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THE MOLLUBSKS
THE UNIONIDA

During the study of Lake Maxinkuckee considerable attention
was given to the moliusks, particularly the freshwater mussels or
Unionidze. This was justified by the rapid and astonishing de-
velopment of the pearl button industry in America which is de-
pendent upon the shells of mugsels for its raw material. The
recent discovery by Lefevre and Curtis of methods whereby com-
mercially valuable species of mussels are now successfully propa-
gated artificially, adds special interest to ‘these mollusks, Recent
studies and discoveries relating to the formation and artificial pro-
duetion of pearls in freshwater mussels may also be mentioned as
showing the importance of careful study of the taxonomy and life
higtory of the Unionidz.

LAKES AND PONDS AS THE HOME OF MUSSELS

Generally speaking, lakes and ponds are not sc well suited to
the growth and development of mussels as rivers are; the species
of lake or pond mussels are comparatively few, and the individuals
usually somewhat dwarfed. Of about 84 species of mussels re-
ported for the State of Indiana, only about 24 are found in lakes,
not all of these In any one lake, and several of them but rarely in
any. Of the 24 species occasionaily found in lakes, but five ave
veported only in lakes, and only three or four of the species com~
men to both lakes and rivers seem to prefer lakes.

In rivers, the essential feature favorable to the development of
musszels is the current; and in the rivers the mussel beds reach
their best development in the riffles, where the current is strong-
est. The importance of the current to the well-being of the
mussels is indicated by the position these mollusks naturally as-
sume in the beds, the inhalent and exhalent apertures of the crea-
tures being directed up-stream against the current. The ifme
portance of the current is not merely as a bringer of food; exam-
inations show thai the mussels of the plankton-rich lakes and
ponds usually contain more food maferial than those of rivers.
The current gives the river-mussels the advantage of 2 constant
change of water, which meang a more abundant supply of oxyegen,
and doubtless a more varied supply of mineral matter, from the
various sorts of soil through which the river flows.

The current is also probably of considerable importance in as-
sisting in the fertilization of mussels, one of its functions being

(T30
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the conveyance of sperm from mussels in upper portions of the

hed to other mussels below. In places where theve is no current, gl
fertilization must be more largely a matter of chance. : !
a

Although the majerity of species of mussels prefer a river
where there is a good current, some are more fitted to the quieter o
parts of streams, or to ponds. These are chiefly thin-shelled spec-

ies with weakly developed or undeveloped hinge-teeth, best repre- ﬁ_‘
sentted by the genus Anodonie. In some places Anodontas are U_
known as pond-mussels, as distinguished from the heavier sorts or st
river-musseis. m
The distinction between lakes and rivers is not constant in de- q(
gree; we have all sorts of gradations from the extreme form of g;
lake-—isolated bodies without outlet—through lakes with relatively
large, important outlets, to such lakes as are simply expansions of i
a river-bed, examples of the latter type being Lake Pepin, Minn., of
of the upper Mississippi, and the former English Lake in Indiana, i
an expansion of the Kankakee., As a usual thing, the more fluvia- s

tile & lake is, or the larger and more river-like its outlet, the more 0
river-like will be its mussel fauna, both in abundance and species,

In such lakes the mussels retain a vital continuity with the mussel ii
beds of the river. In the less fluviatile lakes the mussels are more
isolated, and there is more inbreeding. The large number (24) fi
. of lake-dwelling species recorded for Indiana is due fo the fact that d;
some of the lakes of Indiana are more or less fluviatile, and contain ih
several species of river shells. sh
ol
ORIGIN AND CHARACTER OF THE MAXINKUCKEE MUSSELS te
) 7
’ Lake Maxinkuckee, having a long, narrow, winding and rela- fj
H tively unimportant outlet, is a representative of one of the less at
‘ fluviatile types of lakes, forming a prefty well marked contrast to (
the various lakes cited above, and bearing a pretiy close resem- et
blance to the neighboring lakes, such as Twin Lakes, Pretty Lake, o
P Bass Iake, efc. bl
[ The Maxinkuckee mussels are doubtless derived from an- fo
b ceztors bhrought up the Outlet from the Tippecanoce River by ast
cending fishes. It is deubtful whether any have been introduced o
by the numerous plants of fish in the lake, though such a thing is do
i possible. During the various times the lake was visited, a few to
Tippecance Tiver mussels were planted in the thoroughfare be-
tween the lakes, and a few Yellow River and Kankakee mussels of
were planted in the main lake. .
The Outlet of Lake Maxinkuckee is now a narrow, shallow ‘ Pl

