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AUTHOR'S ARSTHACT
Part of the muteiment of metwmorphosing  gloehidia is supplied by the eeltular host

fisste, bitten By the Inrvas during avtachment. Homo of this is taken up piccomend by the -

mantle eelln aml Jdigested inteaecilubnrty. Fhe eonrso wreantdes that frst pack thp st
eeili are appreently the precirsors of g digesdive secrelion, some af whiel tpes inte the
mundie envity,  Aleve 55 alwe enuses e proctapt dissuletion of additionnt utilisnhie Bosi Eissu,

Anuthier soterer of wideiment is frenished byothe provisionn] tervsl sddactor s
which uaderpoos deronerative chimres i wsitu, then fragiients, and finnlly 48 carrvied Ly
Bk By bbby amochoid eells,  These fuva over their mosele contont to tho Jnrvad i nibe,
whern the prrbiches are Turther redieed beyond vecognition, The mantle remnant HECH S
Uy saerificed nnd dowhilioss hoconis an nddifionnd sowree of nutrinent,

The et servos as nn orignn af nubrition throughout the lasg twa-thivdy of the pavasite
peeied. T6 appears (o wdmib gnd digest pieecs of the adduetor musele snd cortain unidenii-
ol partientate matber., In addition, the gut, ke the definitive mantlo and other argans,
dmibrtlosn absorbs Hssie transudabo from thie host,

Special vaseularization of the host tisste to fncilitate the passage of nutriment from
hosd to yparasite does pot oceur, veb thers is no reason to doubt that an appreciable part of
v farval nutrition resalts from transuding tissne juices.
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INTRODUCTORY

[Lis well kmown that the larvae of fresh-water mussels
cunnol metamorphose withont passing a semiparasitic period,

Hlantribution no. 166, Published by permission of the United States Com-
stastiner of Flalerivs,  Ackaowledgment s due the staff of the Fairport Bio-
irlenl Station for arny helpful courtesics extended during the prosecution of
e wguivy, A proefiminary report appears in the proeeedings of the Amoriean
meclety of Zodlogists {(Avey, 23 a),
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buried in the stuperficial tissues of appropriate fish Losts.*
This relationship hetween host and parasite Is quite specific
and each mussel fias a partieular host (or hosts) on which iix
development is restricted,

When the glochidium attachoes to a gill or fin it is a finy
hivalve about one-fourth of a miliimeter in dismeter; {he
shells are lined by o simple mantle, a provisional addnetor
muscle eloses the valves, and a small, undifferentinfod mass
af eells comprises the building material for the future O i
{fig. 1). At the end of parasitism the juvenile mussel has 1ol
inereased in eross size,* but the infernal t ransformation ix
marked. The Iarval mantle is replaced by a uew one: the
adductor undergoes destruetion and two others arise de nove,
in addition, there are representatives of the foot, aut, liver,
heart, kidney, gills, and gunglia,

It is obvious that considerable nutriment is neeessary fo
condition snel) growth, The purpose of the present paper i
to Inguire what the sources of {ie requisite food may he,
Besides the academic intorest in the food requirement and ifs
supply, there is a practieal bearing. The Burean of Fisheries
is aftempiing the rearving of mussels withont parasiiisy;
mformation of the sort hore altempted forms a selentifie hass
for the infelligent condnet of suel) experimentation.

There are three morphologieal types of gloehidivm, The
most numerous is the ‘hookless’ gronp, shaped like a boot hep!
or the bowl of a spoon; these are eill parasites. Noxt abun
dani are the triangalar ‘hooked’ forms which attach {o fius
as well. Least common is {he ‘axe-head? group, eil parasiies
with a contonr suggesting their appellation. These gronps
demand separate consideration,

The material studied was obtained mostly from artificis],
controlled infections, samples of host tHesne Betng removed as
wanted and fixed tmmediately oither in Zenker's or Jouin's

*Tn Anodenta imbesillis parasitism i facultative.  Tadepondent developinenst
hay also been roported for Strophitus, but attempts to confirm this Bove fuiled

repeatedly,
FExeoptions ovcur in the genuw Proplers,
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fnd, Parafn seetions, eut serially at 6 and stained with
lematoxylin and ecosin, completed the technical procedure.

ORSERVATIONS
A Hookless gloehidia

Lampibis hiteola may e chosen as a represeniative of {he
hoakless olochidin,  1ts history thvoughout {he period of
pvisitism Wil answer in the main for the entire group. The
detniled statements that follow vefer to eneysted series which
sompleted parasitism in thirteen to fourteen days on a nat.
wed s fost, fhe lavge-mouth black bass (Micrapterus sal-
soides) s (his is about the average period during warm
wimtier weather. Uysts to the number of 139 have heen
udied i serial seetion,

