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RHACTION.S OF HOOKED GLOCHIDIA. 

The larvre of Symphyn<Jta complanata, which are provided with stout hooks and 
as a rule find permanent lodgment only on the fins and other external parts of the fish, 
were used in studying the reactions of the hooked type of glochidium. In several re­
spects they differ from the hookless forms. When removed from the marsupium and 
placed in water, they exhibit spontaneous contractions which occur at irregular and 
rather long intervals, and this irritability may continue in the laboratory for a day or 
two, or until the . glochidia begin to disintegrate. Under such conditions the valves 
are only partially closed at each contraction of the muscle, which, moreover, is never 
strong enough to bring the points of the hooks into contact. It is followed at once by 
relaxation of the muscle and the shell remains widely open until the next snap occurs. 

Hooked glochidia, in striking contrast with the behavior of the hookless forms, 
respond very actively to tactile stimuli, and, as has been stated, close completely and 
immediately when touched with any object. This reaction must be the m~n factor 
in bringing about their attachment to · the fish's fins, when they are brushed over by 
the latter while lying on the bottom. With glochidia like those of Symphyn<Jta com­
planata the mere contact · is sufficient to produce complete closure of the valves, and, 
whether they are exposed to the fish's blood or not, attachment is possible as a result 
of the tactile stimulus alone. They do react to blood, however, and exhibit a few 
successive contractions·, from 5 to I 5, before final closure, but the way in which the 
response occurs is quite different from that shown by hookless glochidia under similar 
conditions. Instead of being thrown into violent and rapid snapping, the valves closing 
and opening alternately, there is only partial recovery after each contraction, while 
the valves are brought closer and closer together by a series of short jerks. The final 
act of closing is interesting. As soon as the points of the hooks touch, the contraction 
of the adductor muscle becomes continuous and the hooks are slowly bent inward 
against each other. Under the steady pressure exerted by the muscle, aided probably 
by the action of the myocytes, which have been described by Schmidt (I885b), the 
spines on the outer surface are apposed and the hooks t,urned in completely between 
the valves, the margins of which are brought together, if no object intervenes. It will 
be readily understood that, owing to the turning in of the hooks, the spines are pressed 
into the fish's tissues, when attachment to the host takes place, and a firm hold is thereby 
secured. 

When the glochidia of Symphyn<Jta complanata were exposed to salt solutions, the 
contractions produced were of the kind just described. KCl, KNO,, and NH.Cl in 
.solutions of 0.5 to I per cent caused a few successive jerks, the contractions being more 
vigorous and closure occurring sooner with the stronger solutions. NaCI and Na,C,O. 
in the same strength acted less energetically, and it was necessary to use a 2 per cent 

· solution to produce the. same effect as was obtained with the weaker solutions of potas­
sium and ammonium salts. A 0.5 per cent solution of CaCl, produced no contractions, 
while a I per cent solution after a latent period of I5 minutes caused either partial or 
complete closure of the valves. MgC~ and MgSO., in solutions of 0.5 and I per cent, 
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inhibited contractions, and when the glochidia were allowed to remain in them they 
finally died in the expanded condition. When the Mg salts, however, were used in 
stronger solutions, closure of the valves occurred after a few s~modic contractions. 

IV. THE PARASITISM. 

ARTIFICIAL INFECTION OF FISH. 

In anv investigation ~hich attempts to ascertain the facts of most importance for 
the artifici~l propagation of a species, attention is at once directed to those points in the 
life history where wholesale de-struction of the individuals is most likely to occur. These 
points of wholesale waste are usually to be found in the earlier part of the individual's 
existence rather than during its adult life and are often preventable by artificial means. 
In common with 'other animals whid~ must overcome the chances of parasitism, the 
Unionidre produce enormous numbers of eggs, the great majority of which are by virtue 
of' the brooding habit of the female mussel carried safely through their embryonic 'period 
and discharged · as glochidia. We have not attempted to estimate the numbers of 
glochidia carried by full-grown adu1t females, but anyone who has seen the\ll taken 
from the gills knows that they must be numbered by the hundreds of thousands, or even 
millions, and had these glochidia any great chance of survival and development to the 
adult stage the supply of mussel~ would far exceed anything which has ever been known 
in nature. · ·when, however, the 'next stage of the larval history is sought for in nature, 
it becomes apparent that we have reached a point in the life cycle where the destruction 
and waste' of individuals is wholesale and probably in excess of that which occurs at any 
other stage. There is no evidence, save in the case of the species Strophitus edentulus, 
the metamorphosis of which we have discussed under another heading of this paper, 
that any one of the Utiionidre can pass beyond the glochidial stage without becoming a 
parasite upon some fish, for the failure of glochidia to develop when left in water has 
been observed by all 'investigators since Leeuwenhoek. 

