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appears to have some effect, as when the an-
t e n m  were cut between the first ,and second 
segments nothing but a knot developed but 
when the cut was made between the second and 
third segments a foot was regenerated. 
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A SECOND CASE OF METAhIORPIIOSIS WITHOUT 

PARASITISM IN THE UNIONIDLE l 

THE discovery2 three years ago that the 
species Strophitus edentulus (Say) passes 
through i ts  metamorphosis in the entire ab- 
sence of parasitism placed that species in a 
unique position among fresh-water mussels. 
Since Leydig in 1866 solved the mystery as 
to the post-einbryonic development of the 
Unionids in  the discovery that the glochidia 
are parasitic on fishes, the announcement by 
Lefevre and Curtis seems to have been the 
first reported exception. 

L fevre  and Curtis3 in  their investigations 
into methods of propagation of fresh-water 
mussels found that certain species of fish 
axe mqre susceptible than others to infection 
by klochidia. I n  their operations a number of 
species of mussel mere employed, but the com- 
mercially important species were chiefly con- 
fined to members of the subfamily Lampsilii~s 
Ortmann.4 The fishes found adaptable to 
infection were the common game fish of the 
family Centrarchida. The fishes which did 
not take artificial infection were considered 
by them examples of specific immunity to 
infection by glochidia. 

Following the work of Lefevre and Curtis 
considerable effort was made to carry through 
artificial infections with mussels of the genus 
Quadrula (Rafinesque, 1820) Agassiz, a group 
economically important because of their heavy 
shells. These attempts, employing the 

1 Printcd by permission of the Conlmissioner of 
Fisheries. 

2 Lefevre and Curtis, SCIENCE, Vo1. 33, pp. 863- 
865, 1911. 

3 Bulletin of the Bureau of Fisheries, Val. 
XXX., 1910 (issued 1912). 

4 Annals of the Carnegie Museum,Vcl. VIII., 
No. 2, 1912. 

method of artificially infecting the common 
and readily obtainable game fish, met with 
little success. I n  1912 I undertooli. the inves- 
tigation of this problem. The previous nega- 
tive results seemed to indicate that suitable 
fishes were not being used. It seemed probable 
that the parasitic glochidia, lilrc other para- 
sites, might be considerably restricted as to the 
species of host to which they were adapted. 
Working upon this theory I examined con-
siderable nunlbers of fishes taken at  large, with 
a view to finding those species that were 
carrying in nature the glochidia of Quad~u la  
mussels. These studies supplemented By 
ex-perimcntation in artiticial infection con-
firmed the chief postulate of the theory, 
namely, that there does exist a decicled restric- 
tion as to species of hosts for the glochidia 
of some mussels. I n  the case of the warty- 
back mussel, Quadrula pustulosa (Lea), for 
example, I found infection restricted almost 
exclusively to the Channel catfish, Ictalurus 
punciatus (Rafine~que).~ The investigation 
of these natural infections which has been 
taken up quite extensively by Mr. T. Sur1)erG 
in the muesel investigations by the U. S. 
Bureau of Fisheries, revealed other points of 
interest. Among these was noteworthy the 
entire absence of evidence of infection by some 
commom species. Such observations for a 
given species of mussel obviously indicate 
something unusual in  the life history. One 
of the mussels for which I found no natural 
infection and for which none have been re-
ported was Anodenta irnbecillis (Say). 

During the first part of last November I 
succeeded in securing several specimens of 
this mussel. These were all gravid, as is usu- 
ally to be expected, since this species is hama-  
phroditic. Upon examining the contents of 
the marsupium of one individual I found that 
what at  first glance I had supposed were 
mature glochidia were instead juvenile mussels 
with organs developed to the stage usually 
seen a t  the end of parasitism when the young 

6 ISomard, A. D., Tra~~sactimsAmerican Fish- 
eries Society, 1912, pp. 65-'70. 

6 "Notes on the Natural Hosts of Freshwa,ter 
Mussels," Bull. Bureau of Fisheries, Vol. 22, 1912 
(issued June 28, 1913). 
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mussel escapes from its host. These young 
mussels lie crowded in the marsupial gill of 
the parent without apparently any rnatrirr or 
conglutinate structure whatever. The outer 
gills as in other Anodontas are marsupial and 
these become well distcrrcled tl~roughout their 
whole length when gravid, 