Ansecount of nutrition during melamorphosis eenters
el avonud the provisional mantle which appears to oyist
hictly Lor thig purpose. There are two manile layers, an
sider one next the shell, and an mner, {thicker laver bordering
Hemantle cavify {fig. 1, i, ooy, The outer mantle layer
i and inconspicuous {(figs. 8 and 10, o). Tt is com-
posed ol hiehly squamons colls, with flattened nuclei; as
melimovphosis progrosses,  (lieso cells hecome  somewhat
Sker and more prominent. Sinee they have no demon-
strihle conneetion with the problem at hand, they may be thus
cwmariy dismissed. The inner mantle cells are of low
cihaidal shape, 5 to 0 i high (Gee. 1 and 8 @), When the
Aochidiim s attached to a gill filament, the pressure of the
material hitten Hattens (hese cells 1o 3 1o 54, and their nuclel
iecorvespondingly compressed. The nuclei are normally
cenneded and chromatic, with a ntcleolus which does ot
veshow prominently.  Cell boundaries are not casily dis-
tivuishuhle, due {o thi granularv content of {he cytoplasm,
Theso aeidophilie eravnles, which may he observed in {the
s gloehidinm, are sphervical globules hetweon 20and 250
wateler {eompare fig. 3, 2000, On account of their Tnrge
o few saffice to pack the cell; more will he said of them
<wiother paragraph {p. 205}, A delicate surface membrane
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—nlike the striking enticula in the hooked forms—ceaps the
mantle cells and is continuons with the extornal cutieninr cov-
ering of the shell (compare figs. 3 and 4, mee )y thns aosinglo
cutienla bonnds the gloehidinm inside and ont (Arey, Y.

Fate of the host tissne. The amonnt of will tissne biffen at
(he time of attachment is relatively great. Usually {he
clochidium’s interior 18 Alled from mantle to mantle (fig. 1
iy, Inscetions ent vertically throngh both valves, this mass
measares to o maximum of 70 3 120w, 1t bulks abont a quar-
{or of the cubical contents of the entire glochidinm.  The
material hitten consists usually of epithelivm, much cellular
conmeetive tissue, and an inteynal eore of Blood vessels and
(throus conneetive tissue. Those larvae which attaeh to the
gill lamellae fend to he giuffed with the compressed gill
layers,

Tive honrs after a glochidinm attaches there is Hitle or wo
apparent change in the mantle cellg, but the cellular poviph:
oral fissne of the bitfen 'gill flament is varionsly afleeied
Qome speeimens show practically no change; in others this
epithelial and ecellular conneetive tissue loosens, the cells
losing their mutnal conneetions and becoming sepavalos b
Sl others there is evidence both of fissne dirorganization
and disinfegration,

By uine hours the soft constitnents of the hitten gili may
he redueed to a formless mass of débris with a pulpy, necrotic
look. Tn some cases the dissolution is but partial, and maked
nrelel ave scen (compare fig. 2, a). The mantle cells contain
pyknotic nuclei and collular fragments; henee phagoeytosis
has heen operative (compare figs. 2, 3, and 4).  As a resull
of ingestion these cells increase in height, and the tallest veach
15 The sensary cells, having fulfitled theivy function when
atlachment ocenrs (Arey, 21), disappear cariv,

At the end of the first day phagoeytosis is active,  The
granules of the mantle eelle are plentifnl and prominent,

HE

rotain their original size, but stain less brilliantly than a
Spste—a condition detectable as early as nine hours.

thongh somewhat diminished in number. Those renwining
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After two davs the granules ave practically gone {compare
fir. 3, 2.9.) and the nucleoli beeome promincnt, ~THe goneral
eyloplasm is eoarsely granular and contains miscellaneous
inwestod cell fragments and nuclel, At this time, and in some
instances earlier, the ehief eellular tissunes of the bitten gill
have entively disappeared.t This leaves exposed the central
core of fibrous tissue and blood vessels (fig. 31, kt.). In the
nnmerons eases where the gloehidium atfaches fo an edge of
the blade dike @il lament (he eore is ensheathed by a dense
Jnming ol eonneetive fissne (ligs. 10 and 11).

At five days there is evidenee of the retrogression of the
tonteher romnant of the enclosed gill (fgs. 10 and 11), By
the ninth day it is shriveled, and at eleven days it is a mere
filrons strand with a few pyknotie nuclei.  During the last
divs of eneystment the persisting host tisswe becomes still
less conspicuons,

low are these several faets, conecrning which obgervations
have algo been recovded by Faussek (793) and others, to be
interpreted?  The dissolution of the cellular inclusion at five
hours and s disintegration by nine secem to imply an early
enzymice digestion,  The granules of the mantle cells exaetly
resermbio (hose whiek disappear from vertebrale glands dar-
ing extracellular seeretion, Sinee, morcover, the gradual loss
of {hese glochidial grannies coineides precisely with the
period of reduction of the bitten host tissue, it is ouly logieal
to infer that the mantle cells also have an external digestive
sperefion of which the granules are the visible presecrelory
index. Otherwise the bitten tissue should not disintegrate so
promptly, for it is easily demonstrable that exeised gill fila-
mends ot only live for hours in a wateh-glass, but even com-
plete evsts of extra size about attaching glochidia (Arey, "21).
ffence the bitten gill tissues, protected by an enclosing gill
evst, break down entirely too readily for the process to be

