with borax cormine and photomiero-
oraphs were taken, two of whic {‘ are shown i Figuves 22 and 23 (opp.p. 459}, One
or the other of Uese fignres shows the points just enumerated, and Firere 23 shows
also nomass of déhris Just leaving the lower posterior corner of the palp.

Frontal seetions, which would cut the ridges and greoves fransversely, show
that vertiea] eill: ud ridges and grooves oecenr on the inner faces of the palps of
mussels from st least the length of L, vpward (Nigs. 9 to 16, inclusive),

igwre 14 1s that of a portion of the palp of an adult Lampsilis luteola seetioned
transversely to the ridges and grooves and shows the ciliation quite clearly.  Data
wore kept so that the anterior and posterior ends of the palps could be recognized
in thoe sections.  In this figure the free edges of the yidges lean foward the anterior
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ond of the palp. It will ho noted that there is 4 congpicuous notch or depression
on the posterior side of cach Tidge near the bottom and another, nob as large and
well defined, on the anterior sido and near the top of the ridge. The notehes are,
of conpse, cross seobions of longitudinal depressions or grooves along the sides of
the ridges. The epithelial cells in the bottom of one of these depressions are
searecly hall as highas thoso covering the remainder of the ridge. The eilia there
sre short. The posterior notehes are shown by Allen (1914 fiz, 13) but are not
comptonied upon, The anterior nofehes are nob show. No further reference to
Yrese depressions has heen found in the literature on the subject,

T ean furthorfencen (fge 15 and 16) that the epithelint cells and eitin e bath
relatively long from the poste i notel upward o o poinb just anterior to the crest

i and Trom this point down vird to tho anterior notel they a

of the vid

Al is A pro e cels and eitia, whit

'15'(]3,:!.{.‘t"‘ Yy 1%):."1'\3‘ :

Ty the bobion of the AT Db

N P .
(i Thie oot
) \

Cio the pogterior B

s struetural details may bo observed 1n speennons as 3

by
o the o

7 . (igs. 50 and 13 show them to 50me extont) but are more COTEPICTINS 12 tha
adull.

THRORY OF THE FUNCOTION OF GROOVES ON WIDGES OF PATLTA,.

Wiat is the connection hetween the anatomical featuves just feseribed and
the abservations made of the actual process of ingestion, espeeiadly Lhoese made in
(e mussel 16 10 12 nua. fong whepein these clruebures are present? By the use
uf thoe strong Oansmitted electrio light, as Jeseribed, particles were soen o piss
aeross the ner faee of the outer palp, from ridge to vidge, to the lips wid month,
Gther particles wore seen to pass down the furrows Between the ridges fo the ventril
edge of the palp. Both sctivities were usually peeurring simulbaneotsly, citherone
fo o prenter or less degree secording to eireumstances. Particles were naver seeh 1o
P IO the palp in o posterior direetion, and particles were never seen fo o

up the grooves Coward the dossal edge of thoe palp (Siehert, 1913, and Woellengren,
15y, There was never the Sighest evidence of & roversal in the divection of hrab

of the eilin, even when TInG graing Wers touching the mantlo eduae, paip,
mouth, esuphagus, or stomiach.  The valves often closed, apparently to excludo
warmine, either ab ence or aftor somo had been ingested, bub noe e rming Was ever
soen to move backward aeross the palp. Carmine was seen to move down the
groOves, B Were 2 sorts of other particles, often ot the sane Lime that other
Carmine grains were moving forward across the palp.

fe would seem that the anatemical and behavioristic evidence would support
he followmg theory concerning the action of the eilin.  The cilin in the area over
the posterior gide and erest of the ridge between {he posterior and anlerior notehes
always boid forward, moving particles cownrd the mouth, the ridges Teaning well
forward,  Tho cells and cilin in most of this aren are long. Just ahove the anterior
oroove, however, the cilin are short, and theso would allow some particles in the
process of transfer to the next ridge to fall down hetwoeen. If the padp were strotehed
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P

anlal soetion of Lo felrode 1oming long, showing palps on plght side, o, tsouth; &2, palps, showing
RUE 1 ridies Tg eross seetion. X200,

i, 10~ Frontal seelion of right palpy of L. fufealn 8 mm, long, A, footy K, gill; Cand B, palps. X200,

Fra. Ha—Fronial section of palpsof L. fefeofe 5 mm, long, A, footy B, outer palps; O inner palps. X500,

Fra, 12—Yrantad soction of prips of L, Tuteole & mmy, long,  Letfers as in Tigure 110 XE€O0,




Burr, U8 B I8, 102321 (Dyae, 630

et erion endds of palps of f. Dedenfn U3 panny, Jom, showifn prooves on sideos af ritlpes

ek posterior el ol inner paibp ol about, Catiging the rooves on tho appasing fuwe to he widened. A4, fool]

) iy Cand D, pualpg, WO

e, 14 —{rose sectiotn of pldoes s inner faee o palp of aduly L. jardenn, showing grooves on fAnt.) anterior and

L) posterior sides, S HUL

s seebbon of ridees on Tunor face of ndult Guadrela prstudost, Showing posterior groove, and ¢,
anterior grooy Pl avidence seened Lo show that in the srea abe the eilla heat toward Ant., while in the
area cda they down the groove hetween the vidjras. X100,

Tyt 16 —The sune a8 Flgure 15, except that the boekogrennd of the pegative was painted out hefore the print wis
miade.

