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RICHARD J. NEVES

PLEASES IN T PARASITISM OF THE UNIONIDAL

Awriigr DL Howawn ann Bakry Jo ANsow

L. 8, Fisheries Biological Station, Fairport, Jowa *

There are few cases, probably, in which an animal parasite is itself
an article of commerce.  The large demand for mother of pearl in the
indusiries has led to the artificial propagation of the Iresh-water
mussel, remnrkable for its parasitic larval development. Although the
parisitic stage 1 of comparatively short duration, it is an cssential step
in the Jife history. A thorough understanding of this as well as of
other stages has been a prerequisite for successiul propagation.t

The whole problem of mussel propagation has proved more complex
than it was at first supposed to be,  In early attempls (Lefevre and
Curtis, 1912) at artificial infections of fish with the glochidia of mussels
a stseeptibility of certain groups was recognized, hut the relation of one
mussel as a0 specific parasite of a given fish or group of species wis not
recognized,  The acquirement of this information made possible the
propagation of more species of mussels, among them some of the most
aluable commercial vavieties,  Another barrier fo success was the
subsequent post-parasitic stage in the mussel, called the juvenile, which
on account of its minute size and vuluerability seldom survived. A
method of bringing it through this eritical period was required.  Steps
toward the attainment of the desired goal and a discussion of this phase
of the life history have been made the special subject of other papers.
In the progress of the investigations and the propagation oi mussels
oppartunities for observation of the parasitic stages are continually

presented which, while aiding the development of mussel culture, nay

likewise contribute features of interest to the parasitologist.§

PREPARASITIC PERIOD D GLOCIHIDIUM. MEANS OF INFECTION

The glochidimm or parasitic Jarva developing from the egg witiain
the mocéiﬁ(‘d gills or m:u'mpitim of the parent mussel is expelled,
the case of “swuner breeders” (tachytictic forms}, at least, soon 1ftu’
maturity,  In fhe case of the winter breeders (bradytictic) the larvae
after naturity (?) are refained for months over winter to be discharged

# Contribution from the U. S. Fisherics Biological Laboratory, Fairport,
Towna, Published with permission of the Comnissioner of Fisheries.
tl%r full details regarding the progress of experiments in omussel culfure
reference may be made to recent summaries and bLiblographies {Coler, Shirg,
Clark, and Howard, 1921 Howard, 19223,

+ \L]\mn\icuucmcnt is hereby made of the assistance of Dr. R E, Coker and
Ar. R, L, Barney who read the manuscript and offered valuable suggestions,
and ro Mr. I B, Southall for assistance with the photographs,
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i the spring or sununer. The two-valved form of the glochidiom iy
adapted for attneliment to a host. Among glochidia two general types
are vecognized, the hooked and the hoolkless; for the moest part the
Bocked glochidin are fnrger and adapted for attachment to the exterior
of fishes, as to fing, soft scaleless parts or even to the epidernus covering
the seides, whereas the hooldess type are smaller and become attached
more reidily 1o the minute luneflae or to the filiments of the host's gills,

The glochidia after extrusion {rom the parent mussel have been
observed falling to the hottom in still water.  In flowing water they
wiy be carried mosuspension for leng distavces, as shown by their
oeenrrence in plankon catches {Kofaoid, 1903, 1908). This transference
secris 1o he due to their small size perhaps more than to specific
pravity ; as regards American spectes, so far as known, it is not due
to any power of seif-propulsion, notwithstanding early accounts fre-
rienttly seen repeated indext books, of thelr Iocomotion through flopping
of he valves after the manner of the scallop (Pecten); however,
Japanese spectes are said to possess this power (Arey, 1921: 470, foot-
nwie). Phe mere presence in the water of the hookless type of glochidia,
expecinlly the smaller species, subjects fish to the chance of infection;
this results from thelr ready transference by currents and coming in
contact with the gills of fishes through the latter’s rvespiratory
eyements,

The high percentage of infections and the heavy individual infec-
Hons of some species indicate & wore ¢r Iess definite ecological relation
between host and parasite (Colker, Shira, Clark and Howard, 1921).
This relationship is supposed to exist hetween the river herring, Pomo-
fobus chrysochioris Raf. and the niggerhead mussel, Quadruda ebeius
Lea. Both are found in swift water habitats which would favor the
carviage in suspension of the small glochidium of Q. ebenus.  Other
illustrations are the chanmel catfish, icfalirus punctatns Raf., and the
warlyback mussel, Quadrda pustuolsa Ten; the small mouthed black
hass, Micropterus dolomien Lacépéde (not the sole host), and the
wcket, Lampsilis Hgenenting Lamarek. During the spawning * scason
(May} of the Iatter mussel, seine catches of the bass in Fox River
have revealed a 90 per cent. infection.  No doubt the spawning habits
of the hass making their nests in the swiflt stony shallows brings them
into closer association.  The hooked glochidia seem less dependent upen
the buoying action of currents.  Therr attachment in infections is
sty upon fing, no doubt the resuls of near approach of the fish 1o
the hattom where through the agitation produced by the fins they may
be carried upward into contact with the host.