winding stream, straighliened in places by ditching, and bordered by
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on each side by 2 flat sedgy plain which indicates the former
breadth and importance of the stream. The colonization of the
lake with mussels was probably effected chiefly during the period
when the OQutlet was a broad and relatively important stream.
The situation has been carefully considered and seems to show that

" the mussels of the river and lake are isolated from each other and

that there is no lenger any vital connection between them. The
strongest indication of the independence of the lake and river
mussel faunas is the appearance of the Maxinkuckee mussels them-
selves; these are lake-mussels, easily distinguished for the most
part from river mussels of the same gpecies, and many of them are
ditinguishable also from the mugsels of the neighboring lakes.

The Tippecanoce River is fairly well supplied with mussels. Al-
though the number of species is considerably fewer, and the size
of the individuals is generally smaller, than that of the Wabash
into which it flows, it compares very favorably with rivers of its
size. At Delong, Ind., a short distance above the mouth of the
Outlet of Lake Maxinkuckee, were obtained in one bed specimens
representing 24 species of mussels or about twice the number of
kinds found in Lake Maxinkuckee.

Our knowledge of the extent and importance of migrations of
fishes from the Tippecanoce River up to the lake and from the lake
down to the river—a guestion which has a marked bearing upon
the relationship of the mussel faunas—is not as complete as it
should be, but indications are that they are not important oy ex-
tensive. Inasmuch as the geographic distribution of a given
species of mussel is coextengive with that of the species of fish
which serves as its host, this question is worthy of careful consider-
ation. There are several species of fishes of the Tippecanoe River
{(Etheostoma canmurum, Hadropteris evides, Hybopsis amblops,
ete.) which were not found either in the Qutlet or in the lakes, and
other species (Hadropterus aspro, Evicymba buccata, Diplesion
hlennioides) which have pushed halfway up the OQutlet, but were
found no further up,

In this conneclion, the mussel fauna of the Qutlet is worthy of
consideration, and on various occasions, but especially on a trip
down the Outlet September 30, 1907, particular attention was paid
to this feature.

The Outlet is not particularly well suited to the life and growth
of mussels; the bottom is either a firm peaty soil or fine shifting
gsand; moreovey, the course has been artificially changed in some
places and the stream has naturally shortened its length in others
by making cutoifs. Tn addition to this the mussel fauna of such
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a narrow shallow stream would be the prey of muskrats, minks,
etc., the entire length and width of the beds.

On the trip mentioned above, about a mile below Lost Lake a
fine example of Loampsilis iris was found. This is the farthest up
stream any species of mussel was obtained, and as this species is
fairly common in both lakes and abundant in the Tippecanoe River,
we have here the nearsst approach to a confinuous fauna., Some
dead shells but no living examples of Quadrula undulete were
found a little farther down. Tarther down stream, from a quarter
to half a mile, a short distance above the second eross-road south of
the lake, was found a small mussel-bed of about 40 or 50 mussels,
the great majority of which were Quadrula undulate. A few Hv-
ing Lampsilis iris, two dead Symphynota compressa, one living
Symphynota costata (gravid), and a few dead shells of Quadrula
coccinen, complete the list. Below this point no mussels were
found until near where the Outlet joins the Tippecanoe. Here, a
few rods up the Outlet, a fair bed of Quadrule coccines wag found,
Of the five species of mussel found in the Outlet, only two, L. iris
and @. coccinen, are found in the lake, the latter but rarely. The
form and general appearance of the Q. undulete of the Outlet is
guite peculiar and they can be picked out at once in collections
from the various rivers of the country. They are unusually elon-
gate, in this respect representing some of the Tippecanoe mussels
but differing from them in being thinner, and in having the fur-
rows between the plice unusually deep and sharp. The costs on
the postero-dorsal slope are very marked, and the epidermis jet
black. The umbones are considerably eroded.