Fut, 13— Frantal secting of B
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aa. 17 v w0, -—Ceosy seotions of palps of Lo fufeola 5 mow tong, o, longitidinal groove an face of Inner polp;
Fopreove o ovder palp, U0,
Fi. (SeeCross soction of upper portion of paips of adolt L brteole,  Letters ax i Figuve W0, X306,
Prs, 10— Partion of cilinfed epitielinm on outer side of palp, X 00,
Fra, 21-~Crass seetion of esophagus of L fefeole $ i, long, showing Bhe cllinted opithelin] Hning and masses
of materind in Lhe jrocess of being ingested, A4, hunen of esoplingus; B, Comuariain spg O portion of anterior
b

adefuctor mmusele: £, corehral ganglia,  Xx430,
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ihed anopo A4, s widening the furrows, more particles would fall into

rian

o Thene cwould deop upon the targe eilin just below the anferior graove, unon
i
i

1

cvior sreove on the nest ridge aliead, or even to the boliom

;1.; ity i,’r(?§(_e\i" i

A

3

of the furrow, where there are also eiling Thoe cllin in the Tarrow belweon the fwo
sotehes bt downward snd carry partieles to the lower edge of the palp, where
they pass back to the lower posterior corner and off,  To summarize, the cilia
shown in Figures 15 and 16 heat Torward in the region @ h e and downward in region
o a.

LONGETUDINAL GROOVE ON FACES OF PALPS.

{ross soetiond wWore made of hoth juvenile and adalt palps (figs, 17, 18, and 20),
these p:amﬂ dine, of course, tha vertieal ridges. As will be noted from ﬂw fonres,
Shere is n well-marked eilinted groove running longitudially slong the nuer face
G. e, the side next to the outer paip) of the inner paip amm(\:h.x oly below e {ine
of um(m of the two palpa.  The groove s well defined in both the juvenile and
e adult, There are indieations of a smaller, less mm O(i groove ol a similar
yegion on the outer palp, bt i ds nruch Yess (()m;n('uum. Recalling the direct
observations on mgestion, in numerous cases material was seen to pass forward
Between tho pzﬂp% quite near the dorsal marging.  Apparently  the materisd
olservod noar the dorand edges was being earvied forward in the aliated grooves
eiawri’ho A, In the experiments in which the mussels were feeding in 2 heavy

sspension of débris all the material that was ingested pussed helween the palps
in this upper vegion.  The grooves were so widened and {itled that the lower part
of the palps was ocoupied mostly by masses of material stroaming downward and
off. TL would seom t.'i'z:z‘i, tho u;ngu,udxna&. grooves, or ab least the large ane on
(o immer face of the inner palp, act as an accessory mechanism Jor casrying
material forward,  Espeeially in ﬁu case of o heavy suspension of particles i the
water, the action of the groove or groeoves enables the mumsel fo oblaime some
matoriad, \H‘h()lmh miost of the palp is entirely engaged in removing the over-
abundanee of débris.

Fiowre 19 ahuwv n portion of the outer face of the palp of an adule mussel, 14
will he seen thab it is cilintod.  Allen (1914) and Kellogg (101 5) agreo thai tho oilia
on the outer faces of the palps beat away from the mouth and remove maierial
from the palps.  No observations were made on this matter by the present suthors.

CONCLUSIONS.

The evidence of direct observation of the proeess of ingestion does not in the
loast Tavor tho view thad tho mussel exereises any selection of ingested particles by
menns of (he gills or palps. The palps act quantitatively, not qualitatively.
The palps appear to be o mechanism ;’m' roducing the quantity of material Lo an
amount that can be handled by the mouth,

The strotehing or 1«\“-3&1@1;111'»“ of Hm palps, as just stated, allows more mate-
rial to be sweph off, s0 the quantity brought wp to the mouth ean be reguiated to
some extent i this moanmer,  The experiments in the ingestion of carmine showed
that al times the mussels closed the ﬂvos\,u aally af nuptly, and often kept them
50 29 long as exrmine grains were present in the water about the siphons or edges
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of (he mantle. Tt moust be aesymed thab the carmine Wis, 80 to spoak, distastelul
£ them, and {hereforo excluded. This seleciion Was not brought about, howeven
hy the palps, bub by closure of the valves, usuatly only after carming partickes Tad
ponchoed sOmo portion of the slimentary €28 AN

o0k,

JUVERILE MUSSELS.