i oa oseries of Lampsilis anodontoides, which completed metamorphosis on the
garpike in six days, the bitten gill tissues were not digested until the end of
the thivd duw,
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purely spontancous. Fuvthermore, although phagoeytosis is
undoubtedly active, and celinlar fragments i the eytoplasm
are relatively abundant, yet the visible evidence of sueh
“ingestion is not-suffieient-to permit the helief that all the dis-
appearing gill tissue is taken up piecemeal and disposed of
by intracellular digestion. On the eontrary, it is reasonable
to conclnde that part of the hitten gill tissue wndergoes diges-
tive liquefaction in situ,” wheveupon it is absorbed; in addi-
tion. many nuclei, cellular fragments, and miscellancous déhris
are first ingestod and then digested by the mantle cells.
There is a suggestive corvrelation between the tardy onset
of metamorphosis and the time consumed in receiving and
digesting the bitten host tissue. Structural changes in the
transforming glochidium first hecome noficealle after the
second day of encystment; during this same peviod the manile
is oconpied with redueing the eellular tissne of the host. Does
the siart of meiamorphie development wait upon the conver-
sion of this material and ite reception as available food? Is
the initial stimulus bound up in this phenomenon?  Such
questions can be raised, but not answered except by inference.
Mention has been made vepeatedly of the blood vessels in
the center of the bitten mass. These are invariably found in
well-eneysted specimens whether the attachment is to the il
lamellae (eapillavies) or to the blade-like edges of fhe fila-
ment (larger vessels), 1t might be thought that the hleod
continunes fo civenlate in sueh vessels, and henee  {he
glochidium by diffusion is supplied with a constant searee of
nutriment throughout its parasitic period.® This possibilify
iz partienlarly appealing, inasmuch as the host makes no
attempt whatever to vaseularize the tissues adjoining iis
guests {Arey, "32a)7 Yet such an hypothesis is ¢learly
untenable, for it is not supported by fact. In the first place,

s (ayrohorative are the hare nuelei often encountervd (ecompare fig. 2, a),

¢ Blystad {’23-724) has recently advanced this theory, Ie holds for a pla
cental-like relation between host and parasite.

* A fow mussels, including the axe-head gemus Proptera, not only metamorphose
internally, but increase greatly in general body size while parasitie. T have
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the adductor musele brings the valves so nearly into apposi-
tion that the tissue included is eonsiricted in a highly eom-
prossed fashion {(fig. 11, f). The lumina of the vessels arc
therehy obliterated at this level, and the condition persists
antil the end of metamorphosis (Arey, '24). To state dog-
matically that {there can he no seepage of plasma through this
jsihmus is unwarranted; it coneeivably may oceur. But to
dignily it by the term feivenlation” is to ignore the evidenee of
woll-preserved specimens which have not been subjected fo
distortional violence. In any event, there is not enough pas-
snge of plasma fo keep alive the host tissue bevond. The
progressive involution of the fibrous core (after the digestive
vhase is finished) is eloguent testimony to the limited extent
of sueh possible intravaseular flow (figs. 10 and 11, ki),
Siill, there donbiless is flnid interchange between host and
parasite, although the tissue juices which bathe the glochidinm
are more probably ulilized for this purpoese; (the gill glo-
clidial parasite nsnally lies embedded in eellular connective
tissue, roofed over by epithelinm; Arey, ’32a). Conversely,
Juring the exiensive internal organ building of meta-
morphosis, as well as in the digestion of bitten host tissne and
the sacrificed lavval adductor, {here arise katabolie wastes
which demand removal; these undoubtedly follow the same
diffuse path.

[nvolution of the larval adductor. A new and most remark-
able process beging by the third or fourth day. At this time
the mantle cells have lost their zvmeogon granules and the pre-
viously phagaevtosed bits of gill tissue are digested. Now
the evioplasm again becomes coarsely and ivregularly granu-
lar by the incorporation of many eellular fragments (figs. 8
and 11, m ) It is easy to overlook the discontinuity of
fhese two ingestive and digestive periods, and fall mto the
crror of believing that they constitule one protracted process.
shserved enevated T laevissima which had increased their volume some forty
Vhaes,  This neecssitates a eonsiderable supply of nourighment from the host. Tn
fuet, the fleshy eyst is vascularized to a slight extent, and it may be further abg-

wificant that these forms alone have their valves bowed so they meet only aloag
their ventral edges (Arey, 32 a).
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Wi 1E e souree of these new-inelusions? - In. briefl,.the
larval adductor breaks down (figs. 5, 6, and 7) and 8 t,mna-
ported hit by bit by amoeboid cells (fies, 5 to 8 te) to the
larval mantle (figs. 9 and 10, f.c.) which reeceives the {rag-
ments (figs. 7 and 10, a.f.) dnd reduces them to finer paive
ficles (figa. 8 and 13, ) that ave utitized as food for the
arowing organism. W ith the perspective gained by this gen-
oral statement, the detailed history of the adductor muiEele
anucd inner mantle may now be followed.