I n  regard to the breeding of this species 
Ortmann7 says it is gravid from September to 
May. Bly observations, which are rather 
limited on this point, I give below: 

-

Place a t e  Stage of Graridity1 I";;&~~;' 
- -- -- - -- 4 

Fairport, Iowa FeL. 2 1 E ~embryo~ , 
< <  L 4 May 13 1 (ilocl~idia 
(I < L May 27 1 Glochidia 

L L <  July 16 1 Glochidla 
Moline, Ill. Sept. 24 1 Not gravid 

CL I '  Boy. 7 2 Early embryos 
( 1  I 1  Nov. 7 1 Late embryos 

and giochidia 
Noo. -7 6 Juveniles 

111addition to tllcse I have found numbers 
of free juveniles not sexually mature ranging 
in length from 5 to 30 millimeters. These 
stages are remarkable for the thinness of their 
sllells and the flatness of tlie lnussel as a 
whole. Tlie tern1 "floater," of the muss~l-
fishermen, for this type of mussel is well ap- 
plied ill its use for thiq immature stage. 

The preqerlce of juveniles irr the niarsupia 
during November in a majority of the sp'cinrcrrs 
examined seelns to indicate that metamorphosis 
is probably completed in the fall. The time 
of clischarge of the yonng mussels is yet to be 
determined but the appearance of glochidia 
again in early spring would seem to indicate 
that  the juveniles escape in tlie fall or early 
winter. 

Among the six lots of marsupial juveniles 
that  1 collected the degree of developinent 
varied slightly as to amount of shdl  growth, 
otherwise there seemed to be little difference. 
This growth consists of a narrow rim only, 
around the edge of the glochiclial shell. The 
hooks of the alochidilxni are still much in evi- -
derlce but are much weaker than in parasitic 
forms. noticeable feature is the large pro- 

7 Op.  cit. 

portion of gaping shells as compared with a 
sirnilar lot of glochidia. It would seem that 
with the loss of the powerful single adductor 
mn~~sclethe action of closing is  less vigorous. 
Between tho gaping valves can be seen the 
ciliated foot, two adductor muscles, the mantle, 
on each side the gill papillz, etc., indicating a 
development cqual to  that  of other young 
Naiades a t  the end of parasitism. 

I have tested the reaction of the glochidia 
in the presence of fish and obtained strong 
evidence that  they do not respond as other 
known parasitic forms. l tatnre glochidia 
taken in  March were employed; i n  an ex-

~posure to fish for an hour they failed to give 
the usual infcciion. A few glochidia lodged 
in the mouths of the fish but no encystment 
could be detected. The fish shonred no re-
sponse. Following this test the fish were ex- 
posed for ten minutes to the glorliidia of 
N y m p h y n o t a  conzplanaLa (Barnes). These 
rgpidly became attaclic~l and the fish showed 
corr~it3crable nnensincs.; in marlced contrast 
to their iudifference in the presence of the 
other glochidia. 

Froirr tl~esc observations I think we are mar- 
ranted in coricluding that this mussel passcs 
through its ~nctarnorphosis in the entire ab- 
sence of parasitism. T l ~ e  period im~netliately 
succeeding this metamorphosis has not been 
followed but  there seems to be little rcasou for 
suspecting any parasitism liere. 

111 Rlroplr ifus cdc?rtulu.s the mussel for 
which Lefevre and Curtii; found a noii-para- 
sitic metamorphosis the arrangement of the 
gloclzidia ill the gills is very unusual as has 
been described by them and other anlhors. 
The glochidia at first and later the juveniles 
are imbedded in cords of a gelatinous semi- 
transparent substance .ivhich lie like crayons in 
a box packed in the water tubes of the mar- 
supiuni. Under natural conditions these are 
shed into the water from time to time. 
Stcrkis called these cords placente and Le-
fevre and Curtisqhave conclndcd that they 

8 "Some Obsorvstions on the Genital Organs of 
Unionidrc," ATautiltcs, Vol. 12, pp. 18-21 and 
28-32. 

