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INTRODUCTION.

The developmental stages of fresh-water mussels while parasitic on fishes
huve received considerablo attention from German workers, different species of
Anodonta having been used as subjects for olassicnl studies.  These mussels have no
conmmercial v;ﬂm, and theve bas been notartificial propagation in Germany that
might buve Jed Lo studies of other unrelated forms.  In this country, however, we
Bavve the artificial propagation by the Ul 8. Bureau of Fisheries * of several species
of musseis, parlicularly of Lampsilis luteola, which is of a different genus from those
whied abrowd and one in which, thorofou the developmental stages might be
ar to those deseribad for fmodonias In this connection the examination
arvel mussels of this species has revealed a condition of the larval mantle colls
iderably {hm' wL from that reported by Gorman writers.

E Ppropsyation )wm mentioned Las been carried on undor the direction of the Fairport Biological Labor J.Lor},
The & C i pariewlarly indebted to H, W, Clark, scientifie a.ssisnmt, of the Fairport staff, for eriticism in roviewing the
srrunusering aand for suggestions during tho covrse of the work,
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264 BULLETIN OF THE BURKAY OF Msimems,
The rilo played by the mantle olls during parasitian and the ol ¢
ooonr during translommation are alike most i Leresting, amid o continiuune of Lo

stadics (which the writer intends 1o carry oud) will probubly vosuli i

of stidl further adaplations thalb will make s an abbractive and val
study. These changes are corvelntod witly embryological develonment ay ; :
bub sinee the development of organs of mesoderninl or endodermal OFIEIn AlG very
similar with different mussel specios and differ only in the extent of development
prior to and at the completion of $he eneystment stage, they are reforved 1o only in
so far as they have any relalion to mantle coll conditions.  Whenever citaiions are
made in this paper to mussel literature they are so stuted, with the author referred
to; otherwise all statements herein are the result of the worker’s observations.

MANTLE CELLS OF GLOCHIDIUM.

In order to understand the reforences that follow, it is n ecessary to hiave u slight
knowledgo of the histology of the glochidium, and this is briefly described from the
standpoint of the mantlo cells, since o more dotailod
treatment is not necessary in sludy of this nalure,

The manilo consists of two Iayors. Dnnnedi-
abely underlying the internal surfuce of encl valve
of the shellis a very thin membrane, which repro-
sents the inner mantlo (fig. 1. This Ties Between
the valves and the remainder of the eloeliding
tissue, with the exception of the areas of addael-
mend of the adductor muscle. 14 s somelimes
diftieult to distinguish in the glochidium, but less
8o during later developmont, when the cells in-
crease in size and become sonewhat ennspicuons,

Covering this Inyer, in turn, are the laree colls
giving rise to the outer manile, which overlies the
greater portion of the interior of the viochidium.
This mantle is in the form of two folds—one for
Fig. 1—Section tirough addusior musdo of ef%(:h v:‘x]vc%wl.%ich. are continuous with ench other

sloehidiusn offulrola. a.c. sensory colisLam.c,, With the exception of a small area ventral {o what
b AL Gl b, o, e e ad, ] face oo o Curtis have termed “the ares of
adduetor muselo; 2. ¢., zymagen gramies, ” N .
flexure.”” On cach lateral portion of the mantle
these cells are large, fInt, and deoply granutated, with Lurge nuclel (g, 1), Ventral
to the adductor muscle, however, the mantle colls are extremely Oat, with smaller
nuclei, and the granulations are absont (hig. 1),

On the posterior side of the adductor musele is g group of erowded colls with
largo puelel.  Linteral extensions of this tissue, which is of mesodermal origin, givg
rise to the hearl, pericardium, and kidney, snd extensions hackward, somewhat
under the mantle (fig. 2, 7. p.), represent luteral pits from which the gilts originato.
These Interal pits enter lavgely into the mantle eoll transformation of the Anodontas.
Of the median group of cells the upper or ectoderm ecells give rise to the covering
of the foot fold; the deeper cells are the endoderm. This area is the only portion

[
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nol eavered by the mantlo cells,  The groups of sensory cells, although of ectodormal
derivation, eonsisting as they do of modified mantle colls, novertholos: strophy
soai after eneystment takes plaes and Tiave no Turtiier interest. .

Thus, the mantlo cells constitute the grentor part of the eellular structurs of the
gloehidinm and, with tho exception of the adductor muscle and the small group of
cells of the endoderm, Toot fold, and Tateral mesoderm, they represent the main
argunogeny of the gloebidinm, so that the fisst encystment stage might well be
ealled the muntle cell stage, sines the mantle is the .
dominating structore during this period.

A characteristio feature of the Inrgo mantle colls, as
has aleeady been mentioned, s their heavy granulation.
Theso granules, which give a firm, dense toxture to the
cells, aro so farge a8 to be conspicuons elements, and in
thetr staining resctions they bave the samo relations as
have Che symopen granndes of tho liver cells of the more
developed Tarva, They are thus probably eells with a
seeretory funcltion and yany be eapable of forming a diges-
five forment that would make the Ewrval mantle of the
glochidinm n digestive organ, constituting an anomalous
condifion in view of its ectodermal nature.

This granular feature is readily seen throngh the thin
shell of the glochidium when viewed alive, and it is
especinfly noticeable with saeh forms as Anodonta, where
the mantle colls have a brownish tinge, which gives a dark 4, 2—Section tiwaugh glochidium
brown coloration to the glochidium. This granulation is  of ltrela, posterior to sdductor,

X . o -y showing erea nok covered by large
a bemporary character, however, of the glochidium only, 5o . me., Taro mantlo
since 1t disappears soon after encystment takes place, as  eolls; . 2., lutoral its; end., endo-

. . dermyy mes, mesoderng i, m,
will be oxplained later, T TG '

PARASITISM OF SPECIES OF ANODONTA.