The presence of the “larval thread” (Lefevre and Curtis, 18912: 151)
in hooked glochidia is thought by some to aid infection. The very

*Sprwning in this case signifying extrusion of the glochidia,
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lirge hookless glochidia of Ouadrule heros Say have heen observed in
pattre more conmmonty i external infections upon the fins than upon
the gills, This may be correlated with the presence of o thrend gl
i this species, also (Vowand, 1914) with their large size. The hooked
glochidia of Alasinidonte marginate Say may be an exceplinn (o the
mile of external infection, having Deen found in many cases upon the
aills, hut upon mare substantial parts as the gill rakers and rachises
of the filaments rather than the lameflac, One aid to infection 13
doubtless the natural association of fish and mussels on mussel heds,
fnealities favorable to both ( Howard, 1914 39, Colker, Shira, (lark
and Toward, 19213, In the case of mussel-eating fish, and especially
the fresh water drum, Aplodinotus Grinniens Raf., the glochidia from
the parent mussels consumed may infect the predator. In fact, the
drum s found commonly o he heavily infected by the plochidia of the
thin shelled and easily crushed species Lampsilis gracilis Barnes, and
. lacwissinus Lea, inhabitants of qquieter water which hecanse of
absence of current must be less effective in distribution of glochidia,
A close habitat association s seen between the Salamander nrussel
Heniilasiena anbigua Say and Nechurns snaculosus Ral., the mussel in
spawning season, at least, Hving ou the stream bed beneath flat vocks,
a place frequented aiso by the salamander {Howard, 1915).

Tovidence of special means of altraction between parasitic species amnt
hiost hins heen secured { Coker, Shira, Clark and Howard, 1021 . 85,
120).  This consists in Lampsilis venlricosa BBarnes in elaborately
developed and brightly colored mantle lobes in the gravid female. “These
lohes in their form and coloration including an eyespot, resemble smaldl
fish, and the motion of these in the current still further enhunees the
resemblance,  The enlarged marsupia distended with glochidia lic close
to these flaps, one on each side. [t has been sugeested that a fish dart-
ing at this tempting bait may cause the extrusion of the glochidia and
then beeome infected.”

[ ater observations reveal a similar development in the closely related
Lampsilis hefeole Tam, which here accompanics the highly specialized
condition of the marsupium presented throughout the Lampsilinae.
Tr mussels brought from Lake Pepin during May (1921} and placed in
aquaria this phenomenon was especially well displayed and to a greatly
varying degree.  Its high development in some individuals scemed to
warrot special attention. The mussels when observed were ina cement
aquarium in running water ab 2 temperalure of 73 10 Although not
swbedded in the mud as they would normaily appear in nature, thetr
position was considered  especially  favorable  for showing  photo-
eraphically the detail of the structures (Fig. 1). The enlarged portion
or mantle lobe i3 ventral to the incurrent siphonal opening. It consists
of a narrow dorsal (with respect to the mussel) portion with tenninal
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ey spot wxd broad ventval part with elaborately imbriated edge, form-
b the il of the stmalated minnow (7). The coloration is striking, Un
a general ground color of reddish, are dark Bbluish or purplish bands
with pencilings of black,  The eye-spot is black with a light border.
Fxtending out between the right and left mantie lobes in the region
of the fncurrent siphonal opening the light colored marsupia heavily
distended with glochidia become visible.  Tf undisturbed they are
extended a full quarter of an inch beyond the mantle and a half inch
bevond the shell.

Corfain movements and reactions were noted.  Regular undulations
of two rapidly succeeding waves occurred lasting two seconds and sach
aking approximately a second to pass from the outer veniral lobe to
the eye-spot.  The interval between the undulations was timed and
fornd to be somewhat uniform, as indicated by the following readings
ioscconds: 5,05, 4, 5.3, 5, 4,4, 5, 4,5, 5 5, 4, 4,4, 7,4 5 4
sverape == 4.5 seconds, Withdrawal of the marsupiom always followed
the shightest disturbance of the water and invariably before the mantle
tohes made any response. Motion of a smail object fike a pencil within
the water at a distance of two inches caused retraction of the marsupium
without visibly affecting the mantle lobes. No withdrawal followed
licht touching of the marsupium itself or the outer mantle lobe. Touch-
ing of the tentacles in the vicinity of the incurrent siphon promptly
hrought about the reaction. Considerable jar, as from a blow to the
conerete fank, was not effective.  Tovidently the stimulus causing the
reaction (withdrawal) was received through the tentacles. The question
as to the [unction of these movements and reactions arises. The
regular wndulations suggest aid to respiration (for the enclosed young)
but might also serve to attract a predatory fish as a possible host, sug-
gested above,