9 O p .  cit. 
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have a nutritive function. The absence of a 
placenta or any matrix about the glochidia of 
Anodonta imbecillis is of interest since the 
non-existence of parasitisnl in this case is 
apparently under quite din'erent conditions 
from those governing in Stroplzitus. I have 
mentioned above the extreme lightness of the 
juvenile shells in Anodolzta ilnbecillis up  to a 
considerable size. I n  the resulting buoyancy 
we have undoubtedly a device for distribution 
of the young and thus a co~npensatory provi- 
sion for the loss of the usual means of dis- 
tribution by fishes. 

At the U. S. Fisheries Station, Fairport, 
Iowa, there are several ponds used for retain- 
ing fish seined from tlze Mississippi River. I n  
these ponds have been found a great many 
young mussels of species lino~vn to be para- 
sitic on fish and evidently introduced into the 
ponds during the parasitic stage. A concrrte 
reservoir was at  first used to supply the water 
to tlze pozids. Upon examining the bottom 
of this reservoir in 1913 the presence of 
mussels (Unionidze) mas discovered. This a t  
first seemed surprising as no fish lzad been put 
in  the reservoir, but i t  was noteyorthy that 
tliese mussels mere all of one species, ,4nodonta 
inabecillis. The explanation given for their 
presence was that owing to the lightness of 
their shells in the juvenile stage they had 
been pumped through the intake pipe from the 
river. This explanation made without the 
knowledge of the non-parasitic mc,tamorphosis 
mas undoubtedly the correct one and I give 
the incident only as an illustration of tlie 
possibilities of their distribution in  water 
currents. I t  is my opinion that the so-called 
"placenta" of Bhophitus  edentukus lias a 
similar distributing function; the cords being 
buoyant may he readily ca~r ied  by flowing 
water. I n  this case, however, the mechanism 
is quite different and thus we have izi the two 
species different devices f o r  accomplishing the 
same purpose. 

The question arises as to tho nutrition of 
these non-parasitic glochidia during the period 
of metamorphosis. Both of these species un- 
doubtedly have come from parasitic ancestors 

which received at  this stage nutriment from 
their lzosts so that one would looli for some 
provision for nutrition here. 

I have not as yet observed any such pro- 
vision in Anodonta imbccillis and I do not 
lrnom that this has been demonstrated for 
Sfropki tus .  I n  the latter case to prove a 
nutritive function fur the cords i t  would seem 
necessary to demonctrate an absorption of the 
substance of the cords by the young mussels. 
As the cords smell considerably upon leaving 
the gills such a determination is difficult. 

The discovery of so fundamental a change 
of habit, apparently derived independently by 
two lines, should give opportunity for many 
interesting comparisons; for Anodonta i m -
becillis already possessing the distinction of 
being an hermaphroditic species i t  adds an-
other eccentricity to i ts  reputation.1° 

ARTHURD. ISOWARD 
U. S. BIOLOGICALLABORATORY, 

FAIRPORT,IOTA 

LIBORATORY SOTES 

I. EMBEDDING TRAYS 

INthe laboratories of this country and 
Europe a variety of receptacles are used to 
hold the melted paraffin in embedding. Doubt-
less all of them have certain advantages and 
i t  is certain that most of them have annoying 
disadvantages. Paper trays are not, stiff 
enough for large cakes and are very lilrely to 
sticli. L-shaped bars of metal that can be 
adjusted to a variety of sizes are placed on 
glass plates. They are very liliely to leak if 
the paraffine must be kept liquid any length of 

lQSince thc x b o ~ e  R R S  v r ~ t t e nI have been able 
to secilre infections and encystn1en.t on fishes ~71th 
Alaodonlic tmbecbllls as R ell as Strop7~rltrsedcntulz~s. 
I n  the latter complete nloi amorpllosls n as observed. 
Thus for  cdenlzcltcs n e  hate indicated facnltatiro 
parasitisni while in tho other wc h m e  a persistence 
of the parasitic reactlon a t  least -when artificially 
blouglit in contact n i th  a host. Metamorphosis on 
iislles n a s  not secnred In il. rmbcoh2lis. Abundaut 
3ddltional eridence is at  hand tha t  developnlent in 
this ( ! @ ~ . ~ E c ~ E ~ L s )species nornlally proceeds without 
psrasitism. 
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