Sinece the hooked glochidia are fin parasites and the hookless gill {orms, the
conditions underiying their parasitism are not of the same fundamental nature.
FPanssek, Harms, and others have found certain anatomical and functional ehar-
acteristics of the developing glochidia typical of Turopean Anodontas.  Herbers
(1913), corroborating previous work on Anodonta, says thaé its developmental
anud anatomicad distinetions are none the less applicable to cortain Unio and Margari-
tana glochidin.  Although the first nccounts of parasitiosl conditions were very
general, yoi the subsequent studies have been all that could be desired, and at
present we have o knowledge of the details of encysiment stages of development
thid allews o full eomparizon in additionnl studios.

Sinee previous work has been confined chiefly to the hooked glochidium and
since most of the deduetions have been drawn from the studies on the develop-
ment of theso forms, a discussion of our prosent knowledge is in reality a discussion
of the hooked typo of gochidium and will be referred to as such.
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carly eneysiniend stage tvoone ehurseterized by a narked transio

and subsequent degencration hn charscter, function, and appearance of the i
(feﬁx

By virtue of the lnrge hooks the glochidia have Hittle difliculty in sceuving at-
{‘;u".fnmrnt to the fin or }_}nt]y proper, inclosing in fh:s way a considerable portion
of host tissue, the fold extending into the mantle spaco consisting of opnh‘ mis,
dermis, and conneotive tissue; and it Is from this inclosed fissue that the newly
vidached Inpva gols its (st nourishinent, This tissue hreaks down into its constitu-
ent elements by a eombined process of disintegration and possible digestion, the
butter by virlue of the sapposed digestive action of the seeretions of the mantle
cella. These mantle cells as seen in pmp‘tmtlonq closely envelop the host tissue and
would thus bo enabled to pour the digestive juices directly upon the epidermis
colls.  Examinations of early stages of encystment of Anodonta corpulenta have
shown that the so-cailed zymutmn granules are lost s mr(iy after encystment be-
gins, which indicates that the secrotory action would begin as soon as atlachment
is made and last but a short time.

Coineident with attachment, the process of cell disintergriion of inclosed
fish tissue takes place very rapidly. Apparently the secrctions of the mantle colls
are sullicient to start the }m- tkeing down of the intercelinlar clements, with the
results that the :i.nu.m,:}f_z envily soon contains a quantity of broken-down eclls,
epidermis, connective tissue, red blood cells, lencoeytes, and celluloe detrifus,
Jven though there at times is a noticeable hy perplasia of the Gssue at the buse of
the eyst during early formation, red hlood eells being especially noticeable, 1 is
douhtful if there is over an apprecinble migration of leneoeytes bhetween the valves
and, whenever it does oecur, it probably represents a pathologieal condition detvi-
mental to the mussel.  Faussek records a phagoeytic reaction of the lencoeytes
againat encysted mussels that is o speeific cause for death, and the author has
evidence of 0 sboilur mortality of Lampsilis Duleola oce :Lsu)nod i the same way.
However, the author is of the opinion that t,].w lnrvui mussel 18 normally vesistant
to leucocytes, and, when phagoceytosis occurs, it ropresents o condition of swscep-

inhty of the mussel oceastoned in some uno\chmmhln manner, possibly sssociated
with mantle cell reactions, or perhaps in a larger sense with possible immunity
reactions between host fish and its mussel parasite.

INGESTION OF FOOGD.

The mantle cells in the moeantime have lost their original charncter and ap-
pearance. 'Lhe so-ealled Zymogen & wnules, which were such conspicuous elements
the glochidial manile cells in stained preparations, are no longer in evidence,
and there is a probable transformalion from a scerelory to an ingestive function,
the mantle colls hecoming looser in texture, somewhat vacuolated, and character-
izod by a tendeney toward pseudopodial lm mstion by which the ’a.noken—da:n‘;rn cell
mabler ia ingosted and teken to the im arior (fig. 3), so that nutrition becomos an
mtenceiluiar process. Stained matberial ihi% stage shows the mantle cells contain-
ing an abundance of disintegrated cells, LL(‘ nueclet of which are remdily distingoished

fmm those of the mantle ceﬂa, since the nuclel of the latter, along with Lhe L ALES 1
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fion to n nubritional character, have beeome greatly entarged, the micronuclel also
hecoming larve and distinet, Faussek speaks of these ingested cell elements while
heing consumed lying in gpeeial vacuoles, which at times tike up the greater pard
of the eells, thess vaeoles being similar Lo the food vacuoles of Protozoa. AT gl
such a condition undoubtedly oceurs, it is probably not as consplenous as Iansseld’s
words might infer, and the weiter Jms not been able to determine this condition
as atoall prominent. Vacnoles have heen seen inclosing ool matter, hut in other
cases they wero observed having no connection with ingested maderial, and
they may represent meroly a vacuolnied condition not necessarily of & digestive
nadure.