DISTRIBUTION OF MUSSELS IN THE LAKE

In rivers, where there is a great variety of conditions, such as
differences of current, bottom, efc., one finds the different species
of mussels inhabiting different localities and different situations.
In the lakes, where we have comparatively few species of mussels
and not such important differences of environment, the distribu-
tion of the various species is much the same. The same condi-
tions, such as rather shallow water and moderately firm botftom,
are equally suitable for all. A few important exceptions may be
noted; as for example, the less common species of the lake are often
more or less local in distribution. The only well-marked bed of
Quadrule rubiginose in the lakes is in the Lost Lake mussel-bed
below the Bardsley cotfoge, and this is the only place where Lamp-
gilte subrostrata can be colleeted in any considerable numbers.
Lompsilis glans has a marked preference for the shallow water at
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the edge of the thoroughfare between the lakes; occasional ex-
amples can, however, be picked up almost anywhere along shore,
and it appears to he increasing considerably along shore at Long
Point. Anodonta grendis footianda, which can live in softer bottom
than the other mussels, has a considerably wider digtribution, and
was dredged up in deeper water than any of the other mussels.

The mussels are to be found almost anywhere in water from
9 to 5 or 6 feet deep where the bottom is more or Jess sandy or
marly, The beds are composed chiefly of the three principal spec-
jes of the lake, Lampsilis luteola, Unio gibbosus and Anodontu
grandis footigne, with the less common species sparsely inter-
spersed. Especially good mussel beds occur at Long Point, along
shore by TFarrar’s and McDonald’s, by the Depot grounds, in
Aubeenaubee Bay ou$ from the Military Academy, and in the shal-
low water just beyond the mouth of Norris Inlet. Mussels are
fairly well scattered from Long Point more or less continuously all
the way southward to beyond Overmyer’s hill, and from a little
north of the ice-houses all the way around to the Military Academy.
They are quite abundant in the neighborhood of Winfield’s in shal-
low water, and occur scattered along the east side of the fake &
little way out from shore. A good mussel bed is found in Lost
Lake along the east shore, extending from a little south of the
Bardsley cottage to where the bulrushes and water-lilies grow
thickly in the soft black muck near shore.

Movements —Closely connected with the question of distribu-
tion is that of movement. The greater number of mussels of the
lake, especially in the deeper water, gpend their lives in a state of
guiescence. Young mussels appear to be more active than older
ones. The mussels retain the power of locomotion during 31l their
lives, but after they have got well settled down, they only occa-
sionally use this power. The mussels of the shallow water near
shore move out into deeper water at the approach of cold weather,
in late gutumn or early winter, and bury themselves more deeply
in the sand. This movement is rather irregular and was not ob-
served every vear. It was strikingly manifest in the late autumn
of 1613, when at one of the piers off Long Point a large number of
furrows was observed heading straight into deep water with a
mussel at the outer end of each. The retwn of the mussels to
shore during the spring and summer was not observed. Many of
them are probably washed shoveward by strong waves of the spring
and summey storms, and some are carried shoreward by muskrats
and dvopped theve. Occasional mussels were observed moving
about in midwinter-—even in rather deep water. Duving the
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winter of 1900-1901 an example of Lampsilis futeolu, in rather
deep water in the vicinity of Winfield's, was observed to have
maoved sbout 18 inches within a few days.  Its track could be dis-
tinctly seen through the clear ice.

As a result of the guiescence of the lake mussels, the posterior
half or 1 of the shell, which projects up from the lake bottom, is
usually covered by a thick marly concrefion which appears fo be
a mixture of minute alge and lime. This marly concretion grows
concentrically, forming rounded nodules, its development increas-
ing with the age and size of the shell. This conéretion, though
most abundant on shells, is not confined entirely to them, but grows
alzo on rocks that have lain undisturbed on the botfom. When
growing on shells, it adheres to them very closely; and upon being
pried loose sometimes separates from them much as the matrix
separates from a fossil, and leaves the epidermis of the mussel
clean. In other cases it adheres more firmly and is difficult fo
serape off clean. On this marly growth, colonies of Ophrydium,
much the size, color, and general appearance of grapes with the
skins removed, are often found growing, and in the cavities and
interstices of the marl, a handscme little water-beetle, Stenelmis
unduieius Blatchley, and its pecullar elongate black larve, live in
considerable numbers but apparently have nothing to do with the
mussels.  Various species of hydrachnids, one of them strikingly
handsome with its green body sprinkled with bright red dots, also
live in the cavities of the marl, and offer some suggestion as to
how the parasitic mife Ataxr went a step farther and took up its
habitation within the mussel itself.