The withdrawal of the marsupium and the closing of the valves,
Lesides protecting the mussel, would cause extrusion of some glochidia
with uhvious advantage if in the presence of fish. Tt is significant
perhups that these two species (Lampsilis ventricose and L, Inieolay are
predominately inhabitants of lakes or lacustrine portions of streams
where dissemination by current action would be slight, and that the
Losts of these mussels are predacious fish (chiefly members of the
Cenirarchidae and Percldae),

VICISSITUDES AND BENEMIES

With no known means of propulsion, dependent ehiefly upon cur-
rents for transier, the chances of the larva’s finding the proper host
must be exceedingly small (Lefevre and Curtis, 1912). Their tre-
wendously  profifie production contrasted  with the relatively small

g e G T 3 1 5 S g A gt



71 THE OURNAL OF PARASITOLOGY

atmber found as parasites henes witness to the great mortality oceur-
fng in nature at this stage. Falling to the hottom they Deeome the prey
of such observed enemies as the widely distributed  Chaclogaster
diaphanus (¥Fig. 2y and the Rhabdocoels (Fig. 4). Of the latter

has heen identified, and there are no

Stenostoma gigantewn 1igley
doubt ofher predagory forms, Unequipped, so far as known, for
mndepetent existence e duration of their effectiveness must he brief.
The longesl observed qurvival, i the authors’ experience, wiss 0ne week.

1L s 4 conunon observidion in experiments of the authors that the
elochidia mect with resistence to attachment on the eills in the cise of
the gars (Lepisosteus Lacépide), through the copious production by
the fish of a protective mucis. Similar means of resistance may be
more common than is at present known. In practical propagation this
can he obviated by changing the water which holds the fish.

According to Arey (1021), attachment 1s controlled by contact
stimulus solely,  This being the case, it is mere chance whether right
or wrong host is secured ) i the wrong host, destruction by desguama-
ton, cytolysis of phagocytosis or other inmmunizing agent ensucs
(oward, 19145 TReuting, 1919}, Drestruction also follows attachment
fo a natural host which Tas acquired immunity (Reuling, 1919) by
sive previous miections. The precariousness of this

having had sue
period for the potential parasite is cenlized from a contemplation of the
pitfalls enumerated. Artificial infection successfully bridges over his
critical period. A measure of effectiveness of artificial infection iy the
Ligh utilization of the glochidia from a given mussel.  In artificial
infection 100 per cent. of the fish are infected, utilizing as high as 50
per cent, of the glochidia supplied; in natwe the records give as small
as 3.5 per cent. of 674 fisk examined (Surber, 1613), and these but
lightly infected. It s conmmon in propagation operations to put 2,500
grlochidia on & medium sized fish which in nature would commonly have
at the most, perhaps, 250,
PARASITIC PRRIOD

The parasitic period begins with the implantation of the olochidium.
Contact of the host’s tissues with the sensory hairs inside the widely
gaping valves of the glochidinm (Arey, 1921} causes the valves 10
close vice-like upon the gill ot epidermis of the fins or hody surface.
These tissues react by enclosing the glochidiany in a cyst, the complete
implatation wsually oceupying only a few hours. The demonstration
by Arey of the effectiveness of a mechanical factor by employing 2
minute aluminum clamp in this process scems to disprove the previously
aceepted Delief in o chemical agent based chiefly on the response of

clochidia to certain ions,
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Fhe encvatment varies with the species, the encapsulating tissue
Dot ote extonsive i some than i others. In the ease of fishes hav-
mylls with dhin lameliae the cyst formation may imvolve several of
e, Pollowing encystment the parasite undergoes changes m the
mitere of oomelamorphosts. This consists i a transformation from
a vomparatively simple glochidial Tarva to the more complex juvenile
with most of the organs of the adult.*  Having completed its metamor-
phosis the young mussel mekes ity escape, extrication apparently being
initiated by its own activity with possible reaction by the host.

DEGRUE UF PARASITISM

Three distunct types of pavasitism have been observed in fresh-
witter ninssels,

First, Hmited parasitism without growth.