The large element of chance involved in this shift from parent to fish, which has 
already been emphasized in our discussion of the glochidium, is again apparent when 
fish are examined in nature with a view to determining the abundance of the parasitic 
larvre under the conditions of natural infection, for all investigators agree that the para­
sites exist in numbers which are insignificant when compared with the masses of glochidia 
which occur in the parent mussels. Only an occasional fish is found to be infected and 
itthus becomes dear that the purely accidental nature of the infection makes nece~ry 
the production of glochidia in such abundance as to overcome by sheer force of numbers 
the chances of destruction . . Fish become infected in nature by occasional glochidia, 
but the chance that any fish will carry under natural conditions the number of glochidia 
which our experiments have shown that individual fish are capable of ca{t'ying, when 
artificially infected, is a' negligible quantity. Here, then, we have the point of greatest 
destruction in the life cycle of the Unionidre; and the point of attack for artificial propa­
gation is dear. The fish must be made to carry more glochidia. Under· experimental 
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laboratory conditions it is found that a given fish may carry successfully a load of gloehi~ · 
dia so much. in ex~ess of what the same fish would ever be likely to carry in nature that 
there is no .reason why a single fish should not be made, under the conditions of artificial 
infection, to do the work which a thousand fish perhaps could not do in the state of 
nature. This has been from the first our main point of attack, and, with this in view, 
we have studied the parasitism, first, by the infection of small lots of fish in aquaria 
and, later, by the infection of fish in larger numbers in a hatchery. Other points in the 
life cycle, as for example the stage immediately following the parasitism, may be found 
by later work to be places of wholesale destruction; we are convinced, however, that 
there can be no other where the mortality reaches such proportions as it does when the 
countless glochidia are spread upon the bottom and left to the chance that will bring 
them· in contact with the parts of a fish's body suitable for their parasitism. 

Throughout our experimental infections we have made use of small fish, usually 
those under 6 inches in length, . because such fish are mo~:e easily coliected in numbers 
and because we have not ·had proper facilities for the keeping of larger individuals. 
Wl;tere small numbers of fish are used and each individual can be carefully watched, the 
attainment ~f what may be termed an" optimum,, infection in every case may be secured 
with no great difficulty, and by f~llowing themethods practised by various investigatQrs 
ever sii)ce Braun (187'8) and Schmidt (1 885), we have obtained unlimited material 
whenever necessary. If the. glochidia are placed in shallow dishes and in water just deep 
enohgh t~ cover all p~uts of the fish, the latter will usually keep the water sufficiently 
agitat~d to insure a proper suspension'of the glochidia and tolerably constant results will 
follow. 

It is very necessary that the glochidia be so distributed in the water as to come in 
contact with the proper parts of the fish , and, in most cases, to guard against over rather 
than under infection. Active fish, such as the rock bass (Ambloplites rupestris), and the 
large-mouthed black bass (Micropierus saJmoides), are very favorable for gill infections; 
since they keep the water so well agitated that the glochidia hardly settle to the bottom 
at all, while their strong respiratory movements draw the suspended glochidia con­
tinually against the gills. With fish like the crappie (Pomoxis annularis), which when 
undisturbed move about quietly and whose respiratory movements !lore less vigorous, the 
wat~r must be stirred to keep the glochidia suspended, or be so shallow that the fish are 
always near the bo~tom. The smaller gill slit of the · crappie is another factor which 
makes for a very light infection in'fish under 2 inches in length, since the giochidia reach 
the iills by way of the mouth and not from the opposite direction. For fin infections, 
sluggish fish like the German carp (Cyprinus carpio) need little attention, and the darters 
(Etheostoma caruleum spectabile), which habitually rest upon the bottom for considerable 
periods, become quickly loaded with glochidia upon both fins and gills; although, as we 
shall see, the latter fish appears to be particularly adapted for ridding itself of the entire 
infection. · · 

In the account which follows, we ar.e discussing the results obtained from the 
infection of fish in small numbers an'd kept under careful obsen~ation in the la~ratory. 
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There is no reason for believing that larger numbers of fish would present any more 
serious difficulties than are to be expected in the keeping of any fish in large numbers 
within a restricted space; and, if one could insure as uniform and careful an infection of 
the larger numbers, we have every reason to believe that such infections would prove 
as successful as those here described. 