Considorablo Lepowledue of the materials ingesod by $reeh-walor musscls,
Lperially Al glages, Was geeured. IR fhe coulsd of Uhe obseryalions

TR AT HiL by OF mcestion. A survey of e G petis
o by thad, w cenerad, B {

3y thay il from the (il heygin Lo it
; - v
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S T st (ry lugs
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e bl ol
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o Lo IHere

4 H ; VoA e ATy i eanarricd
i o . SOL) shovs ool T BT e sl

pobably Odantidium, and othor <

Tom :%t.(t@‘;}).{:,‘mx(ij::.(::m, i

Fragments of other plan :
Shrough. s aarno ALEN ach thero werd found, Besides déhris numerois apeni
of Cloeconeis, ALY f-'aLo.;ﬂ'u_modisctu‘s, soverak flagnentous dintomns p‘:'ob:ﬂ.)"ay {Ordome
Lidimm, and many collsy of groen algm 10 Joubt from colonial Torms wuch 038 Yolvox

., forms and dabris may Ws0 B noted. A

4

and Plocdovind. Plere were also cortain yellow Hodies, which appenred Lo e
pollen Graing of some sorh

Pigurs 24 {opp- P 450) je that of a sectlon of the stomach of another el
1 . Jong. The head of e style may ho observed projecting into the atamashs
A portion of a filament of whal z':lmc,:_z‘r(zd under the oil Tmmersion lens Lo be Udon~
prdinm sh. G By 800D, together with débris and other pagrments. in obher sec
£ians Sipongly this 5000 shomach tho pullen gyRing of the yagwead ( Awhrosid qrbenisite
folia) wers identifiod. his ragwoeed WS abundant around the edgos of the ponds
thad aupplied (e water for (e rearing od chy from which the ysseis Were takor.
Pollen grams of other plants, Aohris, and fragments of diatoms Were also abundant

i the seelions:

Ficure 25 1 o seebion through the stomach of 2 mussel aboab g pm. Long. The
anterior end of the style appears: Pwo or three gpocimens of Stophanodisets, Lwo
of the Jesmid Clommarum, and probably Odontidium mMay be secn Do,

Wigare 20 i 2 goolion thyough the intestine of the soma gpeCimen. Srephano-
Jiges, an uz'\'rtf.nngl'{i'/.:‘ﬁ)'m greoh alga, sOME potlen graing, and filaments (hat muy bo
Odontidinm, appeat.

Ty other soebions from his speeimen, in addition $0 the forms just mentioned,
{hore woere found the Jarge diatorn Clogeinodisous, (locconels, & partly digestest Pan-
doping c0lonYy; Volvox, Seonod oSS, Wiclosire, and  moeny anrecognizable {rag-
ments of (ilamentous diaborms, coble of groen algae, polien gTUnS, and débris.

In 4ho stomach contents (oblained bY Jisseetion) of @ mpussel 1 . jong Were
sound débris, & Naviculs 43 micra long, Cloceonois, (Cosmariun, and fragments of
flamentous diatoms. T other small pnussels Were found broken oF partly digested
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Wit 9heSeetinn of stoneh of L. ldeole 3 von. o, A, prebably Stephanodiscus sp. B, Cosmarin
sp O B, and B Stephaaodiseus spg B, Costviion; O, prohably Stephuenodiscus sp. The stall
filnmonts are probably Odentidica sp.; Iy erystalline style, X440,
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dintom

7 e contents of portions of the alimentary eanal of

varving in size from O to 15 mi. long, the smalier ones being dimseotod

pnder the binoenlar microscope.  Some were from the rearing trough, others from
e Mississippi River. A list of various organisims and material found in them
Sollows,  Greenish-hrown masses consisting apparently of mueus, organie débris,
ared thie following entive or fragmentary recognizablo forms: Trachelomonas, two
or threo specics, numerous ones hving; tests of the rotifer Neratella cockledris;
Chinmydomonas, some living, Monas sp., ono living; Phacus plewraneetes; P longi-
caudns; Peridiniwm tabulatum; Fuglena acus; E. spirogyra; L. deses; encysted
Buglenas; Nirchneriella wp.y Pediastrum duplex; Tribonema sp.; Seenedesyis it
piocdan: S, acuminatus; 8. dentienlotus; 8. arcuadus; 8. dimarphus; 8. brosiliensis;
S, abundans; 8. bijuga; S. arenatus platydisca; Celastrum sphaericum; O, micro-
porm; Cricigenia Grrequluris; O quadrate; Chrooeoceus winutus; Trtracdron couda-
tun or pentaidrigum; Telrastrum slayrogeniaforme; Pandoring morum; Microcystis
Gnceric; Aphanocapsa pulehra; Merismopediv puncata; M. tenuissiina; Platydoring
carndata; Staunrastrum spoy Pediastrm duplex; P. tetras; P. simples duodenarinm;
Dandorina sp.y Sclenastrum westii; Platydoring sp. Microcystis wncerta; Staurastrum

an.y Pleodoping califoruicd; Ooeystis; Dinobryon setularic; Telrwdrot sp.; Volvox;
aomerons green colls of broken-lown colonial algm forms; many species of distoms,

i
sommie Glamentous; emply bests of dintoms, and eells broken from filaments.  Some
specimens contained great pumbers of empty loricas of Dinobryon, one fragment

being made of over 20 united zoolds.