1t was Tound with Anoedonte corpulenta that the disintegration of the inclosed
Liseue progressed slowly for at lenst two dnys ol a temperatare of 18° C. before the

3
1+

eptthelial cells of the host fissue were completely
utilized, and it required ot leanst another day
before the ingested cell matler in the mantle
cotle dimppenced, Duoring il this period the
nuntin colls beeamo farrer and the vaenobated
condition more prononnced, so that it is havd to
escape the conclusion that there is an actual
inerewse in size s oo result of (he ingestion of
the pob inconsiderable amount of food, and this
is supporied by the fact that during this short
period of fthree days the development of the
Jarva progressed very slowly, the Iateral pits
heeame more pronounced, and the endoderm
sae conspicuous; yeb there was no growth of the
remaining ovgans cominensurate with the large
amotint of Tood ingested.

In the glochidinm the cell Boundaries of the
larval mantle are indistinet, and as parasitism
progresses a Tusion of the cells takes place, so Y. 3.—Boetlon throngh oneysted doclidivm

r . . of A, corpofeniny, oma day afler aliaclnnent,
that the manile ab the end of the firsd Hreo  wowing fedon of nuutle colls, with psoude-
days appears only as an enlurged, clonr, vacuo- padisl processes notiemble, Tngested dood

- . ~ matorind vistble, 2., nueleus of lnrval mantie;
Inted mass, with the vuter pige OF Surlnee VOIY  in ., newdol of ingssted coliuisr detritus,
irzegular, characterized by the large nuclel with
conspicuous nucleoli, se differens from the nuclear structares of the remainder of
the organs of the developing Inrva.

Up to this time the mumsel has passed through what might be termed the first
cnent stage.  With the examples of corpulenin that have been studied this
covered the fiest three days of parasitism.  During this period the mantle under-
wend o remarkable histological metamorphosis, and nutrition by reason of these
mantie colls occurred in an nteaccilular manner.  This method of Intraceliniar
pourishment, as Haussek poinls out, is present with the embryoes of mammals,
The cells of the chorion villi and the chorion epithelium, especially, possess this
phagoeytic ability. With the ruminants they take in the elements of the uterine

4
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with the eorndverss the constituients of the blood, aud in
o ow like porsitienl relation to the moether that

; L
i Bhas Looits Bish host.

H .
winelidiu

Poring ihis first eneystinent stage, as observed with Avedonia cor pui’mm, therp

iy
Ba sl

has not heon g vmy eXLONSIve dc inpmm of “the definitive ergnris. The
pits have inercased in size and are beginning to show the vidges that give rise fo
t

s

o dirst pair of gill huds, The endoderm sae has developed lateral ov aginations
which vepresent the liver sacks. The foot fold has i)oon givenr prominence, and
the mantle cells, although still having an mtracellular nutritional function, have
fused Into w =olid Inyer with no discernible eell boundaries. The larval adductor
muscle has remained anchanged,

FORMATION OF <“MUSHROOM BODY.™

Following this there is the condition which Herbers calls “the s stage with the
ring of mandlo cells,” which is coneedod to be brovwght about l)y a mechanioa proeess,
The gill uds, which develop at this thine from the lateral pits, cause the mantle colia
to recedo {mm the region (J{ the body proper, so that thoy are confined more to
thio edges of tho valves, which gives rise to Herbors designation,  With the besine
ning of this sbage, the :oi(‘ of the Luval muntle as a notritional organ is sup proacdly
unded, the inteacellalar method of nuteition which it has been exhibitn i e
appearing as a result. Duo to the formation of @il buds, the mantle colls e
pushed wway from the neivhborhood of the foot fold, and eoincident with i I
the appeaianee from the odees of the valves of the colls of the deliniiive it e,
which uttimately supplants te hoval mantle, The eells of the definitive o
are shart, eylindriead, snd with smadler, more deeply stained nueled than the farval
mantle cells, and the conspicvous nucleohi are absent, 7T hey are thus eeadily
distinguished from the Luval mantle, for whose destraetion they are held so Largely
responsible. Tlerbers also records for Anndonta ccllensis the formation of definiiive
mantle colls from the bady proper, so that the larval mantie folds of the two valves
beeome separated and aro econdined to the central portion of each valve {fims 4
and 0}, where thoy pr'n,uvt into the mfm tle cavity and give rise to what b Braun,
who first deseribed 8, called the © Pilxformiger Kor per” or “mushroom body,”
naming 1t for s peo r# fae m]khloom resembiance.

Au'or hug to B =-u¢m<‘f\, Braun held this i)ody to be a provisional nutritionsl
organ of bhe lerva, giving it the function of dissolving and absorbing the Lime
sulls of the }cmy ghin fo d of the fin of the fish, b(.hmidL ab a later duto sored
with Braun, saying, guoting from Favssek, “die von Parasiten erfasston Toile des
Flosse *M dots stets ganzlich zerfallen und dass fm Prot toplasma der Zellon des

)
A

“Pilzformizen Horpers” verschisdener HECHSE hm'p“ichon die vollstandig  des
7(W*F~li-‘.w<:<inki‘m rrihi“lw‘ 'mt,m\ eishar sind” Fanssek, as o result of his own
waorls, conchuded that both Braun and Schmidd had m}y partially solved the ques-

tion and considered the mushroom body to be moerely the atrophied 1111.: s of

the larvel mantle, and s the real nutritional orgar i( held the layer of definitive

mantle cells arvising principally at the edues of Li‘“ valves, giving these cells the
1

ability to ebsorb and transmit noetriment from the Iyroph fluids of the eyst cavity.
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Tierbers necords with Faussek in considering the mushroom body to be a
funetioniess (‘E‘s‘i"“ , represonting merely the remains of the Tarval mantle,  Iio
differs somowhat, however, i nof attribubing o funetionless condition unfil &
later poriod iEm i ?i‘:u’;’é&iok’, whe aoigiders that the nutritional funetion s lost with
the formabion of the musghroom hody.  Ilerhers’s view apparently scems the moro
rational,  Undoubtedly the mushroom body plays a part in the destruetion and
ahsorption of theh weval ful(hlz or musclo, form preparations of Anodonta corpulenta it
swas nob unconmon to ind abundant remains of the disintegrated adductor fibers
within tho mushroom body, apparently being transformed into food. Without
Lhe nbermadintion of somoe such organ it
would b diflieult to wnderstand how so
E“Z]"'fi‘ a wroup of tissue cells as make up

b barval adductor ('mﬂd Hsinbegrate
\h.‘i aah sausing some fabal eytolytic re-
sponse with the developing Jarva.