INFECTIONS WITH HOOKED GLOCHIDIA. 

For the infections with booked glochidia, we have used principally A nodonta cata­
racta from Falmouth, Mass., the species studied by Lillie (1895). With these we infected 
German carp under 6 inches in length and, unless otherwise stated, the following account 
refers to this combination which gives typical results. A smaller number of infections, 
made with Symphynota complanata and S. costata upon carp and other fishes, are referred 
to in a supplementary manner. The glochidia of .4. cataracta become attached in large 
numbers to the fins (fig. 19-25, pl. IX and x) and gills of the carp. They are also found 
upon the other external parts which offer the condition of a soft scaleless epithelium like 
that of the fins ; thus, the regiqn about the anus, the edge of the operculum, the lips and 
in very heavy infections, even the soft area of the ventral surface between the mouth and 
pectoral fins may become heavily loaded. Within the mouth cavity, the gill filaments 
and also the gill bars and rakers become well covered. The glochidia which attach to 
these mouth parts do not remain, for, although the fish may be carrying many of their 
fellows upon its external parts, in about one week after the infection all glochidia have 
disappeared from the gill filaments, which then become as clean as though never infected. 

· Scattered glochidia may remain upon the other internal mouth parts, for specimens are 
occasionally seen well embedded and in advanced stages of their metamorphosis, but in 
the main these parts also will become free of glochidia. 

The general distribution upon the individual fins may be seen by reference to figures 
19 to 25, plates IX and x, which show how great a proportion of the glochidia become 
attached to the fin margins. If a fish is. carefully watched, as its slight movements stir 
up .the glochidia during the infection, the latter are seen continually falling upon the 
upper faces of the pectoral and pelvic fins. They may even be collected with a pipette 
and heaped upon a motionless peCtoral fin, remaining there for some minutes without . 
more than an occasional specimen becoming attached. The margin of the fin is so much 
more favorable for attachment, that it is often thickly set with glochidia, when none are 
found upon the fin surface, and this despite the fact that glochidia must, during infection, 
strike against the surface of the fin many times for e\;ery time that one of them comes 
in contact with a fin margin. It is, therefore, the margin of the fin for which this glochi­
dium is best suited, and, once fastened there, it is almost certain to remain and become 
embedded by the growth of the host's epithelium. 

Considered in a more detailed way and with reference to the parts of the glochidium, 
we may explain this more frequent attachment to the margin as due .to the fact that 
when the glochidium strikes against any flat surface the sensory hairs are not stimulated 
and the glocbidium, which, as we have already shown in the case of the hooked forms, . 
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responds principally to tactile stimulation, does not receive the stimulus to permanent 
closure which is given by the presence of any foreign object inserted between the valves. 
When a specimen does become attached to the surface of a fin, as is sometimes the case 
(fig. 21 and 22, pl. IX, fig. 25 and 32, pl. x), it presumably gains its hold by catching 
upon one of the ridges formed by the fin rays, for the hooks could hardly be used upon a 
perfectly fiat surface. Glochidia sometimes hold to the surface of a fin by a shred of 
tissue, under which their hooks have caught, remaining there after all the neighboring 
specimens are completely overgrown (fig 25, pl. x), only to be torn off later without 
having caused any noticeable hypertrophy of the fin tissue. Figures 25 and 32, plate x, 
show that glochidia may become overgrown either flat against the surface or upon edge, 
and figure 24, plate IX, shows a young mussel leaving a surface attachment after a 
parasitism of 74 days. 

The behavior and reactions of glochidia are of course significant in connection 
with the actual attachment when once the glochidium is brought in contact with a 
suitable part of the fish's body and receives the normai stimulus to close its valves. 
The bringing of the glochidium against just that part of the fish is a matter of the chance 
distribution in the water. Hence the distribution of the glochidia to the several fins 
is determined solely by the number likely to be brought in contact with a given part 
of the body. Those fins which brush against the bottom are always the more heavily 
loaded and the numbers elsewhere depend upon the extent to which the glochidia are 
kept suspended in the water. The importance of the mucus for the glochidia of Sym­
phynota and of the larval thread for those of Anodonta and Unio in tangling the glochidia 
into masses and drawing others against the fish when a single one has become attached 
has probably been exaggerated, as explained in the section of this paper which deals with 
the function of the larval thread. 

Optimum infections, as we shall term those which are close upon the limit of the 
number of glochidia which a fish can safely bring through the metamorphosis, often 
show the glochidia very closely set one after another, as in figures 22 and 2J, plate 
IX, and figure 25, plate x, and several hundred may be safely carried by a fish 3 or 4 
inch~s in length. Prolonged exposure causes so heavy an infection of the margins 
(fig. 19 and 20, pl. IX) that the fin tissue appears unable to overgrow the mass of 
glochidia, and they then remain attached without overgrowth for a week or more. 