B
i

ADULT MUSSELS,

The alimentary feacts of some dozen mumsels were exarnined eithor innnedi-

ately upon being taken {rom their natural environmoent or after having had the
addnetor mumeles enb and being placed i formaldebyde to stop digestion and
preseryve the infestinal contents. Somo of these mussels were laken from whe
Miscissippi River, some from Lake Okoboji, and some from the Little Sious Hiver
Howa).  The following is a list of the kinds of material found in tho alimentary
ennel

Cireonish mass made 1

3 nuens in which were mingled Dilllugia tests; Dintoms,
various species; Yeivox; 1

}
radoring, whole and fragmenis; algn, whole and frag-
52 by 400 micra, others 44 by 28 micra, and smadier;

moenis: sand graing, one

Afiopoevaties Tracment, 060 micra fong, of edllulose wall of plant; loriea of a clado-
7 i) ? ™7 ¥
covan 720 micrs long; lorieas of rotilers, probably Anurwea; a flageliate, apparently

Lagerheiming Seenedesmus; Pediastram; fragments of Hamentous alge; Staurasirum
brovisplouan; Colasirom gphuericnn; Euglenas, normal and encysted—some living
and active—fnglena viridis, . deses; B wous; fragment 70 micra fong of o small
ertstacenn,  Ddbris, ovganie and inerganie, and sand graing were found in cvery
specimoen examined.

Allen savs, “As stated by Zachariag, Petersen, the writer [Allen], Baker, and
conmidernble quantities of inorganic and orgnnic débrie are carried into the

athers,
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stomach with food.  Probably mueh of the stufl which Evermann and Clark eall
“mad? i oreanie. The Tact that neither they nor other writers list said {italies aro
Allon's] i the stomach contents is farther evidenes of a sclection of food material,
and thab river species are nob an ox wpimn. In view of this statemoent %l:, “UenL
important to note that sand was Tound in tho alimentary traet of every vussel

exnamined but one, whether ﬂu*y were taken Trom o lake or piver.  The mussels
from the Tattle \%m\ x River, which is Little more than o muddy ereck, contained an
cepecially Jarge quantity of sand and maud. Allen Turther stales (1621, p. 227) thal
mm\*mud wrborimdung, staveh, and carmine weore never Ingested by the muesds
i b exporiments, and he concludes that mussels exerelse & quite vigid seleelio
s maderiad

sterl, Helloge, as previously quoted, says “there is no sele

SR

wrebion of Tood oroanisms from ether water-borne part ticles.” I wiow of this

versity of views relitive to the matter, further experiments were performod.

FEEDING EXPERIMENTI.

INOGROANIC MATEY

AL

On page 454 under the observations on ingestion, an experiment s desorlind
which a small jovenilo mussel ingested sand graing in such guantities that the Teces
were more than hall composed of them.

Iy addition to the use of sand, experiments wero made in leeding borax earniine.
Tt had been found in the observations on ingestion that the mussels would take it
o somo oxtent.  The first lot of mussels used consisted of speeimens ranging in
fength from 12 to 25 mm. taken fronn the Missbuippl River. A suspension of
Borax eatmino in tap waber was muade and the different mussels kept n it for
varying periods and the contents of tho alimentary tract then examined micrsenpi-
eally.  While some of the borax carmine netually dissoived in thie water, o good deal
did not, and in the examinations search was made in the alimentary eanal for dis-
erote undissolved particles. It is to these that referenco is made in the records
below,

Lesnpsilis gracilis—1% to 2 hours. Intestine filled whole length with earmine
gs for as the anus,

Oboverin cllipsis—i4 specimens; 1} to 4} hours.  No earmine whatever in the
alimentary teact,

Lampsilis gracilis—2 hours.  Carmine abundant.

Lampsilis levissime—2 speciuens; 1} and § hours.  Carymine present.

Lampsilis fullociosa—3 hours.  Some carmine.

Obovaria ellipsis—23 hours,  Some carmine in intestine,

Ouadrula pustulate—20 hours,  Much earmine whole length of the intestine.

Anadanta corpulentu—24 hovrs,  Much earmine whole lengih of the intestine.

Lampsilis graeilis—26 hours.  Much carmine the whole longth of the intestine,
Txamined the red material in the posterior part of the rectum and some fow particies
of carmine wore fonnd, which were as large as the small dintoms found intermingled.
Most of tho curmine, however, consisted of quite fine irregular particles.

Quadrila pustulosa-~23 hours. Considerable carmine in the intestine; the
style was pink.
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Quadrula undata—22 Lours., A litilo carmine in the intestine; the style was
faintly pink.