It is only on the complete destrue-
Lot of the hvel adduetor, which oseurs
about the middle of the ]xm‘n.siiis: period
sl whern e advanced development of
Lhedefinitivemantie has taken phuee, come-
pletely enetreling the transformod i._\. val
aisnile, that the pronounced “mwuslroom
stago’” of the latler s resched.  From
each side the degenerated larval mantle,
very mueh vaeuolated and containing
onty asmall amount ol coll detritus, which
‘;}rc)b:.nlv ropresonts the remains of the
farval adductor, fows inte and practieally
ils the mantle space, tonching from
encly side and enveloping the foot, One

R . - . i, de--Mushroom sbape of eneyaied A, corpulraly, showing
might conelude that ab whout Uhis £ime  progess of definilive mantie ealis (4 o, e.) from edpa of

the fune Eion: al eharacter of the Taryval vty (helow) and alse fom reglon of @il buds (above).

n. b s} 31 Bodys g i gill bud,
. H\J;lﬁ to ondmf, \H‘nd i . ht‘ﬂf oforh i}'w . b, mushraomn body; g, by, gill bad

mushroom bodyis in reaiity pms\ly an atrophicd organ, serving no woll-defined pur-

pose, with the putritional funetion heing taken over by the definitive mantle.  While
during its early development the eells of the definitive mantle are formed in a single
layer, yet during the close of the parasitic period there s bunching of these cells

ab the edge of the velves and the formation of a noticeable mantie sinus, which
would offer o 'a,::d} explanation for transmission of nutriment from the ma antlo
to the remainder of the definitive organs.

Famsolk, while aftempting to explain the nutrition during the latter stages
of parasitiam, Se(}m{,d inclined to the view that the enterie eanal came forward
as & nubritional organ, but was never able to convince himself of the validity of this
interpretation.

56197 O3
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Possthly sonne deduciions michi be dravwn Trom the experiients of Tl
(E016) on the ability of fresh-water mussels to abrorh nutriment from soletion,
Working onoadalts he cume tooa number of conclusions that are of interest in cons
nection with the nuivitional phases of the larva, since the correlations of tissues
andd functions must be very similar. With {atg as emulsions, dissolved protoeing,
and stareh in solution he eamo to thoe conclusion that the n.du.lt mussels are able to
take up food directly from solution; that the outer epithelinl cells of the body
possess this ability to some oxtent, and in this connection he makes the following
observation:

A thess animals are provided with a well-developed digestive apparatus, we may suppase 1hub
the abeorhing power of Lhese epithelinl colls {8 a propoerty that hag been retained from a moro primitive
glale in which the coll was less highly specialized, and thab this property s ot o specind adaptasion
eorrolated with the ek of o lunetional digestive syslem, .

Nutriment from solution could also be taken up by the alimentary canal,
which, of course, is highly specialized for this purpese.  Althongh unecer Lain s Lo
ihe nature of the absorption of tho foods by the epithelial cells he concluded that
tiiia may have been effected by plingoeytic or amoeboid action of the cells or by
solution in the plasma meimbrane and repr ecipitation within the coells,  Granules
of albwmnen wero earried cutire to the inferior of the cells, supposedly by phagnmoc-
boid or phagoeytie aefion.  Possibly in relerring to the “primitive’” ovigin of the
nabritional expacity of the epithelial cells, Churchill may have had reference to the
encysted larve, and even though this ks not the case, it is inleresting Lo note how

pplieable his words are in connection with the mim{mn of the (Ivvoin hing larva,
Whvw all the {\pllhohmn i bathed in body flaids of the host and where an abgorbing
power by the cells is evident.  This would seem to bear out the belief that during
the latter stage of vah:pmont of the larva the definitive mantle is o nutnlum‘ml
organ and also scems to give some reason for considering that the developed ali-
mentary eanal alse may funetion in this manner to a limited extent.

COMPLETION OF DEFINITIVE MANTLE.

During the latter thivd of the parasitic period the mushroom body is pushed
more Lo the center of the valve, due, apparently, to the development of the (}t’[j nitive
mantle, so that the base of ths body becomes smaller, with the overflowing appenr-
ance more pronounced. Itowever, a gradual reduction in size of the mushroom
body takes place, sinee s substance is absorbed and utilized as fmm, and {inally
townrd the ozui of the parasitic pmmriz todisappears altogether, with ihe definitive
mantle bocoming (_:ompiu o at the same Lime. T Elih mmarks the end of the regeneration
process of gissao formation of the developing larva, in whick the larval adduector
and Lhe laeval mantle wers so largely concerned. Prom now on developiient
procosds in a normal manner, Both anterior and posterior adductor muscles
apnear, the wlimentary canal becomes a eomplet ']y comm(m{ organ with large
Hver sacks, the lateral pairs of gill buds become congpiouous, with complete clliation,
the foos ‘;}i‘c}jo{:t-ﬂ widely into the mantle cavity, a iympimm{, system s developod,
leucoeytes muke their appoarance, with the hears and kidneys becoming noticeable,
and the ganglia take on an extensive development, so that by the time the }oun
mussel is liberated 16 has become n miniature of the adult, with practicaily ull the
pdult organs i evidence.
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Vith the hurvie of the Anodonias, as brought out by the forepoing discussion,
develapment during parasitism is characterized by the following features, to which
H.if(”llzh‘ i direeted,