On (he third or fourth day there are indieations of the
fudure decline of the larval adductor. Some of its mugele
fihers boein to swell, hbecome somewhat opaque, and stain loss
Brilliantly (fig. 5, ey, At the same time amoehold colls
appenr among these fibers (figs. 5 to 7, t.e). They have
hasophilie evtoplasm and vesteular nuelel; the eytoplasmie
contonr s irreenlar and often drawn ont into processes.
Passing alongside the swollen and fragmented musele {ihers,
ihe wandering eells ingest irregular or rounded pieces of
musele (figa. 6 and 7, m.f.). Often a nest nf such cells is seen
in a restricted area whieh not always is at the periphery of
the muscle as a whele (fig. 7, t.e.). The fragment taken i is
frequently larger than the hansporh\'o coll itgelf (fg. 8, m.f.):

the largest ingested plece observed in my geries measured

12 3% 20 u. On the other hand, a cell mav contain several frag-
ments. I such instances of marked distention it is somelimes
difSeult to identify a continnous eyfoplasmie rim {fig. 8, f.o)
At ofher times, large fragments ave surrounded by ﬂm joind
offort of several fused cells. These t "uwportwe cells then
move ventrad befween the two mantle layers : (Ags, 8, 10, and
11, t.e.) and come to lie just ontside the hase of the inver
mantle and in close apposition with if. Some ave found press-
ing and indenting the mantle cell laver (fig. 9, f.e). The
load is then delivered to the mantle cell, but the earviey Is
not incorporated as well; its nuclens a md eytoplasm  ave dis-
tinetive and do not appear within,  Furthermore, nnladen
colls of the same type arve found near the mantle and these
apparently arc the former transportive elements, now emply.’
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The grosser portions of musele become reduced promptly to
smaller Ditg (figs. 7, 8 and 11, m.f). It is possible that this
may bebegun in part 5y (e amoehoid earriers, hut, ovon 50,
it s cortain that many transportive cells reach the mantle with
large pieces of musele still intact (figs. 8 and 9, m.f.); in
transit, fragments ag large as 12 % 20 4 have been obgerved,
There is some indication of breaking down while the trans.
portive cells Iie just heneath the mantle layer. At any rafe,
the Targest picees of musele seen in a mantle eell measnred
000 (fig. 7, w.f7), whereas a diameter of even 7 ig excep-
tional, The average size is from 2.0 to 3.5 1.

Uantil the end of the eighth day, and in a fow enses into the
ninth day, this carringe continues.  The dissolution and ve.
maval of the addnetor are gradnal. Portions remain unehangod
nafil ithe very end of (e trangportive period, amd, throuehont
e enfire fime, regrossive  and normal-appearing  avens
adjoln {figs. 6 and 7). Not until the eighth or ninth day do
the first traces of the definitive adduetor mnscles appear; 8o
it happens that the gradual, progressive removal of the larval
addnetor serves to provide adduetion until the permanent
muscles differentiate and replace it.

Atfention may now be focused on the larval mantle and its
cantent of musele fragments, The eytoplasm, which loses its
rymogen granules and early reduces the bitten gill to ordinary
coarse granolations, sgain bocomes very coarsely grannlar
heginning with the third or fourth day (figs. 8 and 11, am.fr).
This is due to ingestad muscle, the bits heing of irregular size
{Zto 3.5 1) and roughly resembling the zvmogen globules now
sone. However, they never stain so brilliantly; with cosin
their eolor is a dall brownigh-red and the tinetorial appear-
anee of the mantle is fiat, Incidentally, the coloration of these

"Tn a series of enevstod Tampsitis anodontoides, which i parasitie on the gills

of the gar-pike, and in some miscellineous atages in the metamarphosis of Unio

gibhosus, iadieations of the swelling and fragmentation of the isrval adductor
wore likewise ohsorved, Furthermore, in the Unio preparations th
only evidence of musele removal by amechoid ceolls, hut the reduced fragments
were also demonstrable within the mantle ¢ells, Thus, there is reason to believe
that these processes are common for the entive hookloss group,

1eT¢ Wis not



210 LESLIE B. ANEY

particles and the degenerating adduetor is identical and points
further to their genetic relation.

3v the fourth day the mantle cells are becoming tall and
cobmmnar, with.-reunded free ends and distinet.cell boundaries
(figs, & and 11, 4m.). Measurements show that this clonga-
tion is due to actual inereasce in bulk, and not to lateral erowd-
ine. At five days hoth the rounding of the free ends and the
indenting at the cell junctions are pronounced; the tallest
colls wneasure abont 27 . Uniil the end of parasifism condl
tions remain much the same. The cells atfain a maximum
height of 301 and the nuelens lies below the middle level
(compare figa. 8 10, and 11). Toward the free surface the
evtoplasm is densely packed and grannlar; it stains dully—a
brownish-orange with eosin.  The basal half of the cell is
vacuolate, or clear, and is often crossed with retieniate
strands (fig. 10).  After the eighth day, pieces of muscle as
dislinet entitics arve ususliy no Jonger seen in the evtoplasm,
although exceplions oceur.