1ermpw'f" gricetlis—3 hotrs, Considerable carmine in the intesting,

A specimen of Lum;w/u bateola, 3 mm. long, was kept for a time in a carmine
suspension and then seationad. Particles of carmine were found in the stoma 4,
and the intestine was packed full, A photomicrograph of & seetion is shown in
Figure 7 (opp. p. 455,

several large or adult imussels wore triad in similar susponsions.  The resulis
Toilinv.

Plagiola donaci ;’ur IR — No carmino.

}..‘-‘.},‘?‘;I-\(!Tf‘\ e H!iie"(;‘ﬁ.’:’i - ';\v'() (3;11“E}}i.t1(}.
Sl spo2 spectinens. Mol carmine i the intestine,
2 hours. No earmine.

o
o

. . . .
FRES n.\‘:fz\‘ ol foed

Sacdmila plicaie--32 hours,  No CHEMING,

uaddn wndata-—15 hours,  No calmine,

Olivesirie r."(’-fp\'-'x-ul‘) hones. No carmine,

Gilipuiria roflezn—19 hours.  Carmine in stomach and rectam, This indi-
vidual way 179 uu.lus.~. long, an adult being somewhat over 2 inches in length.

Lampsilis Levissima—27 hours.  No cupmine.
Lampsilis lovissime—27 hours. 3 or 4 small particles of carmine found in the
rectun.

Lampsilis gracilis—22 howrs.  No carmino,
The results are summarized in the following table:

Tanin 1e—Showing results of lest in borax carmineg SUSPORSTON,

gested coriing, Did not ingest carming,

h
Sl 0n nag, ar Jesd), i Adtult, l Smalt (25 mim. ar L | Adult.
:

R e e } B “
A spoct- T Splisierium, over halfa d !m‘m,l Ohavaria oflipsia, 4 speciniens, | Plagioly donas Aformis, 1 specie

i s
Wi, ospecimens. . } Dinuari relleay $epeetmend L.Er:il:{wuzs venbricoms, 1 spoeei.

Lo s, | r:;>(‘-cime'n,‘_‘_.__.j Lrrnpailis by b, opeed I In :u::_:}ing:tnid(«: 1 specimen,

alen, o few puedd anly,

Iapw L, A inudrula plieads, 1 specimen.
R I T A e ¢ G undita, lspc*:-imm

§ o, ©apecinen. .., .. I spwecimon,

Q. paisinosi, 1 specimen. { Li i i 1 aposiinen,

‘snmlqm eorailenta, L spect. |- T I e |-
e,

: |
| X . i

ttwill be noted that none of the adult mussels except the Spheeriums, the 0,
;(ﬂmu and the L. levissima ingested o wnmo, and that only one of the juveniles,
G ellipeis, fuiled to take ~m\/ fuxeopt in the cases of O, ellipsis, L. gracilis, :md
O wndeta, the adults woere of different o species than the vam!v The fact that car-
mine was rioh taken by them Ly bc a question of a species difference and not one of
age. From the Tact, however, that in tires o uses ib was an age differ enee, it would
seemn thal the }nopundvmnco oi" e vuknoe i n favor of the theory that as the muns-
sels approach the adult stuges they take less carmine.  This s would, no doubt, aceount
for the differences between our rosults and those of Allen. brom the observations
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made on the process of ingestion in the smaller mussels it would seem that tho
adult mussels in the presenee of carmine simply closo the valves and ceuse to siphon
water throuh the mantle cavity.  Obser ration of them while in the suspensions
substantiated this: they remained closed most of the time. The matter of the
ingestion of sueh inorganicn aborial as sand and the like will receive further attention
in connection with the following experiments,

ORGANIO MATERIAL,

Tn an offors bo aseertain move precisely what the {ood of mussels s and whether
or not they exercise any marked degreo of choice hetween different material or be-
nie and nereanie substances a numbaer of experiments wove poerior
Ateriod wlono was wsed it Tnost cases, bub i few mslanes :
s the eati

:-!:\.I}{'i D

ised it the eutiares, Tueases where the bolio
carely was made i the alimentary bract s

hhes Srnents wers condueted at the lowa Lax
¥ T, where the tap wates co shsbed of fltered lnke water, wi !

o seme fow food organisnms, B fussels kept in i, however, Toraday or b

B ol

Concl ot 1o ebiain nueh food, as was shown By mn examination of 4
et Somme of the nusels used fo the experiments weea proviously keptin
water unbil (he rectum was observed to Be empty, and then ubilized in the tests,
iase wore snall mussels i which examination could be made throngh the semi-
transparent valves.  The results of the experiments foliow.