Theve ovenrs; first, a-complete destruction of host tissue inclosed within the
valvos, with the Hil(‘i.ﬁ,i(nl of an intracellular nudrition by moeans of the pseudopodial
ahility of the transformed mantle, which very early tends to lose its cell distinetions
and fuse fogether, Following this there oecurs the appearance of the definitive
mantle LI}mw;gh whaose development the mushroom stage of the larval mantle
arises, whieh is considered to be a relat n(h functionless organ, with endosmotic
nuirition apparently centered on the cells of the definitive mmile\ and, finaily,
thers s the coniplete absorption of the nwzaimmm Body, coineident with the con-
pletion of the definitive mantle, which marks the end of the parasivie period.

Of all the many vnionids the development of the hooked larva of Anodonta
alone has been studied closely, yet when one considers the great number of fornus of
naidls, the diversity in their clruetare, snd the lack of complete wnilormity in
manner of metamornbosis from the glochidium to the ]'mfonil.n stage-—some species
developing wilhout parasitisme—it s perbaps nob surprising to find a digression
from the Anodanta type in the fevval development of Lampsilis liieala,

METAMORPHOSIS OF LAMPSILIS LUTECLA,

in the course of experimental field propagation of this musse! during the sume
mer of 1921 atb Lake Pepin, Minn,, larval mussels were eolleetod from experinental
per: bottoms shortly affer they were shed from their host fish.  The oxamination
of the material thus eollected hrought 1o light the unexpected presence of primitive
mantle cella.  In addition these eells exhibited differences in stracturs and funetion
from the mantle cell conditions of Anodonta.  This, prompting a study of the earlier
parasitie development, led to the discovery of the retention of the individual Iarval
mmntle colls without fusion until the end of parasitism, they having apparently
a nubritionnl fanction throughout. This has heen determined $o bo o normal
condition by =eries of sections ol different stapes of development,  Tho author hasg
seebionsd ahout 1) encysted ndividuals? of parasitic lnrvee and about 50 of {reo
furvio afler the completion of metamorphosis, so that the different stages of develop-
mend have been defernined with certainty,

The enly similar studies having been o several 1 Lurepean a nd o single American
species of Anodonta, 1t was considered desirable to obtain further (hzta o ancther
Anmeriean Anodonta, both for comparison with former observations and for the
pirpose of thoroughly familiarizing the suthor with the material published. With
s inoaind pu parntions of the tarvie of Anodonte corpulenta on Lepomis hamilis
wore iude and studied,

The sections of glochidin of Lampsifie buieola were used as type forms in the
thasteations m view of the gross sinulaity in cell strocture of hoth the hookad and
Anehidin, The only (f'i eratcas that do oceur are concerned with the ErOs-

nen of the fapval thread in the former and a lacl of similarity in sensory ecll con-
d.zb.mrzs; otherwise the embryonie sbructures are of the same order, although the

.}y .(}l\i Tk

2 Irart of (his meaterisl was oliained from I, W, Clark,
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degree of development is usually less with the hookless glochidium.  The endoderm
has the some prominence, as have the lateral pits of the mesoderm.  The Inpval
nnntle eetls have the sume relation to the anderlying esues, with wobrenlcin con-
ity in the region just posterior to the adductor, leaving this area uncovered.
Ono wouki expeot, then, to find a simitar development with sueh relatively close
histologricnl uniformity,

FIRSYT ENCYSTMENT STAGE OF LAMPSILIS LUTECLA.

On implantation one observes the samne coordination of Tunctions as have been
discussed with the hooked type. Tor a short time alter attachment, for a period
of a couple of hours at least, the supposed seeretory funstion pm%mmn vbes and
sections, as Figure 5, show the mantle colls still retaining their original appearsnce.
They aro remarkable f()r their compae bress; thoy
have a very firm, alinost s hard toxture in view
of the execessive relractive granulntion; the nueel
are small, the nucleoli are nob prominent, and
the individoal mantle eclls are flat, rather than
cylindrical,  Cell boundaries, as with the Ano-
dontas, are very indistinet, so that the muanile
appears 0 be a homogenous nuelented structure.
Disintegration of the nelosed Ussue is observable
ab thiz time, so that the mantic spaee conbaing a
quantity of ecllular débris, although there is no
evidence of mantle eoll transformation st this
time.  With the close of the supposed socretory
funetion of the Ancdonta glochidium there is in-
itinted the series of degenerative changes that
i, 5Tuegited gochiatum of L, tweola 18 resull in the formation of the “mushroon body