Seeond, extended parasitism, or long continued demand upon the
host, with miore or less extended growth,

Third, abandoned parasilism, more or less complete loss of the
paasttic habit,

The commion relation between the parasitic mussel and its fish host
ithat of a limited parasitism (Fig, 5), The glochidium passes through
a metamorphosis, making ne external growth, and therefore probably
receiving fittle sustenance from its host.  The fresh-water mussels of
convmerce belong to this class,

Among some of the thinner shelled species of mussels the second
type of parasitism prevails (Figs, 6 and 7). The parasite instead of
fenving the host with the minute glochidial shell only, while still upon
the fish, begins o growth which in some cases brings it to a size five
ses prrenter in lvear dimensions than the glochidium.  This is well
dustrated by Lampsills loevissimus Teen, L. gracilis Barnes, Plagiola
danaciformis Lea, and P. clegans Tea (7)) which all have small glochidia
amd have for a host the [resh-water dvum, Apledinelus grunniens
Hafinesque, 1t has been suggested that 1his extra-glochidial growth is
correlated with their small size, bringing them by compensatory growth
to the w‘i'/c of other mussels when heginning the juvenile peviod. Ta the
vase of the large celt-shaped glochidia of fampsilis alate Say and of
FLampailey parparata Lamarck the growth on the host 55 limited to an
extension sufficient only to give the form of the definitive shell {How-
avd, 1914 Evidence from the juvenile shell of Lampsidis capoy Greene
,»:Im\\'s that it also belongs te this group, but its host (probably .
gronnicasy has as yet not been reported. A single instance of such
growih other than on the drum has been observed upon the mud cat,

* Amvg vecent contributions on this phase perhaps the most complete is that
of Herhers (1913), which gives a complete review of the literature.
I
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Leptops olivaris Rafpthe mussel has heen provisionally wleniified as
Onadeale lechryvinosa Lea, which also possesses asmall glochidium,

The third type is represented by cnodonta Dnbecillis Say, with
possibly closely allied species and by members of the genus Strophitus
{ Shmpson)., Ui Anodonto imbectilis (Fig. 3) the glochidia at matarity
possessing the houks characteristic of their parasitic relatives, the other
Ancdontas, instead of attaching to a fish continue their development
within the marsupium of the parent.  On completing metamorphosis
they Ieave the parent mussel without extra growth and fake up an
independent existence as rapidly growing juveniles,

A similar modification of normal parasitism has been reported for
Streophitee cdentidis Say from a single instance noted (Lefevre and
Curtis, 1012). Howard (1914) foliowed through nermal pavasific
development of this species on different fish hosts. I both types of
parasitic bebavior exist in this species, as reported, it presents an
instance of facullative parasitism, or a condition intermediate between
the first and thurd types.

NDURATION OF PARASITISM

The period of parasitism extends from the time of implantation of
the glochidium to the time of escape of the young mussel from its
host,  The lengih of this period shows considerable variation and,
since it is o matter of some importance in mussel culture, has received
considerable attention.  Investigations have ascribed the variations to
the operation of various factors which may be enumerated as follows:
(1} temperature, {2) species of mussel, (3) species of host, (4) candi-
dition of host, (5) age of glochidia, {6} nutrition with reference to
location; these will be considered seriatum. References to earlier
titernture may be found in Lefevre and Curtis (1912).

Temperature was early recognized as a factor in determining the
length of the parasitic period.  Schierholz and Farms maintained that
the duration of this period varied inversely with the temperature of
the water.  lLefevre and Curtis (19121 167) recognized the modifying
influcnces of obscure factors, A later publication (Colker, Shira, Clark,
and oward, 1921:130) stresses the possibility of the operation of
factors other than temperature.  In recent experiments by the authors,
a method was employed which, as far as known, eliminated other
factors,  Gars {Lepisosteus Lacepede) infected with the glochidia of
L. anodontoides Tea on June 22, 1921, were divided into two lots and
kept in separate troughs at temperatures that differed by approximately
7.3 degrees, averaging 81.3 FF.and 74 T, respectively (average of three
daily temperatures for 18 and for 22 days, respectivelyy. The lower
temperattive was obtained by conducting the water through an under-
ground cistern. Those held at higher temperature completed the period
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cvasilisig o b

st 22 days, o dilference of 4 days, or 22 per cent. Such are the

; e 13 days, those at lower temperature in more
viacions under comditions of sumner temperature,

i faifing temperatures, as at the approach of winter, the encysted
miveels remain upon the host until the following spring, when, with
sereine af temperature, they make their escape. Many observations
att shedding have called attention to the possibility that retaining and
shiddding of glachidia may both be governed by more or less fixed points
an the temperature seale. Data bave been obtained which give some

PARLE L WATER TEMPERATURES ACCOMPANYING THE SHEDDING AND
THE RE INMENT OF JUVENILES OF LAWPSILIS LUTEOLA LAM.
BY PHE LARGE-MOUTIHED BLACK BASS, M/ICROPTERUS
SALMEEDES LACEPEDE