Figure I 9, plate IX shows how on a part of the fin having no overcrowding normal 
embedding occurred, while in the more crowded areas the glochidia were still uncovered 
even seven days after infection. In the middle upper margin of this fin it would seem 
that the overgrowth might well have taken place, for many cases like figure 25, plate x •. 
have been observed in which glochidia as closely set were properly embedded. The 
failure of overgrowth in this region is probably due to the presence immediately afteJ; 
infection of a greater number of glochidia many of which have since been detached. 
In all cases of this kind a smaller number will finally become embedded than in an 
infection where the fin has received more nearly the optimum load (fig. 2 I, 22 , 23, pl. IX, 

and fig. 25, pl. x), for the great majority drop off when the fin becomes so mutilated 
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that bacterial or fungus infection sets in. These over-infections sometimes cause such 
hypertrophy that the fins become swollen and the rays so drawn together that it is 
impossible for them to spread out normally. Often the fins are .raw and bleeding for 
some days and show red areas within where the blood vessels have become abnormal. 
The fish are likely to die from this or from the similar injury. to their gills, and these 
over-infections are unsatisfactory if one wishes to bring through their parasitism the 
maximum number of glochidia. 

The steps in the implantation of the glochidium by an overgrowth of the fish's 
tissue may be seen in figures 21 and 22, plate xx, and figure 25, plate x. Figures 21, 

plate xx, and 26, plate x, show the glochidium 3.% hours after attachment to the 
fish's fin. Most of the glochidia have bitten deep enough in from the margin to have 
a good hold for their hooks. The beginning of the hypertrophy appears as a faint 
mass of tissue, seen with its nuclei in the detailed figure 26, plate x. At the end of 
x 2 hours the overgrowth is well advanced and sometimes, as in figure 27, plate x, shows 
different stages even in neighboring glochidia. The ragged edge of the host's tissue 
rises up crater-like about the glochidium, tneeting above in a delicate mass, the nuclei 
of which are shown. Figure 22, plate IX, shows that in 24 hours most of the glocbidia 
are more' than half covered, whether upon the edge or the surface of the fins. At the 
end of 36 hours (fig. 25, pl. x) optimum infections of the carp show all the glochidia 
which have obtained a proper attachment well embedded, and from this time onward 
the only change which is visible in whole mounts is a slight increase in the opacity 
of the cyst, which renders the internal structure of the glochidium less distinct (fig. 23, 
pl. IX). Some of our infections show embedding in as short a time as 6 hours (Sym­
phynota), and Harms (1909) gives xo to 12 hours as the time which he observed in 
A nodonta, so the time given for the figures above referred to is the maximum for hooked 
glochidia which have been well located. Glochidia upon the fin surface become embed­
ded in a similar manner and are then in a very secure position (fig. 22, pl. IX, fig. 25 and 
32, pl. x). 

INFECTIONS WITH HOOKLESS GLOCHIDIA. 

Our experiments in artificial infection with hookless glochidia have been more 
extensive because this is the type of glochidium found in the species of mussels which 
are of commercial importance. Species of the genus Lampsilis (ligamentina, recta, 
anodontoides, ventricosa, subrostrata, and luteola) have been the most frequently used, 
but infections have also been made with several species of Quadrula and one of Unio. 
The list of fishes employed as hosts for hookless glochidia is also more extensive and we 
are, therefore, able to make statements which we know to be of wider application than 
those made for the hooked glochidia. 

When the same fish is used, the results for the several species of Lampsilis are 
very uniform and we can thus discuss the parasitism of this genus as a whole; but we 
do not find the same mussel giving uniform results with all species of fish. The glochidia 
of this genus have been used successfully for the infection of blue-gill sunfish (Lepomis 
pallidus), yellow perch (Perea fiavescens), crappie, large-mouth black bass, rock bass, 
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the red-spotted sunfish (Lepomis humilis), and the green sunfish (Apomotis cyanellus). 
As with the hooked glochidia, the infection!i'ha:ve ali been mad~ upon fish under 6 inches 
in length, upon which these ' glochidia rem~n in numbers only on the gill filaments, 
although during infection some may become attached to and even embedded upon fins 
and other external parts. Harms (xgo8) concludes that the''hootdess type persists in 
much greater numbers on the fuis of small than of large fish, and that the hooked type 
will survive upon the gills if large fish ~re . used. It is doubtless true that the size of 
the gills and fins is an ·importa;.t · factor in determining the place 'of attachment for 
each type, since the hookless form is better adapted for hotding to a delicate surface 
like a gill filament or a fine fin, while the hooked type seems likely to be easily tom 
from such a surface. When the hookless' form does orice beco_me established apon an 
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Flo. 2.-Roek-bass (Amblop/ilu ruJ>eslris) infected with elochidia of LamJ>silis liqa11Ufttma . About 2,500 were successfully 
carried throtlih the metamorphosis by each fish in this infection. Note the large number on the &ills. 