2:;{”1 ;f:;;‘f;r‘]i;:T']:‘)';::tj :;‘l”:\”ifA::’::;m“i‘l,ﬁ'r With the foss of granulntion the cells of the man-
The psowdopodial ature ns not besome evi-  tle of Lampsilis Duteola, instead of fustog, mercly
dent- lose their granulution, and the eccll hmm(izwm:
instead of becoming obseured, become more distinet. The free inner surlfaces
project into the mantle cavity as individual cell areas; there is the appearance of
the pseudopodial character and the intracellular ingestion of the disintegrated
host eells. Decause of the retention of individualism the manile cells projeet more
into the mantle cavity und envelop the fold of fsh tissue more closely than does
the fused mantle of the Anedontas, which talkes on somewhat of o blanket structure,
with short psendopodial processes, so that there ean be no Individusl extension
[ whole cells uy with /'f.ih’r)/u

ingestion of cell material is initiated the Lurge mantle colls undergo s marked
terease in size, sl there Is undoubtedly o storing up of food mattor through the
conversion of tho ingested food eclle. In the Anodontas the mantle a.niy tikes

en o vacuolate structure, which becomes provounced as degencration progresses,
and thore is the rapid transformation in the character of the nuclei, which become
distended, with the nucleoli conspleuous. Relative to intracellulur nutrition of
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senobaded nature thintoin the Anodon-
isosbrnelure. lhl- [irst, inereasas in

froim & :&-;i‘.('l'(‘,i{)I’y aclt Lo a nonsee a’-tfu;'y
: , it

B piol H;v ‘m,m} ehungzo i the appearance of tho mul i, which refuin their dark
compucines nto an advaneed stege, so that they are not as readily distinguished
(roms inzested coll nuclei as is true with the Anodontas. Thoe nucleoli are only
rarely prominent af this time,

Thess tndividust mantle eells, although separated at their free onds, are closely
attachiod slong their bases and undoubtedly Twwve the same Tunction as has the
Inrval mantle of Anodonta, although with the latter the transmission of food is
appacently of w stimpler nufure in view of its homogeneity, With the individual
collsal Tuteola there must ocear o transfusion from
ecll to cell, se that the matier of functioning
presonts this shght difference.

At the ond of the third day we have with
Lideafee o wiage representod by Weors 6, in which
alt eotlubur detritns has been utilized, the indi-
vidind mantle eells slanding oul elear and dis
tinel, whicl is a conbrast ab this stage with the

el

rinted appearance of the Ancdonias, in
which the houndaries of the manile are so poorly

indicaied,

Thers Is s similarity ot this tbme in hoth
corpulenta and buleola in connection with the
d.(\\"é‘frbf)ﬂ](\!lt of the Iateral pits, whieh forpm  Few 6o Eneysted gorhidium of L. Iufeoln fhren
. . . - . . days afler eneystmont, The opithelium of
imward invelutions, fuler giving rise to the @l tolg of host s s Do eomplatdy
bhids nnd h:l,\'iilt‘f the afleet of [}HR]I‘E?}“‘ the mantio disintepraled, loaving enly the eonneetive tis-

' " . . & sugr (o0 £ In which are visiblo tho red Biood
cells from the region of ihe hedy proper. As o s (hoed AL Lho Ingestod Tood of the man-
result. of confining the mantle cells to n gmallep o cobis bas heen wtilized, no nuclet or eell

1 = . - debritus remaining,
arca they hecome more elongate, which eondition
I3 rvi,:u'nmi from this thne to ti}(, end of parasitism. At no time during subsequent
stages 1s there any sign of degencration.

ABSENCE OF “3USIROOGM BoDY.”

In the Anodentas the evidence of degenceation supposedly les In the trans-
formation of the mantie into the mushroom body, which marks the end of the
trbreetlolar nut "fiomi i'm:f:i‘_iun_ of the Lirval meantle, alter which nutrition is
Giken cuee of by the definitive mantle. Thus, in the absence of any mantle trans-

formution in Lampedlis a’ufmfu, there is this important Mf‘" wrenee, that the larval
iy Diictions as aonateitionasl organ q} wiing i whole existence, showing o more
wefupiive relationship than c.{m\.s, that of the hooked glochidial type.

FORMATION OF DEFINITTIVE MANTLIL

.

Horbers has emphasized the faet that the Anodontus wre characterized by the
formaiion of the definitive mantle from two dircetions, first from the edges of the

Fhyap nm asny of o niore watery consixone here
S = o
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nd seeondly o the hody x\m},m

frcvive mntlo “J{i.v‘!)"u i

i i : b
about the solation of the lurval ;mmile to L}m m O concentrio areas ab the conder
of cuch vulve,

Witly Zampsilis luivole, even with wdvanced ensis ;e anthor fing never bien
able to find any trace of ih{s appearance of the del smm’o maniic eells from other
than the edges of the valves, with the yesult
that the larval mantle colls as development
progresses recede ondy from the edges of the
valves, never from the hody proper, to which
they usually extend.

It was often observed with futeola that
thero was o marked tendency for the Tarval
mantle cells during the late stages of dovel-
opment to migrate toward the lower portions
of the valves, such s is seen in Figure 7,
which shows the bare m‘ous on the valves
just below the bases of the gill buds. This
scemingly contradicts t]m reason ususlly wd-
vanced with Anodonta for the destruction
of the Jarval mantle, which is said to be

brought about in a mechanical way through
i Te-vnerated Lo fwteola shorily bafore ond of para- ) _— T '
ltinn, showing plaeatdke retionshlp oxistine o W16 advancement of H}u delinitive  mane-
e bnrvid mnn o eells aned nvalation of Tost s, H{‘, CHHS f'Z'()I}I 2'1]1 tlll‘(\(‘!l{)l]:%. (.fnu:‘-:ﬂ, lgac\n)
‘:”m:‘;"t:“b’:{‘I‘i‘;"u‘;‘i)fk’f'l‘;‘;\“i *“:‘]‘““‘:j1‘(‘\"’“‘”‘;’4; may have been misLnEcmF or - elfect, and
d. i e, definitico manlo ceils. Tho e of rea the advance of tho definitive mantle muy
Binod eolls ave pletared in the Involution of lust tissne. 3“01,01), be the vesult of o eontraction
of the Inrval mantle, so that the formation of the mushroom body is n natural
process.