As metamorphosis proceeds, the larval mantle® is erowded
toward the ecenter of the valve by the developing permanent
mantle which encroaches from below and on both sides {figs.
10 and 11, dom.); it does not grow ventrad from the region
of the gill buds, as in Anodonta. This reductional process is
evident from the seventh day on. There is no mistaking the
limits of the two mantles, for each is distinetive. The defini-
tive one has shorter, columnar cells with the nuelel at {he
free ends, surrounded hy dark basophilic eytoplasm ; the hasal
two-thirds or more of the cell is clear and pale. In the early
days of their appearance these cells are cuboidal, but the
gaame characteristies dominate: {hroughont the parasitie
period the eclis arve remarkably regular and block-like, and
their boundaries are exceptionally distinet.

Toward the end of parasitism the larval mantle decreases
in height and its cells then range from 9 to 18 y. This diminu-
tion possibly may be due in part fo pressure from the grow-

®This is homelogous with the so-calléd mushroom body, found in the trans
forming hooked glochidiam,
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i foot, hat iu addition there is doubtiess some ndependont
siiortening. They alse lose part of their distal granulation,

snd e edll walls again appear 1688 distinet. Nevertheless,
theve is no general eell fusion before the metamorphosing
mnssel becomes free. Concerning the nltimate disapparanece
of the larval mantle T can make no statement exeept that it
18 vetained for a period by the frec-living juvenile.’™ This is
an unexpected discovery, for in the hooked forms, to which
altention hag hitherto been confined, it is known to vanish
foward the end of parasitism.

As the oot gains prominence, heginning with the seventh
or eighth day, it comes in apposition with the Iavval manile,
and, with confinued growlh, presses against it Tor the Iast
thivd of the parasitie period the two are largely in contaet.
Homight be suspected that the distally stored nutriment of the
mantie s transferred in a soluble condition to the foot and
thenee becomes distributed {o the growing organism. Although
the foot is held to be absorptive in adults (Churehill, '16),
this particular transfer in the larva cannot be detected
microscopically by ordinary methods.

It is perhaps worth while to point out that the Iarval mantle,
although eectodermal in origin, ig involved in varions nutri-
five funetions which usnally characterize the entodermal ouf
of animals.  The somewhat similar adaptation of the ecto-
dermal mammalian placenta is brought to mind,

Nutvilive activitics of the gut. The enteric canal becomes
extablished as a tube at about the end of the first third of
parasitism.  ‘What part, if any, does it take in the nutrition
of the metamorphosing larva

At the fifth day of my series the stomach containg material
that sfains preciselv like {he degenerating adductor muscle,
It fends to be relatively balky and to conform to the shape
of the Tumen, like a cast. Tn all {he specimens examined this

in Tampailis snodontoides the mushroom-shaped  mantle likewigse is stil
proninent at the end of parasitism.  In Propiern laevissimaa, which is exeoptional
B that it continnes to grow on the gills for some time after metamorphosis,
stages wero observed which had incrensed forty-fold in volume yeb retained a
tripieal ‘mushroom hedy.’
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content hadundergone partial digestive resolution, and aceord-
ingly bad lost the distinctive character of muzcle; this s alse
true of the disrupted adduetor itself whieh is homogencous i
the same preparations.  The presence of this eosinophilie
masgs anfedates the formation of the eoavse liver granules ol
gimilar stainability. Tt, therefore, is not a congulnm of liver
ceeretion Rather than arge this interpretation it wounkd be
more logieal to assume the reverse and make the stomael
content the genctic anteeedent of the liver granules, or at Teast
of their cosinophilie component; yet T have no inelination fo
Jdo =0, From these findings, meager as {hey ave, one ean inley
that a cortain fraction of the provisional addnetor is veceived
into (he developing alimentary tract and digested there.

Fspeeially in the seeond half of the ])m'zwiii(' periad, finely
particulate material of uncertain origin is present in the
enteric tube, Tt scems reasonable that tissue fransndate from
the host is taken up by the gut, but as to other specific ele-
ments there is no elue. The larval mantle, although atmphw
lasts beyond the period considered here. There is nothing in
the stages examined to indieate its direct reception into the
digestive canal,

Sneh facts seem to indicate that the gut is funetional as a
digestive organ during two-thirds of enevstment.  Ifs rile
may well be important, even though the visible evidence for
this is slight and bespeaks rather a subordinate activity.