external part, it will develop there without Inishap, as shown by the figure of a hooked 
and a hookless glochidium developing side by side upon the margin of a fin (fig. 29, 
pl. x). Within the mouth cavity these glochidia become attached to .the gill bars and 
rakers, if these parts are covered by a sufficiently delicat~ epithelium, though they are 
always found in the greatest numbers upon the gill filaments. In most of our infec­
tions the filaments are more heavily infected toward their outer ends (fig. 43, pl. XI), 
the distribution varying somewhat with the species of fish. For example, successful 
infections of rock bass with Lampsilis ligamentin:a show abOut seven glochidia upon 
the distal third of the filament to one upon the proximal two-thirds; of large-mouth 
black bass about 3 to x., and of yellow perch about x·,U to x-differences which are 
probably due to some particular configuration of the mouth ' parts, which causes the 
glochidia to fall more upon one region of' the filaments than ' another. 
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In a fish which will carry a given glochidium successfully, over-infection of the 
gills is easily aCcomplished and .easily f~tal, although species of fish differ greatly in the 
amount of infection they are able to withstand without serious mortality. In one 
of our most successful combinations (rock bass infected with Lafn,psilis ligamentina), 
fish 4 .inches in length were estimate4 to be carrying in the neighborhood of 2,500 
glochidia, an average of more tha.ikwo for every filament of the gills and yet there was 
almost no mortality among the fish. · A rock bass from this infection is shown in text 
figure 2, wt..1ch also illustrates the distribution of the glochidia on a single fish. In 
this case the success of so heavy an infection is perhaps explained by the distribution 
of the glochidia qpori the gill filamen~s, for we found by count that there were about 
seven near the tips to one on the proximal two-thirds 9f the filament, and thus the greater 
part of every filament was left unchanged and in full functional condition, while in 
other infections (large-mouth black bass with L. liga,.entina), where a much greater 
proportion of the glochidia were upon the sides of the filaments, the mortality of the 
fish was heavy, althpugh the amount of infection was much less. A gill of the latter 
fish infected with tb~ glochidia is shown in figure 39, plate XI. The number estimated 
for this fish, which was 4 inches in length, being only 450, is less than the optimum. 

Implantation upon the filaments occurs in a manner similar to that of the booked 
glocbidia upon the external parts, but much more rapidly. Figures 35, 36, 37, and 38, 
plate xr, show the appearance at 15 minutes, 30minutes, I hour, and 3 hours, respectively, 
after infection, and .)~r observations, showing that the cyst is completed within from 2 
to 4 hours, agree with what Ha~s (1909) has found for gill infections. The prolifera­
tion will even continue after the gill has been cut from the fish and placed in a watch glass 
for observation under the microscope (fig. 54 and 55, pl. xm). An immediate result of 
the cyst formation is the obliteration of the lamellre upon either side of the gill filament, 
which thus becomes smooth and slightly swollen .in the vicinity of the glochidium (fig. 43, 
pl. xx). Figures 34 and 43, plate XI, show the general and detailed appearance of the 
cysts and the diversity in the angles at which the glochidia are attached. 

The older statement that the hooked glochidia are fin and the hookless gill parasites 
finds, therefore, confirmation from our work, although it would be better to say that the 
hooked attach most successfully to large strong margins like those of the fins, and the 
hookless to soft and fine filameqtous structures like the gills in fish . of moderate size. 
The reactions of the t~ types of glochidia to mechanical and chemical stimuli, with 
respect to the part they pl!i-Y in attachment, have already been d~ussed. 

SUSCEPTIBILITY OP PISH2S TO INP2CTION. 

The susce~tibility of different fishes to infection is a matter which has not been suffi­
ciently considered by any previous iqveStigators. We have evidence that some species 
are much less susceptible than others to one or the other type of glochidium, and that in 
these cases any conSiderable infection is an impossibility. The most striking instances 
of this are the German carp, certain minnows, and the darters. 