A specimen of Anodonta grandis ahoub 25 mitlimeters Long, the rectum nearly
cmply, was kept for seven Tours in a eulture of Tyngbya, Anabuna, and Micyo-
cyutis, Upen examination (e stontach was found Lo contain considerable matesial,
meinly Microeystis, a fow pleces of the filamentous Lyngbya, and Anabuwna being
inelided, however.  The reetum contained entire and disintegrating Microeystis in
shundanee and alittle of the other two forms. The filaments probably could not be
fngested in raost eases hecanse of their size and shape, while the rounded Microcystis
could enter the mouth, A Sphwrium sp., halfagrown, i similar calture to that jast
mentioned for 12 hours, gave similar vesults,

Anodonte grandis, 25 millimeters jong, in tap water over a bottom of sundd and
mad from the Little Siows River 18 hours, contained in its stomach Faglena, entire;
many fine sand and dirt particles; a fow faily large sanl gralns, one 32 micra across,
and some dintois; rectum, packed ful}, many particles of sand and dirt, an entire
encysted Buglena; nfow round algal forins; one or two Scencdesmus.

Anodonta grandis, 25 millimelers long, reclum emply, in culture of material
frarmn Spirit Lake, the bottom of which was mud {rom Little Sioux River (there was a
sispension of mud in the water for a6 least an hour alter the beginniig of the experi-
menty, alter an experiment of six hours contained the following in the vectum:
Fuglenas, one dozen al least living individuais and pumerous partly digested frag-
mentbs; some eneystod Ruelenas; Seenedesmus; diatoms, elongate and rounded, some
entire; o large entire desmid 460 micra long; bits of Microcystis; one or two {rag-
ments of filaments of diatoms; & few small living flagellates, unidentified; débris
of plants, sand, and particles of carth; o living Vorticella head; a number of other
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Three other s pemmnw woere Kent in
I ¢ ; i

Vi OEIY O, AT G

s bimee-about 24 oo I mnos

COR0OHE,

ol some of everyilangr small enough to enter the mo f*m, iret
and dohre, Mo (:ii.o one enso in detail, the alimentary canal eould ba tr
the stomneh o the anes by the red color due to the red Huglenas, Upon ton ..in;_f BHE
red mass aparet clumos 0‘ tha green Micveeystls could be found in 1. Numbiors of
other forms and materinl of different sorts wore also found, as sand, earth, 5011(-:“7 of
rolifors, the test of o Cladoceran, bits of alge, and part of the test of o Dl
Upon examining the masses in the intestine it appeared ag if the coloving mualter
from the Toglecss was i the form of adiquid, or asstumed that form when the Iigle~
nas disinteprated,  Many of the lovieas of the votifers, the test of the Cladecoran, and
the spaces in the disintegrating alew previously O((Hpﬁ(‘d by ehiromatophores were
filfed with what appeared (o be lakes of pink or orange-red color.  Some of the mucuy
mingled with the material in the intestine was stained pink. It scemed evident that
the eoloring was in dguid form, or tool that form when tho ISuglenas disintegrated
and spread throughout the mass, collecting in almost any empty space and staining
many of the materials & pink or orange-red color. Xvidently the red Buglenas
were being digestod.

BROKIN FILAMENTOUS MATERIAL.

Sineo the water of the ponds supplying the rearing troughs contained much
débris from the disintegraiion of algm and {amentous diatoms, 16 seemed of intorest
to use sueh materind in direct feeding ox;wmnom; upon juvenile mussels.  Some

the algn (dogonium was ground up in a mortar and put in tap water to form o
culture 1n which several mussels wers kept, most of tho‘m some 10 or 12 hours,
The intedtine was then examined with the following resuits:

Lwanpsilis Luteola, 10 mm, long, Two pieces were found that were unmis-
takably pm{wm of (idogoninm, one being a complete cell. There was also a
genernl mass of fine débriy t,h.zt .L})])O.Ll"(‘.d to be largely made up of fragments of the
cell W:l.H and pyrenoid bodies from (Fdogonium.

L. fallociosa, 12 wm. long.  One ahmost entire cell and a recognizable portion
of ‘Lm){m oo general mass of fragments as in the preceding case.  IFive othoer mussels
were used in L—he same experiment with proctically the same resulls.

Fm'i wer prool that fragments of aquatie forms of various sorts are ingested 1s
furnishied by observations m.ndi* upon some speeimens of L. futecla taken from o
eorfain drough n which the water contained o great abundance of empty loricas of
Pinobryon.  Quantities of theso loricas were found in the alimentery canal of
s, somelimes as many as 20 being still united in one fz'\wzmnlj 8
recorded on page 481,

thess mussels

e

e
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el

AT REGUIRED FOR PASSACE OF FOOD THROUGH THE ALIMENTARY CARLALL

Frant oxpr

seribod (p. 450, material was fonnd fo pass

mewhnt less thon 1 hour, In ano

SERTREI

shroush the alimentary cannd in so
(p. 455) cariaine grains passed through in an hour and 10 minutes. Appros ¥
the sume resulls were obtained in several experiments with juvenilo musscls from
2 to ok mim. in ongth,

Tn larger spocimens, even thoso as Jong as 25 mm. in certain spocies, the valves
aro <o thin that one can sscertain by holding the mussel up to the light whether the
rectum is filled or empty.  If filled, i will appear as a dark brown or black thread
exiending from the point anterior to the heart where it emerges from the visceral
mass (o the anus, 1 empty, it will appear pale or coloriess,  Specimens may be
kept in filtered water uniil the rectum is scen to be empty and then placed in
varions cultures containing food or other materials, and almost the precise momoent
ascortained when the first waste material reaches the anus.