B. Hooked glochidia

If attention be now directed to the group of hooked
olochidia, many comparable conditions are found. My
ohservations arve based chiefly upon a series of infections ol
Anodonta corpulenta, attached to the fins of the orange-
spotted sunlish, Lepomis humilis, and upen other infeetions,
hoth arvfificial and natural, of Hemilastena ambigua on the
gills of its urodele bost, Necturns maculatus. The Anodonta
infection was carried out at a temperature of about 200!

% Poward the end of parasitism, however, large liver granules do find their way
into the adjoining gut humen,



i necord.

CePTIGLIN 1
cainophibie
crannles of
ne ool iver
\\..'(Hi!(f i
storaneh
Cor al lenst
Slinadion to
ceoenn infor
s roceived
Plrere,
criad, finely
oot i the
e froam
specifie ele-
ivh abrophie,
s nothing in
Hon into the

wiional as a
nh, Ts role
evidenee fov
wiivity.

voof hooked
Pound. My
infoefions of
Hhe orange-
cr infections,
Sigua on the
e Anodonta
about 20°C.

do find their way

NUTRITION OF GLOOHIDIA 213

The Hemilastena series were proeaved during colder weather,
in the middie.of.October. - These thermal differences-mnst be
borne in mind with vespect to the time factor in order to
veconeile the deseriptions which follow with these of the pre-
coding pages.

Fate of the host tissue, I Anodonta the bitten fin is locked
firmmly between the flexed valvular beaks and their stout
spines (Arey, '24). This host material consists of epithelium
several layers deep, and usually ineludes some of the firmer
core of the fin, such as connective tissue, blood vessels, and fin
rays.  The amount is about half that taken by Lampsilis
lnteoln.  Similavly, Hemilastena bites on the strafified epi-
thelium of the gill and, usually, on connective tissne and
capillavies as well (fig. 2, 6.

In each, the mantle proper consists of large cuboidal cells,
packed with acidophilie granmles {figs. 2 and 3, 2.0.) ; although
coarse {1 ), they ave but one-third to one-half the dinmeter
of the corresponding granules of Lampsilis Inteola, At first
the cell boundaries are indistinet, hut sometimes they arc
clearly digcernible; this masking is due to the ZYMOECH Fran-
ales. The nuelel are vesicular and contain a prominent
nueleolus. The free surface, next the mantle cavity, bears a
prominent enticular membrane (figs, 3 and 4, wie) ) In
Hemilustena it shows vertieal markings, like canalienli, whiclh
give the whole the appearance of a vow of blocks. This mem-
hrane is mueh heavier than the delieate one, scarcely dis-
tinguishable, in Lampsilis lnteola.

Shortly after encystment the zymogen granules hegin to
disappear from the mantle eells, Ju some specimens of Ano-
donta they had vanished completely by thirty-six hours: in
others there was great depletion, but not total loss, at that
time. Clell houndaries now show plainly; the eytoplasm ig
acuolate and stains without brillianey. Tn Femilastena
some mantle cells may lose all their grannles while adjoining
cells are intact (figs. 2 and 3); there is also a marked tend-
eney for the distal granules to disappear before the basal
anes do (fig. 2); the cytoplasm then appears slightlv
basophilic and the eell boundaries distinet.



214 LESLIE B. AKEY

While these changes have been taking place in the mantle,
thore is modification of the ingested mass as well, In
emilastena the epithelium rounds up avd separates from the

—eonmoctive tissue, stilk-held by the hooks, The epithelial ele-

ments bitten hy Anodonta begin to Joosen aud digintegrate
soon after encystment. Apparently there is digestion in the
mantle eavity, coineident with the loss of mantie-cell granuli-
{ion; this is illustrated by the bare nueleus, a, in figure 200 At
thirty-six hours, in the Anodonta gories, all bat {he morve
resistant fibrous tissue or fin rays may be largely gone, and
by the second day this dissolution of the softer elements is
complete. The firm residue of tough tissue remains for the
maost part undigested and with only partial farther reduction
throughout the metamorphic period,

Besides the probabie extraceilndar diginteeration and diges-
tion i1 the mantle cavity there is phagoeytic ingestion by the
mantle colls, Hemilastena demonstrates this elearly beeause
of the huge size of the Neeturus cells. In fignve 2 o forfunate
ent hrings three stages of the proeess within the Hmits of a
single seetion; al ¢ is a nuclens, dennded of its eytoplasm,
contact with the mantle; at &, the eytoplasm of the mani Lo el
is profuberant and fused with that of a host ecell, Stage ¢
shows a cell completely ingested. As such cells ave large they
may eqnal or exceed the bulks of their eaptors; for exampie,
ceil @, fieure 3, has a diameter of 13 . At D oof the same fonre
is au ingested pigment cell. Similavly, in Anodonia, twenty-
nine hours after eneystment, the mantle contained mueh hos
material: these pieces measured to 9 in diameter.