Tomp. Temp.
Date Waler, Date Waler,
.y, L U
ALITSTEL S 77 Naovember 28000 . 0 ... 394
Sprembey 79 Decembior 1,4, 40
Septeniler 78 December 30
v plemibney 79 Decomber 38
“apbeniher 79 AYecember 33
S ptesndier 79 Jaraary 33
Saptenlier 7 X Fanunry 33
matetiher 76 Janunry 33
finher 73 Jananry 33
Saprfetudier 73 January 33
Septieliog 72 IPebruanry 33
Sepdemlier 76 Fehraary 13
g e ey 72 Fobrmary 14, 33
wepd e hey 73 Feheaary 23.. PN 33
September 75 Fehroary 28, ... .. ... .. 33
Septemhier 30l o 71 e .. 31
September 3., L f% 4 7. 33
Victolwe  f &4 Mareir 14,..,, . 3%
5 fnhet &2 March 210 .. oot 35
[ 62 March 28.,... . P 42
tiotiher 58 Aptil e 44
(AR F 56 April Fo o e e 57
tl rl 54 Aprtl 4o....... .. 52
[N | Rt Aprid 1o, .. . 52
th 37 6t April 28,00, 46
e 2L, 36 May 1....... &1
Dhoandey 35,00 56 May 7.......... o 43 .
Motvaher Fo, 60 May 10.......... e e Gde
Sevenser 530 May 2. .. i 67f

w Bhate of fourth infeetion: all during same season, 1921,

Botire on which feurth infection was eompletely shed; note temperature.

coFish dnfected for Gth time,

4 Lowering temperitares.

o Appareutly shedding begu,

Foshedding very evident,
support (6 this view, and help to determine these temperatures.  Further
evidenee s necessary to substantinte these findings.

The data given in the {following tables {1 and 2} were taken from
experiments not otherwise falling within the provinee of this paper, The
pele referred fain Table 1 had received successive infections; that of
Tuble 2 received a single infection October 27, carrying the glochidia
trongh the winter and yielding live joveniles in the spring,  Table 1
o dutes and temiperatures at periods: of infeeton and shedding

during Sepiember. A subsequent infection of the same fish shows

R R s e A 1 - i A e A
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retaiminient upon falling temperature, Teowill be noted that {oliowing
Septensher 290 the date of the second infection, the temperatures ielt
helow 63 105 shedding occurred the following spring upon the attainment
of approxintely this tenperature.

Talle 2, represents a single infection and shedding, During the
period of refainment, at no time did the temperature go above 63 17,
At this temperature in the spring shedding began.  These observations
seem to Oix the “eritical” temperature ag near 63 . Whether this
temperature is “eritical” for the metabolism of the host, or of the
mussel, or of both, has not heen determuned,

In nature it is not ancommon for the mussel parasites to be carried
over winter, and falt infections seemy to he normal for certain species.

TABLE  2-—WATER TEMPERATURES ACCOMPANYING  THE  RETAINMENT
AND THE SUEDDING OF JUVENILES OF LANPSLLS LIGANENTIN
LAM, BY THE LARGE-MOUTHED BLACK BASS, MICROPTERIS
SALMOIDES LACEPEDE

Tamp, Temp,
Date Wm}cr, Date Witer,

° R
Oycubior 27, 48 Novemhber 17,0000 .. , 43
Outolier 285, o 48 Pecember 34
Octahier Y% 0 e R 47 Pecember 2200000000 ieanin a8
Crgtrlier 3 5} Jarvaary 3, 19200000000, 3
Oetober 31 51 Janunary 2100 0 o oo 38
November 42 February 13,0000 0 38
November 432 April 5.0 0 o e 55
November 43 Apnl 18, .. 49
Movenher 46 A} o 51
November 44 April 55
Nowvemher 46 Aprit Gl
November 43 April 60
Novemier 46 May &0
Naventher 46 Muy G2
Newertn e 41 May 61
Novenilier 35 My 51
Navember R¥4 May 656
Novenher Td. . iereeennann a2 May 72
November oo 00 33 May 73d
Novembior 1300000 oo 34 May 76e

November 16,0000 43.3, ada

@ Temperatures indoor frough and eutdeor pond, respectively, for comparison; tempera-
tures provieus to this date from pound, after same from indoor trough in which fish host was held.

B, ¢ Juveniles heing shed.

d Found juventles i trough,

¢ Juvenifes mostly gone from fish.
This is trie of Obovaria ellipsis Say on the sturgeons, Scaphirhynchus
Heckel, of Quadrula heros Say, on various spectes of fish, and of
Hemilastena winbigua Say, on the salamander, Necturus maecnlosa Raf.
This wintering on the host doubtless has distinet advantages to the
mussel, chief among which is the earlier start obtained and consequent
escape from the ravages of enemies during the most erifical perioad in
the life history.

Wintering over 18 apparently the normal condition i the extra-
olochidial parasitism of the mussels (list, p. 73) which parasitize the
drum, 4. grunniens Raf. If this is the case, glochidia are retained, in
spite of summer temperatures, until spring of the following vear.
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A pecnliar cnse of retention over winter and into summer { July §)
wis ohserved, Oar fish were intected hute in the fall with the yellow

<ol shell and heir persistence alter the “eritical” temperature attracted
Altention ; exiunination revesded the face that all the mussels were dead,
Two experiments of this sort are thought to indicate that the yellow
s shielt is not normally carried over winter,  The persistence of the
dead parasites is added evidence that normal elimination 15 initiated by
the purasite.