A specimen of dAnodonta grandis about 15 mm. long, with rectum empty, at
G n. m. was placed in filtered water in a container the bottom of which was cov-
ered with » lnyer of mud and sand.,  The water contained in suspension particles
from the sand and mud, including probably some organic forms, At 2 p.m., orin
five hours, the rectum was filled neatly to the anus with black material, which had
been ingested from tho suspension. The mussel was then placed in clear filtered
water, and at 4,45, or in two and three-fourths hours, the rectum was empty.

A specimen of AL grondis 25 mm. long, the rectum empty, ab 845 . m. was
placed in n culture the botiom of which was composed of river moud. The water
was thick with suspended materind, part of which was fine particles of mud.  The
waler remained guite turbid all through the experiment.  The mussel bogan crawl
ing wt wbout 9 a. m. At 10.15 nothing could be scen in the rectum, bud, through
the valves, masses of darle material could be discorned upon the palps. At 1140
the rectum was Glled within about 1 mm. of the anus.

Three mussels from 15 to 20 mm. long were kept in suspensions of borax
earmtine for periods varying from one and one-half to three hours, in which potiods
the roetum beenme completely filled. The entire length of the intestine could be
traced without disseotion owing to its bright red color. Taken as a whole, the
experiments show that in juvenile mussels o particulur particle of muterinl pusses
through the alimentary canal in frowm one to five hours, varying roughly with the
sizo of the mussel.

| GENERAL CONCLUSIONS.

1. In the small juvenile mussel, from 0.2 mm. to perhaps 2 mm. in lengih,
hefore the siphons have developed, material drawn in by the cilia on the gills pa
between the valves ab points from the midventral side to the anterior end.

9. Bhefare the ouber gill has developed, the material falls wpon the inner gill,
passes down o the ventral groove, and forward to the palps. After the cuter gill
has developed the material that falls on the cuter side of that gifl moves up to tho
dorsal edge and forward to the palps.  That striking the inner side moves up to the
dorsal edge, is transforred to the inpver gill, and moves down, together with the

JE]
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ratteial it falls diveetly wpon the inner. These observations confivm these of
Ao and Rellavw made upon adoll mussels,

S AL the palps the material passes bolween their apposed faces. Some of i4
enrried down off the padps by downward-heat ing cilin in thio bottoms of the vertieal
graoves. The eilia in these orooves head downward, s stated by Wallengren (1505),
and not upward, as thought by Siebert {(1013).  Some of the material is earried
forward to the mouth by the furward-heating cilin on the erests of the ridges between
the grooves,  These observations also agree with those of Allen and Kelloge,

4 A longitadinal groove was found on the apposing face of each palp immedi-
ately ventral to the line of union of the two palps. No previcus mention of these
grooves has been found in the Literaturo, Some material is carvied forward o the
motth by cilia in this groove,  This groove fanctions especially when the missl is
feeding in hieavy suspensions,

5o A vertieal groove along the posterior side of each ridge, near igs base, is
deseribed, and another was found along its anterior side near the top.  The former
s fgured by Allen butb not discussed; the latter is not mentioned in the literature
reviewed by the authors.  Tha theory is here advanced that these grooves mark {ho
boundaries between the forward-beating eilia on the ridge and the d(ﬂﬂlwmrd—}.)mting
eilin in the groove.

6. There is never sny reversal in the direetion of the beating of the cilin.  Tha
pulps b times cwrl outward at the pesterior ends, thus making their inner sides
convex and longer, widening the grooves.  More material would therefore fall o
e,

7 There is no seleetion whatever of the kind of maberial passing down off the
prips and that going lorward to the moutl, Carmine grains could be seen ot
body vontes al the sume tme, The mechanisim of the palps operates quantitatively
ovly, reducing the amount of material i such o way that it can be handlod ut tho
mouth. Fhese observations confirm those of Kelloge, but are oppesed to those
of Allen.?

8. Mussels ean and do feed when the waler js so Dreavily Ioaded with material
that the anil s fuvisible in the suspension. This feeding is accomplishad by the
action of the longitudinal eilinted grooves near the dorsal side of the inner faees of
the palps. Food may pass along this groove while all the lower part of the palp is
engazed in removing the heavy aceumulation below, This observation disagrees
with that of Kelloge, but confirg those of Grave and Nelson.  The ingestion is not
aceamplished, however, at loast in the fresh-water mussel, by the seleetion of Tood
material and the rejection of tha silt, ete,, but by taking a limited amount of 0l the