Food and feeding:—An examination of the stomach and in-
testinal contents of the various species of mussels of the lake
showed no noticeable differences between the food of the different
species.  Enough of the botfom mud is generally present to give
the food mass the color of the bottom on which the mussels are
found; thus the stomach-contents of the mussels found in the
black bottom of Lost Lake was usually blackish, while that of
those found in the highter bottom at Long Point was grayish. In-
termixed, however, with the whole mass was always enough algs
to give it & somewhat greenish tinge, this green being usually inter-
mixed more or less in the form of flakes. A striking contrast be-
tween the stomach contents of mussels inhabiting lakes and those
found in rivers is the much greater preponderance of organic mat-
ter in the food of the lake mussels. The stomach contents of river-
mussels is generally chiefly mud, with a few diatoms, desmids,
Seenedesmus and Pediastrum intermixed, as said above, Those of
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the lake mussels are almost always full enough of algee to be more
or less flecked with green and sometimes the whele mass is de-
cidedly greenish. On being placed in a vial of preserving fluid
(30 formalin was generally used) and shaken, the material from
the river mussels alwavs retains the uniform appearance of mud;
that from the lake mussels separates, the mud gettling to the bot-
tomr and the organic material settling as a light flocculent mass
above the more solid portien. This top layer is composad of the
various plankton elements of the lake, and was found fo vary con-
siderably in diffevent lakes. In the Lake Maxinkueckee mussels it
was found to consist chiefly of such species as Microcystis @erigi-
nose, Botryococeus braunii, Coelosphaerium kuetzingionun, various
diatoms, such as species of Navicula, Rhoicosphenia, Gomphonemda,
(yclotella, and Cocconema, various forms of desmids, especially
Cosmarium and Stawrastrum, various forms of Scenedesmas, con-
siderable Peridintum teblulotun, and short filaments of Lyngbya.
Pedinstrumn, both boryanam and duplex are heve, as almost eveyry-
where, rather common objects encountered in the intestines of
mussels. Casts of the votifier Awrcea cochiewris, and of the small
entomostracan Chydorus, were occasionally encountered. In one of
the Lost Lalke mussels, Dinobryon, an exceedingly frequent ele-
ment of the mussel-food in Lake Amelia, Minn., but rare here, was
found. '

No opportunities were had to study the stomach contents during
the winter, the mussel work having not been taken up to any great
extent during the earlier part of the survey. Mussels ‘obtained
quite late in the autumn contained much the same material as in
suymmer. The open and apparently active inhalent and exhalent
apertures noted throughout the winter in some individuals would
indicate that the mussels—at least some of them-—do not hiber-
nate, but carry on life processes more or less actively the year
round. The presence of prefty well marked erowth-rings would
indicate, however, annual rest periods. As diatoms appeax to be
much more abundant in the water during the winter, it is probable
that they enter move plentifully into the mussel’s bill-of-fare dur-
ing the late autumn, winter and early spring than during the sum-
mer. In consideration of the mussels as feeders on plankton ele-
ments, it is worth while to Investigate whether these are not of
henefit to the lake ag the reducers of excessive amounts of such
undesirable clements as- Lyngbd o, Anabaena and Microeystis, and
whether a considerable increase in the mussel population by means
of artificial propagation would not elear up the ke to a consider-
able extent. The following studies of stomach contents and table
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of mussel food are by ne means exhaustive, but represent hurried
examinations and a record of the more easily recognized forms
out of a mass of doubtful material. They are intended to be simply
sugpestive.