MIDDLE PARASITIC STAGE.

In the Anodontas this period is occupied with the destruction and absor plion
{ the larval adductor mus{‘]e, in which the larval mantie Is concerned, and with-
ou{, the aid of which this change could possibly not be accomplished.  The studies
of Luteole were made from collected material of various stages, but none were at
hand showing the atrophy of the larval adductor, so, unlurtun.mlv, the part played
by the larval mantle cells in this process was nc)t obsoned It is hoped, howoever,
fo cover this stage with further work when the several developmental stages of
Luteolu will be taken up more in detail. It is presumed, however, that the dis-
integration and fusion of the musele filuments oceur as with Anodonta corpulenta,
with ingestion by the individaal cells of the larval mantle.

FINAL PERIOD OF PARASITISM.

During the lust stage of development the foot of the larval mussel is Larzoly

developed and almest fills the manile cavity,  The definitive mantle has undergone
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considerable developmont and i readily vecognizable, standing out very sharply
from the rest of the tssue beeause of the uniformity of its short eylindrical cells.
These definitive manble cells take the form of & pyramid stroctore, giving rise to
the internal mantle sinus, which is an important part of the lymphatie system.

To s diftienlt Lo know whab interpretation to place on obvious nutritionnd
orans. With the Anedontas it s assumed that the nutritional funetion i3 carried
by the dofinitive mantle, since the Turval mantlo is being absorbed at this time.
With frteofe, of whieh the larval mantle cells retain o uniform condition arul appenr-
ance throurhout whe entive period of parasitism, 1l seems only fair Lo assume that
s they have a notritional function during the beginning of the parasitic period
they hnve the sane role at the close of purasitism, thoir appenrance remaining the

o, - View stoilar to Tige 2, but morn endaced, Ti. - Enlareed view of mushivoom body of 4. corpulenia,
. 8., anthe siots, Olhor symbols saue s in Fhos with the vaenniabo olareler in ovidence. The high eyline
B oant 7. CPha rad blosd ectls i host thama lewrty drival eells of Lhe delinitive mantie aro well shown,

b,

e, With this €he easo, wo leve nutrition heing taken care of by botl the Jarval
aridd (he definitive mantle cells, and this at the present time seems to bo the only
interpretation that ean bo given.

One noliceablo elarnctoristic of the farval manties of both Anodenta corpulenta
and Lampsilis Duteole is their almost negaltive staining repction to ecsine.  KEven
heavy exposares to this stain during the end of the parasitie period fail to take,
aned tho mushroom body of corpulenta and the individual mantle cells of luteola
are ahways remarvkable for their transparency i stained preparations.  Churehill
(1o10) ailudes in his work to the lack of staining eapacity of fusting or starved cells,
using Ghis as o basis for determining the presence of -epithelial Tood absorption.
e found that starved cells took a very much lighter eosine stain than normal

v
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‘\f‘u b Anodonta, regeneration of themantle is co mplmo by the end of pars, u{iqn! )
e the mashroon hody divappenring and the dafnitive Tt tle atfaining jis con aplteto
development, so that when liberation occurs the tissue transformation has been
compioto,
The development of the definitive mantle progresses more slowly in luteola,
the Inrval mantle cells being in evidence ab the time the mussel 13 shed by the fish.
The final completion of Lhe definitive mantle takes place vary « nekly, howaver,

Fiet 12—"Trassverse horizintst 2o

Fick, 10— Dovelennd fren Lieval mus. e, H-Developed fron Inrval Tnissol tion Lo niant ) el of devel
sel of L. Tuwteola, ot with Irvnl of LoInfiool, with laresd mantle eolls oped froe barval mussels of /). fus
manllo colls 8011 present, Sym- replacad by deffnitivo mantie. d. m. frofe, showing nalire of shidding
holssume ag Fie, 7. o definitive mantle colls; m. ., of larval snantdy orlis, o, . £uy

nnitle sinus, delubtive mantiocefls; 1w, o, lar-
B val mandlo eolls; ree,, vaenanles,

and many specinens (‘”)Ht-(‘!v'i bwa days after shedding showed the definitive mantle
i asr almost complete condition (he 11). \%:my of these individuals still posscssed
the larval m m!l{‘, wells, w 1;{"1 were nteresting in that they were not extendod, ag
during encysbiment (iig. 83, but wore contracted, with the pseudopodial processes
very ovident,  Whether or not there could have heen any ingestion of food by these
mantle colls by virtue of their preadopodia is a mabter of ‘guestion.  Granules woro
seen i many of these cells, bub their nature could not be o stermined.,

o oview of the rapidity with which the comnp in{mn {){ the definitive mantle
tukes plce, it s only Lo be expected that whenever retention on the fish iy prolonged
the final transformation of the mantle tales place during parasitism instead of
following 1.

No indication has ween seot so f"E‘ of alrophy of these larval manile cells us the
5wl ‘,by their final disposnd takes p}qw. With free mussels the t
of these cells is shown in Figure 12, Tlevs there is a very obvious disintegration,

s
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he cells beconsing vacuolated and large spaces appearing underneath Lhem, so
thal they apparently were thrown ofl in a mass.  During encystiment this might

Yoapy . 14 A g
probably be replaced by resorption by the rem amnder of the Iarval tissues.