Sles thig preliminary paper by Tharlow C. Nelson entiiled
e mpet i el Teeding o the oyster” (Procecdings, Hovfely for Experimontad Riolny and Moedining, Vo, XX, 1023, po.
WG-HR), Melsen sbiudjed Hzention in oyster “gpus’” by hirect observalion through the transprront shell. 3ig fouind
thad the laver particles of materin ! eHsed Ieve maes Lo be svereted Lhan did the siailer, thus fnereasivg the mnss

Larger m slps, being o nrpe to enter, 1o abse found thai the eilia in tha i
groeves of tho palps Beat upward and eerry sl particles up, and thad these particles reach the mouth, The
thovs found in the freshowater mussel, as stafed in {he Body of this paper, that the cilfa in these grooves beat down
cases. Nelson™s enernteonchasion is Lhat there is o “mochanieat sorting of the maferial ingested,” apparently on i3
slzey fudging from his paper, This agrees with the ndings of tho present authors in the wmusgel. Nelson, Dowever, congidor
St the norganio smalerkid, the nonfood, is mostly larger than the food, and the separation on the busls of size resulls in a
geparntion w8 the same time of the two classes of materinl, A3 will be seen from the present paper, these conelusions differ
from those of the authors. ‘

Kl

Derwent te press Uere hog orn roee]vodd by tha authors
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material present by means of Lthe groove mentioned.  Grave states that i onoe
experiment with oysters after three hours the stomach was so (illed with @ sediment”
fhat e could nob estimabe e namber of dintoms. 1L would seeny that his experi-
mente wenb to prove that Laneliibranchs feed in heavy suspensions of sy, but that
they do not accomplish this by & selection of one kind of material from anothes
g Tn the tests with carmine {here was evidence of rejection of materiah,  Howhor
or lnter many of the mussels consed to ingest carmine. The adults rarely fook wny.
PLeiootion, however, Wis nob made by any selective action of the palps,  Hront the

clmeryations ib appeared (hat the rejection was due to s stimulation {porhaps by

(ha sense of tustd) of the Wimentary canal by fhe carmine, foltowed by & chosnure of
Che valves.  Malerial was Hios exeloded from the manile chamber

ey, Waterinl passed throush the albmeniary anal in from one to five bo

o

Y SR TIN e . cept e e
g i 25 g Jong, the lenghin )

T, .

il in Loy piniasse
3

< ahont 0.9 Lo 025 mu lons, wwhieh bave
(e (e, Bhe mgested pad felen o, Of cOUERD, VETY antall—ouly i
.

;
(he neslerind s essentiadly the same, howover, as thnt For dho faczer
Protozon, dintoms, and wminute particles of detritus,  Mussels of adew
wore lound to ingost Faglenas measuring about 60 by 18 micra wihion «
shout 25 whon contractod.  Specimens 2 mim. long swallowed ved Toaglonas 160
by 35 micra. Mussols from 3 (o 4 mm. long ingested sand grains as large as 30
TIGEL ACTOSE,

12. Tho food of fresh-water musscls from the moment of Talling from the host,
thronghout life, consists (asicle from what is probably o relatively smsll amount of
dissolved material) of microscopic animal and plant {orms and débris or dotvitus
resulting from the decay and disintegration of such forms. Along with this mat erinl
everything else anall enough to ba admitied to the esophagus, not aetive enough Lo
pscape, and nob Possessing what ight perhaps be salled o “chomical or disagroo-
able taste’ (a8 carmine no doobt does), 1s also ingested. Toven theso dast sube
stances aro often ingested as carmine, a8 stated above. From this heterogeneots
material the alimentary eanal digests and absorbs whad it can and the vest pasists 0.
Entire dintoms with color, contents, and nueleus are found in the reeium (g, 18)
and in the feees.  DBroken and partly disintegrated plant forms, however, are founid
in abundance in the alimentary canal, Somo of theso are of sufliciently frosh
appoarance Lo wal ant the assumption that they were ontire when ingested.

Protozos, since they lack the collulose walls, are Do douht move casilty handlod.
Tn the exporiments with the red Fuglenas it was shown that theso forms dismtes
grafod in the Aimentary canal, giving the appearanco of having been acted on by the
digestive Guids. Tt would appear that a vory important food clomont is the organio
Femsing in suspension in the walor, espocially ahumdant in ponds or TIvers in which
o Tuxurinng plant Life s constantly going Uirough a prosess of disintegration.

19. In caso it is desived to Toar young mussels from the time they deop from
tho fish it would appear 0 be necessary, as lur as fo0d s concerned, only Lo arnngo
ponds, unconteminated by sewaga or stock, and place In them soma of the common
water plants and alge. The requisite diatoms, Frotozos, ote., will appear and




FOOD AND FEEDING 1N FRESIL-WATER MUSSELS, 4648

fourish thore, ol Fhese, with the datritos from tho docay of all the Living forms,
will supply food for the juvenile mussels placed in the pond or to which the water
from thoe pond is conveyod.  The problem of the rearing of young mussels is made
vasior by the fact that they will thrive on any of the microscopic snimal and plang
forms and their detritus, and it is unnecessary o plan any complicated fITAnge-
ments to provide special food for them,
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