Flarms noted o difference in Tength of parasitic period between Unio
and Anodonta which he ascribed to the tess advanced stage of develop-
nient of the glochidinm in Unio when leaving the parvent mussel. Lillie
(IR03} working upon American  species  from the standpoint of
embryology substantiated the ahove, finding greater development in
Ancdonta sy, than in Unio sp, (complanate?). e also scems to imply
(p. 63} that devclopment of the glochidium of Anodonta progresses
during (he winler while still i the brood poach of the parent {see age
of glochidium p. 78). These facts have a practical application in
mytssel propagation in that they point to the necessity of determining
whether a glochidium is normally released in the fall or in the spring.*

The present authors have no specific data with reference to the
urepenn forms nor 1o the differences hetween hooked and hookless
gloehidin mentioned by Lefevre and Cuortis. It is believed, however, that
there 1 constderable variation in habit, at least, among both these large
groups as suggesied in the following examples.

The hooked glochidium of Hemilastona ambigua Say is normally a
fall infecting species, having heen observed hoth in artificial and natural
mfection to carry through, while Anodonta imbecillis hias lost its parasit-
s These instances indicate that all heoked gloehidia are not like the
Anodonta reported by Lillie.  As between summer and winter breeders
{hoth within the hookless group) it has been noted, as far as they have
heen compared, that the summer breeders have the shorter parasitic
perind. No extensive investigation of the groups, as a whole, has heen
matdde, but the difference was noted mcidentally on several occasions when
infections with the two groups of mussels corresponded closely in tme

fn later experiments when opportunity presented, this phenomenon

was given closer atrention.  The following experiments demonstrate the
difference quite clearly.  Gars (Lepisosteus platostonius Rafinesque)
were infected on July 12 (1918) with Quadrula plicata Say {a “summer
breeder™). The same species of fish on July 13 were infected with

v Lampsilis anodontoldes is a donbtind case. Although infection upon a hish
enn he secured i the fall none thus far tried have survived the winger upon
the hest (seo doration of parasitism pe 745,

+8ome of the vecords pertaining (o such observations were lost with the
Lurning of the Fairport Laboratory in Decemlier, 1917,




78 P JOURNAL OF PARASITOLOLY

Lampsilis follaciosa Smith (@ “winter breeder”) and kept in the sumne
pond,  On July 23 the Q. plicaia had ail been shed, while the 1.
Jullaciosa were still prescit in the full number, complete elimination
not being ohserved until fuly 31 In the first case a peried of
parasitism of 11 days or less, in the second one of 4 to 7 days longer
was indicated,  In another experiment the period of parasitism for
1 anodontoides on the gar was 21 days (July 7 to July 28, 19193
enthich infected with Q. pushdosa on July 18, 11 days later, under
otherwine similar conditions, were alse {ree of the parasites on July 28,
or after a period of 10 days, less than one-half that required by
1. anodontoides. A better test of this phenomenon would be a siil-
caneous infection of the same individual host by members of the two
groups, for example, Q. plicaia and L. anodontoides on the gar. Another
example is the extended parasitism of all known species but one infect-
ing the drum, A, grusmions, in which the greater development demands
more time, namely, nine months or more as compared with two or three
weeks for the one exception, Plagiola securis Tea.

Corwin {1920) finds a difference in the length of parasitism of the
came mussel on different hosts. Mussels were shed 5 to 10 days arkier
by the smiall-mouthed black hass, Micropteris dolomicn Lacdpdde, than
by four other species infected at the same time.  Our own observations
give some Idication of a shorter period for Leponiis pallidus Mitehill
than for Micropterus sabmoides Lacépede, when infected witlh Lampsilis
Inteola Lamarck,

Coker (1921:130) has suggested that the vitality of the host may
he u factor in affecting the length of the parasitic period. The only
data bearing on this topic possessed by the present writers 1s the
observation of mussels escaping from the gills of dead and dying hosts.
These observations indicate that a moribund condition in the host
hastens shedding when metamorphosis is well advanced.

Lan psilis Tuteole Tamarck 15 known to spawn out early in the
swmmer (about July) in Lake Pepin; it is difficnlt fo find pravid females
at this time.  Later in the summer a new broed of glochidia s pro-
dnced. Corwin (1920) finds a difference in the results obtamed from
infeetinns made with these two types of glochidia, which he ealls “old”
(carried by the parent over ‘the winter and spring) and “new” (mature
[ 2] ones of the current season). Since the two types may, during a
short period, be obtained together, Corwin, carrying them in paratel
experiments, found that the “old” glochidia completed the parasiiic
neriod in a shorter ime than the “new.” A difference of development in
the “old™ and “new” glochidia of one species is here suggested com-
parable to that scen in different species.