It is important to inquire how ingestion occurs through
such heavy cuticulae.  Preparations were found in Dboth
TTemilagtena and Ancdonta which showed cells heing faken
in through breaks in the membrane (fig. 4, @). There was no
appearance of artefact in these openings, and it must be fhe
regular method of entrance, since the material obvionsiy
passes through in some manner. Just how the cuticula is
opened would be highly instructive, but fo this there is as vet
no ciue. '
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During the first {wo davs of parasitism ineestion is stendily
5 A i 5 3

Cgobg on A nedonti T The Tragments and pariiolies (hos

recelved are stoved partly in vacuoles and partly in the com-
pact eyloplasnn. By thirty-six hours the vacuoles are abun-
dant and may be hge, apparently by coalescence ; they occupy
much of the cell’s base and contain one to several fragments.
Smaller vacuoles are also present in the upper part of the
cell, What is their significance? Are they like the food vacu-
oles o a protozoon, or are they caused by a liquefaction of
the foreign tissue? In any event they are transitory—at least
i their exaggerated expression; at sevenly-two hours only
small vacuoles pevsist, giving the eytoplasm an alveolar
appearanee.

buaring this period of ingestion the manfle eells inerease in
size and beeome taller as the result of food received and
digested.  The mantle cells of Anodonta put ont elongate
corieal or finger-like processes which ave often local and do
not involve the whole surface of a cell. They differ from
fypical psendopodia, inasmuch as a cutienla covers them. It
does not seem probable that they result from crowding by
the new mantle; their shape and distribution negative a mere
mechanical distortion. These peculiar extensions are present
while ingestion is going on.

The snuslivoomn hody.  The incorporated host tissue is
firgely digested by the third day in Anodonta. By (his time
the so-called mushroom body has put in its appearance. Tt
s nothing else than the Iarval mantle, forced toward the cen-
ter of the valve hoth by the definitive mantle colls which ereep
centripetally from the periphery and by the eill huds and
more of the mantle which likewise erowd venirad from above.
The Tarval mantle thas progressively hecomes limited to the
central regions of {he valve and gradually assnmes a pedun-
culaled mushroom appearance.  The component eclls ave {all
(o340 i vertienl seetion), granular, vaenolate (espe-
ciadty at the base}, and poovly acidophilie; their nuclei ave
vesienlar, with a prominent nucleolus, and are located hasally.
AMoseventy-two howrs the cells ave still separate, thongh thov
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coon fuse. The free sarface of the mushroom hody extonds
trounded eell tips, usnally deeply notehed at the cell june-

tions; this gives an irregular scalloped contour. 18 the st
room appearance cansed by pressure from all sides? Prob-
ably in pari—especially the constricted base—but the cells
have also ineressed greatly in volume sinee encystment, as
Jiroet measurements show. The mushroom hody is oradually
rodueed, and toward the finish of the parasitic stage 1t no
longer is recognizable.

Tuvolution of the larval adductor. The lnrval adductor is
destroyed abont the middle of parasitism.  This is af the fime
when {he mushroom formation is most prononneed. Althongh
properly graded older stages were not available, indieations
i miscollancons seelions of other eneysted booked glochidia
point to a later history similar to that already deseribed for
the hoolkless group. Furthermore, portions of the adducior
are demonsirable within the roushroom body. It would thns
seom that bolh mushroom body and adductor serve as food,
and the former, although steadily regressing, ig ngeful in the
glochidial economy longer than has generally been supposed.
During its deeline it is still active in redueing the enclosed
muscle fragments to more easily utilizable material.

While the involntion of the mushroom body advances, the
definitive mantle is growing correspondingly. On their first
appearance its cells are short columnar to cuboidal in shape.
The eytoplasm is basophilic and the nuclei stain so heavily as
to mask the nueleoli.

SUMMARY AND CONCLUSIONS

The glochidia of fresh-water mussels undergo an internal
metamorphic development while eneysted npon appropriate
aquatic vertebrate hosts. This growth and differentiation can
proceed only when certaln environmental requirements are
fulfilled. Concerning some of these factors nothing is known,
and of others there are mere intimations. Thus, 1t is suffi-
ciently established that the parasitism ig highly specific and
demands definite hosts. Xnough concerning the natural im-
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muniy of non-hosts and the acquired Immuanity of normal

hosts has heen discovered to show that delieate adjustments

wncvelations exist (Ayev, 793 b, B2DY5hut as {0 the aetnal
natire of the immunity, or even the factors involved, noxt o
nothing is kinown. Again, if is apparent that a favorable
proximity to the available oOxygen supply is furnished by the
superficial, ectoparasitie loeation ol the Tarva., That the
oxyren potential, even on gill filaments, is concorned with {he
Hiception or progross of metamorphosis seemy reasonable,
and even probable, vol suel FOINAINS anproved,

th the other mand, a considerable amornt of nutvimen( iy
sirely necessary to condition {he rather extensive develop-
ment and differentiation that charvacterizoe metamorphosig,
The sourees of this raw nutritive material arve severnl - The
host tissne, hitten during attachment, sapplies part; the
buval adductor musele i« sacrificed as an additiona) supply,
and the same is probably {rue of the atrophying mushroom
hody s diveet framsadation of the host's tissue juices donbiless
aceonnts for the vemainder,