OCCURRENCE OF A PLACENTAL-LIKE RELATIONSHIP BETWEEN LAMPSILIS
LUTEOLA AND HOST.

In Floares 7 and § there Is pictured a very pecullar condition observed with
eneystinents of Lampuilis Luleola ab nearly the close of the parasitic period. This
iustrates very well the presence of o fold of host tissue within the relves, with the
Lerval minnble colls grouped together near the tips of tho valves, greatly extemded
and i contact with the host tissue.  The involution also shows very well the red
Blood cells within its interior.  With this doubtful arrangement there is a possible
direet passage of the Iymph from the involution Lo the rantle cells, which would
catalilish a placental conneetion hetween mussel and host. To what extent the
sotention of tho fish fold ocewrs has nob been determined b the present dime. I
o Lot of eneysted mussels involutions were determimed o 47 eases ot of a pousible
51,4 heing et with in which s ocenrrencs was donbiful.

This condition has no precedent in previows conceptions, sinee b has hean
conended that wh inclosed tissue Iyving within the valves undergoes a complete
distutegeation. A placental-like relutionshup s made possible, however, i this
cnse, by the natuve of the larval mantle colls, which exbibit a pseudopodial capaeity
ab Uiis nde stage. Reverting back to o comparison between the hooked and hookless
slochidin it is seen thab the structural diffevences modily the character of the
attachiment of the host, so that fin infeetions vary to some extent {rom gill infections.
With the former the large hooks bring about an extensive laceration of the entire
Gissie within the glochidial valves, and the “bite” is usually hard enough to ahmost
wever Uhe dnvolution from the rest of the tissue.  Very little connective tissue as &
ke s inelsed on account of the extreme thickness of the epidermis, and after the
fiesh two days of cocystment all that remnin are o fow strands of eonnestive tissun or
earlilaginous or bony material.

The hookless form of glochidinm as represented by Lampsilis buieola makes
clean perforation; there is no tearing of the tissue or any lacerulion, as is character-
etic of the hooked form.  As far as the anthor eould determine the initinl bite cuts
down only through the layoer of epidermal cells and does not extend through the
conneetiva-tssae dermis, althongh his is very much constrietod at the junction of
the valves.,  One ean readily determine the refation of this conneetive tissue to the
cemsinder of the gl filunents. This represents a noticeable variation exhibited
by the hookless clochidivm and undoubtedly s the result of more specialization,
dealing, as we are, with o more degenerate form. ,

The disintegration and ingestion of inelosed tissue is concerned largely with
the colls of the epideemis, the connective tissue not having been perforated, giving
gise {0 the tendency that has alveady beon mentioned for this portion of the host
{isuo to persist within the valves. Figure 6 shows this condition very clearly at
(lie end of the third day of parasitism. No cellular stracture can be made out, so
that it consists of connective tissue slone, with the epidermis completely removed.
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bruring the early encystinent stase this condition is constant.  There is w nnilorm
Lxed mfiun of the conneetive. Uhmm Anvolution, and as the.mantle (\l‘nwh\,p\s ibovery.
élcm dy i view of the pseudopodinl nature of these colls this at once esinbisles o
phice nial-like relationship.  There scems to be, however, a cortain shrinking action
on the part of the invelution, and In the Iate stazes of development the foot fills
up the mante cavity so Iargely that the involution is necessarily pushed outward,
g woe have in Fieares 7 and 8.

SPECIALIZATION AS INDICATED BY MANTLE CELL CONDITIONS.

In their relntion to fish hosts it has been recognized that some mussels exhibit
a losser degree of dep m!(iom‘o, which is related to the extent of specialization these
species possess. Wil such species as Strophitus edentulis and Anodonta imbeeillls
this has heen carried to the point where metamorphosis may take place in iho
abzones of pa astlism, These two forms would, therefore, represent the lowest
degros of adaplation to parasitie 1Ho—that is, the least dmmo of degencration
and this i 15 indicated most clearly hy thoe <'h‘un( ter of the mantle ceils, so Hmi, )
study of the mantle eoll transformation of these two species will very hkely roaveal
adupiations associnted with o lack of parasition.  In the Anodontas here oo
forms that are said 1o oceupy the middle ground of Tiniited de spondence upon fishy
they snust lve on fishy but vequire Hitle Trom them (Qoker ol esl 1920y, With tha
muntle cells we nb.w.nn s functional degenceration durving p ‘mmham that appurently
i5 the result of lessened dependenen, the mantle colls censing Lo funetion at an carly
period. This evidently is charnctleristie of fin sttachunents, sinee with these forms
hers s dess diffusion of lymph inte the eystic eavity, nnd consequoenily there is
Iess nead Tor any specislized straetures for nutrvitional purposes,

With the hookless dlochidium, as typified by Lampsilis Diteola, Uhe (!l!)S{\H[} rela-
ton exists in ils connection with the fish host.  Being a gill parasite, this attach-
Jnent alfords 16 o more direct conneetion with the lymnh stream, so that Iymph
“diffusion takes place Treely.  Iis very evident dependence on the fish host is rellocied
in the retention of the larval mantle as a nutrit mn.ﬂ organ, which is evidence that
the nuiritive process Is in active operation and is dnmimmt faetor in its forval
development. This represents the more degenerate condition exhibited during
metanorphosis, since the fisst evidence of specialization leading to greater depend-
ence takes place with the larvael mantle cells.  The vulue of mantle coll studies is
thus emphasized as o necessary preliminary to any study of larval relationships.
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