Consideralie variadon has been reported by a number of workers
in the lengths of the parasitic period of “glochidia of the same species

3 g
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S indected apen the sioe ahT {Uoker, Shiva, Clark, and Howand,
Lo This has beers explained as being doe o ditferences in nutrinon
g

covcerned by position g the fody o the host, Glochidia ow the sides

g ol Dloenis are theughe o make thor ewape before those on

the G, the conse supoosedly being the better vaseular supply in the
nemition of the former, This condition 3s commonly noted n mfections,
P sowe eoses the dilferences may be striking ) Lefevre and Cuartis have
almerved variations of from 13 to 24 days, or almost 100 per cent. Since
vatintion may be doe to the death of the glochidia, a condition fre-
quently seen in normal infections, careful diserimination is required in
comnittg 1o conclusions as to the causes of such variation in time.

RACIAL AND INDIVIDUAL IMMUNITY

terlain species of mussels in their parasitism are restricted to a
sinple species or genus of hosts,  In others is found the opposite extrente
inowhich almost any species of fish seems to meet the reguirements.
When a glochidium becomes attached to a species to which it s not
adipledd fnon-hosty it becomes  encysted apparently in the normal
sanmier, but is shoughed off within two or three days. Well known
exunptes of vestricted parasitism are that ol the wartyback muassel,
Cadruda pusivlosa Tea, on the catfishes, Siluridae, the niggerhead,
Cuotdrda chens Toa, on the viver herring, Pemelobus chrysochloris
Baf, and the yellow sandshell, Lempstlic anodontoides Tea, on the gar-
pikes, Lepisostens Lacépéde. A striking example of adaptation is that
of Jpledinetus grunniens Raf, which is the sole known carrier of
cight or more species of mussels. The known species are as follows:

Lampsifis (Proptere Ort) alaic Say.

Lampsitis (Propteva Grt) porpurate Lam,
Lampsilis { Propiera Ort)) lecovissima Lea,
Lampsilis (Propiera Ort) copar Green (probable),
Lampsilis (Paraptera Ort) greciliy Darnes.
Plogiola deneciforinis Lea.

Pagiola elegans Tea.

Magioly secrris Tea,

As many as three or four different species have been observed at
ote thne upon a single individual (Figs, 6 and 7). Racial immunity
is best ustrated and readily recognized in such cases of restricted
pensitisnn, Inosuch instances any species that will not carry a given
species of muesel may be designated as racially immne. The mecha-
wism of racial fmmunity iz oprobably similar to that of individual
ity { Reuling, 1919). A previously unreported case of racial
ity is that of the orange spotted sunfish, Lepomis humilis Girard,
toavard the mussel Lampsiliy fteole Tame This was unexpected in view
of the faet that all of the five species of the Centrarchidae previously

B e g o g e g g e a4
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tested haed proved 1o he carriers of this mussel. An example of
unrestricted pavasitism s that of the hooked glochidium Alasmidonta
marginata Say which was [ound in natural infections upon the {oliow-
ing spectes of fish: Movostoma aureohim e Sueur, Cafostonis com-
mersenti Lacépede,  Cotestonnis nigricans Le  Sueur, Awmblopliies
riepestus Raf,, Chacnobryttus gulosus Covier and Valenciennes., Another
example is the large hookless glochidivm of Quadride heres bSay
reported as normally parasitizing as many as thirteen diiferent species
of fish (Coker, Shira, Clark, and Floward, 1921, Table 19).

When anindividaal fish has carried three or more broods of
elochidia through the parasitic period it may not be further sasceptille
1o infections from any species of mussel so far as known which means
that aaching glochidia will he ehminated 1 a few days without
metamorphosts. Such a condition in a fish may be termed individual
immunity. Fhe action has been described by Reuling (1919) as cytolytic,
the parasite being first killed by a hemolysin and then eliminated by
desquamation,  The gross features of the process are similar to those
of racial inmunity deseribed above.

SOURCES OF  LOSS

In nature once the glochidium gains attachment to a suitable host
the foss iy numbers beeomes, doubtless, relatvely low.  In the progress
of experimental propagation of mussels, however, with the confinement
of fish i small enclosures or in troughs losses are often very high,
from diseases produced by Saprolegnia, Becillus columnaris, lchthy-
opthirius, and simlar erganisms. Methods for the treatment of these
organisms have been devised. A certain amount of handiing of the
fish 15 necessary, during which abrasions to the skin become points of
entrance {or microorganisms of which B. colwmnaris is most viralent at
the season when the greater number of experiments are conducted.
Tiavessively heavy infections are often the source of loss,