The celladar host tissio enclosed Delween the valves of an
cneysted elochidinm is removed in fwo ways, A portion ig
takes iy by the eutienlarcovered mantle eolls and digesiad
itracelinlarly. Further, there is sufficient reason (o bhelieve
that the coprse granules that first pack the mantie cells are
the precursors of digestive seevetion, which, at least in part,
escapes info the mantle cavity; heve it acls on much of the
fosl tissue, causing ifs prompt dissolntion and vesolution into
utilizable fluid notyiment,

Aunother sonree of nntriment js furnished hy the provisional
Firvad adduetor muselo which undergoes degencrative changes
st then Fragments, and finadly is carried away bit by it
by amochoid colls. These tarn over their mascle contont to
the Iarval mantle, where the parfieles are further reduced
hovond recognition.

The larval mantle inereases greatly in thickuess, but stead-
ily diminishes in area, as the definitive mantle ETOWS con-
tripetally to replace it iy the hookless glochidia the larval

JOPRNAL O MORPHOLOGY, Vor, 53, wo. 1
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mantle, or ‘mushroom body,” persists until after the end of
parasitism; in the hooked forms it disappeavs toward the end
of the parasitic period.

Iy general, tie provisional mantle serves first as the bearer
of sensory cells which ave instromental 1 oseenring attach-
ment 1o a host (Arey, 21), and then for the dissolution and
ingestion of the bitten host tissme.  Next, it receives amd
reduecs fhe degenerating adductor. Finally, the mautle rom-
nant is saevificed and donhtless serves as an additional sonree
of nufriment.

Special vasenlarvization of the host tissne to facilitale {he
passage of nutriment from host to parasite does nol oceur
{Arey, "32 a), vet there is no reason to doubt that an appre-
¢iable part of the larval nutrition results from transuding
tissue juices. This belief i strengthened by the apparent
necessity for the removal of kataholie wastes along the same
path but in the reverse diveetion,  Since the internal frans-
formation of a glochidinm is relatively extensive, ifs meta-
hotie slag snrely does not remain at the sife of orvigin.

The gut serves as an organ of nulrition throughout two-
thirds of the parasitic period. Tt appears to admit and digest
part of the adduector muscle and certain unidentified partien
late matter. Tn addition, the gut, like the definitive mantle
and other organs, doubtless absorbs tissue transudate from
the host. 'What proportion of the total food is carved for by
the gut eannot be determined af present.

These resulis supply information as to the {ood require-
ments of iransforming mussels which should he eonsidered in
futnre attempts to rear eommercial shells by culture methods
in the ahsence of parasitism,’

2 the continuanee of such experiments ib may prove worth while fo consider
whether the epithelinily embedded fin parasites, robust in struefure and loss i
mately associated with the hosts? tissues, are not the most favorable type of
experimental material. ‘
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PLATH 1

ENXPEANATION OF PGURES

A the fgures are photomierog aphs of vertieal sections cut dorsoventraity
throwgh both valves of the glochidia,

T Lampsilis Wteoln completely eneysted afrer wn attachment of two and one

auitrter hours on a gl Glment of Micropterus sabmoides. X 150,

T Hemilastena nmhigoa enevstod two and anc-quarter dnys on the gifl of
Neeturis maculatas, Three successive stages in the ingestion of red hlood vells
by the manile are shown at: o, By oand oo ) 355,

A Hemilustenn oneysted one day. The wantle Bag ingested g red blond ol
(a) aowl prgment masses (b, X 710

+ Hemilastena eneysted one dayv. The mantle i recetving a blood eef] of
the host () through a gap in the prominent cutieuln. XTI,

5 Lannpsilis Wuteola enevsted six days. The initial swolling of the Jarval
adductor Bhers is shown, % 353,

G Lompsitis Tuteals enevsted five dnys. Tartial dissolution of the adductor
and the aeeival of + usportive cells arve ilustrated, X 354,

T Lanmpsilis Tutealn enevsted four days. A nest of musele fragmonts anl
trangportive colls show, X 355,

B Taunpsilis tutvoli eneysted four days, Transportive eells with masele frag-
ments are passing between the two nantle yers. X 700,

B Lampsilis luteola eneysted seven days. A tramsportive eoll sl its eos
tained muscle fragment presses against the nner mantle tayer, X 710,

1 Lampsilis Tateola eneysted seven days.,  The transportive eolls awd larva)
niutle show, % 353,

1 Lampsilis Iuteols enevsted five days. The Iarval mantle contains many
mlductor fragments. % 355

ABHREVIATIONS

oy, adduetor usele
am. swollen adductor fibors
e evat wall

i, hiner mantle eells

e, miantle cuticuls

gL, makele fragments

m. 0 musele fragments in manfloe
o, outer mantle cells

done, definitive mantle
£ flange

I, hinge £, shelt eativaly
g il Blement Loy trausportive eells
ft,, host Gissue 2, EYIMOEen rrangley
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