Recent experiments conducted by the authors gave opportunity to
test the effectiveness in artifeial infection experiments of a maode of
treatment for Barilhus colwmunerts devised by 11, 5. Davis (unpublished
report) for general trentment of fish affected by this organism,  The
experiments meniioned involved the wse particularly “of the species
Mivropterus sehiotdes Tactpéde and Lepomis pallidus Mitchill,  The
fish were introdueed into experimental troughs on June 21 (1921), By
the end of the fourth day 18 out of 95 fish had succumbed from the
disgase.  Treatment with copper sulphate after the manner recom-
mended Dy Davis® was begun on June 235 and repeated on June 30,

*The lish were subjected for two to three minutes to a solution of copper
stilphate, 131,000 dilution,
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b b el U0 Immediately following the first treamient marked

shpisventent wis noted ;) during the peniod between the first and second

eatoeent only b out of 74 fsh o died; between the sceond and third,

foatof o The resudts are striking in view of the fact that the disease

Fand pained o foothold so that the treatment was therapeutie. 1t is a

pomst of interest that the copper sulphate treatment had no apparent

ciiec on the encysterd glochidia, since the fish Trom which the hipghest
producoon in juventle mussels was obtained had been treated the full
nuther of Umes. As o further menns of ensuring sanitary condi-
nars Tor fsh refained as hosts in small enclosures care must he taken
to remove all uneaten organic materiad, and to puard against the intro-
drction ol infeetive forms carried by the small fish supplied as food,
I this connection 3t is worthy of note that feeding of fish was success-
fully dispensed with in the experiments referred to above.
Rerekences Crrep

Arvw, Leslie B 1921~ An experimental study on glochidia and the factors
widerlying encystment, Jour, Exp, Zool, 33:463-499; 3 pl.

Cober, K100 Shiva, AL T Clark, H. W, and Howard, A. D, 1921—Natural
history amd propagation of fresh-water mussels. Buil, U, S. Bur, Fish,,
d5 TN 1T pls.

Corwin, R, 5. 1920.-~Raising fresh-water mussels in enclosures. Trans. Amer,
st Soc., 40 R1-84,

Hevbers, Karl 1913 —Entwicklungsgeschichte von Anondonta cellonsis Schrit.
Zeitselir, wiss, Zool, 108: 1-174; 104 fig,

Howard, A, DL W4 --Txpeviments in propagation of {resh-water mussels of
the Quadrala group, Rept. UL 8, Com. Fisl,, App. IV, 52 pp., 6 pls,

M5~ Some exceptional cases of breeding among the Unionidae.  Nautilus,
Jhob,

P - Fsperiments Wothe culture of fresh-water mussels. (Tn press.)

Rafond, (00 A, 1003 ~-The plankton of the Tilinois River. Part 1. Bull T
Stide Lab. Nat, Hise, 61 95-629,

Ve ey 110 81 12361,

Lefovre, George, and Curtis, W, C. 1912—Studies on the reproduction and
artificial propagation of freshewater mussels. Bull U. S. Bur. Fish, 30:
052015 12 pl.

Lillieo I R, I895—The embryology of the Unienidac. Jour, Morph, 10:
P-HEY 6 onl,

Rentig, 10110 1919 Acquired immunity to an antmal parasite, Jour. Tnf,
Dhs, 24 337-346.

sirher, T 1913—Notes on the natural hosts of fresh-water wussels.  Bull
UL S Bar, ITish, 32:101-116; 3 pl

0 e s A s

e, e TR N

B



e TR JOURNAL OF PARASITOLOGY

FExpeLanation oF Prate VI

g, 1A gravid female of Lawipailis Iiteola Lamarck, showing mantle lobe
and extruded marsupinm (light, regularly striated structure),

Rig. 2--Chactogaster digplanis Gruithuisen, an observed predator upon
mussel glochitlia, .

M. Jo—Juvenile ot Ancdonta Dubeciling Say., Removed from the MArsUpIm
of the parent Jaly 15 An illustraton of abandoned parasitisnt, The foot and
the gill papillae are visible, thus distinguishing it from a glochidium,

Uiy, 4—-Stenostoma  gigaatenn Higley,  The specimen  photograpled has
ingrested 8 glochidia which are visible as lighter voundled areas,

Tig, 5-—Lampsilis fallociose Simpson on Loepisosteus platostonis Rafinesque
(a natural infection). Ilustrating limited parasitism, in which the parasite
makes no external growth, with conseguent slight demand upon the host.
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Fxpravartios of Puars VI

Fig, 6—~Lampsilis vlola Say, f.. loevissinus Lea, and L. gracitis Barnes on
Aplodinatus grumnlens Rabnesque,  lHustrating extended parasitism, in which
there Is growth and inereased demand upon the host,

Fig, 7—Lampsilis faceissimes Lea and L. gracilis Barnes on Aplodinaius
grimniens Raflinesque.  [Hustrating extended parasitism,  The lower encysted
mussel 15 L. facrissimins: the celt-shaped glochidial shell is visible in dorsal view
as a saddie upon the definitive shell
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