Closely connected with the question of food and nutrition is that
of the size of mussels. A marked feature of the mussels of Lake
Maxinkuckee as well as of the neighboring lakes, is the dwarfing
of many of the species, and this is rather difficult to explain, when
one considers the large amount of organic material they ingest.
The mussels of a few northern lakes examined were thick-shellad
and large, so this dwarfness may not be necessarily associated with
lake conditions, that is, absence of current. A possible explana-
tion is that of close inbreeding, theve being no admixture of new
blood with other distant colonies, such as is possible where the lake
is in close connection with a large river and its mussel beds.

Breeding habifs, reproduction, ete.;—The reference to inbreed-

ing above leads to a consideration of breeding and breeding habits.

At first glance it would appear that lakes, having no or only feeble
currents would make fertilization of the ova of the female mussels
largely a question of chance. It is not possible, with the data at
hand, to make precise comparisons between number of gravid fe-
males of the mussels of lakes and rivers during the proper seasons;
but the general impression gained from having examined the mus-
sels of numerous lakes and rivers through the different seasons is
that there arve fewer of the mussels of the lake that succeed in hav-
ing their ova fertilized. Gravid mussels ave indeed not rare in the
lake at the proper seascns, but they seem to be much fewer than
one might expect. On October 17, 1907, for example, of 252
Lompsilis luteole examined, 41 were of the characterictic female
form but only 25 were gravid. Likewise of 18 Anodontas exam-
ined on the same date, cnly 2 were gravid. This is a considerably
lower percentage than one would expect in rivers at that date.
There are other indications that the Tunctions of reproduction are
much less prominent in the lake than in rivers. In the hei ght of
the spawning season cerfain species of mussels, especially Lamp-
silis wenlricose and L. multiradicte, exhibit, in the neighhoring
rivers, a very striking appearance, due to the excessive develon-
ment and high coloration of portions of the mantle near the inhalent
aperture. Though both these species arve found in the lake, none
was observed in this condition. In some rivers in densely crowded
beds, moreover, one frequently encounters precocious individuals;
small shells, usually apparently only two or three vears old but
gravid and with the characteristic female contour markedly de-
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veloped. This is possibly related to opportunities of fertilization
of ova, and is most frequently observed in L. ventricosa and L.
luteole; no such precociously developed mussels were found in the
lakes. ) :

A large and well developed female Lampsilis ventricosq was
transplanted from Yellow River into Lake Maxinkuckee. On
being examined two years Iater in the autumn when this species
is usually gravid, it was found to be sterile.

The natural infection of fishes of the lake with the glochidia of
the mussels does not anpear to be common. The gills of an im-
mense number of fishes were examined for parasites, but no
glochidia were noted. Some young bluegill and redeye, exposed
to giochidia of L. lteoln in the autumn of 1912, took very readily.

Very young mussels were either few, or very difficuit to find.
Diligent search was made for them, especially in the sandy bottom
near Long Point, the sand being scooped up and sieved through
fine-meshed sieves, Numerous and varied forms of life were thus
obtained, such as Spheerium, Pisidiwm, caddis-cases, ete, and
rather small but by no means minute examples of L. lufeolq.
These young shells were remarkably brightly rayed. Half-grown
. rubiginosa were fairly common in the beds of Lost Lake.

Proportion of verious species in the lake:—Of a collection of
340 living mussels collected October 17, 1907, at Long Point, 252
were Lampsilis luteola, 41 L. ventricosa, 21 Unio gibbosus, 18
Anocdonta grondis footicna, b Strophitus edentulus and 8 Lowmp-
silis subrostrate. In deep water U. gibbosus and Anodonta would
have given a higher percentage, and in the Lost Lake beds Quud-
rule rubiginose would be present in considerable relative abund-
ance. ‘

Purasites, enemies, ond diseases:—As a general rule the mus-
sels of lakes, ponds and bayvous are more heavily infested with
parasites than those of swiftly flowing rivers, the probable rea-
son being that in still waters the parasites can migrate more
easily from one mussel to another than where there is a swift cur-
rent. The mussels of the lake are not nearly so badly parasitized
as those of the sloughs of the Mississippi, the dead water in the
Mauwmee above the dams, or those of Twin Lakes a few miles to the
north. The parasites will be taken up more fully in consideration
of the various species of mussels. Cofylospis ingignis and several
specles of Afex ave the most common parasites. Unlike the mus-
sels of most of our rvivers, the mussels of the lakes ave compara-
tively exempt from the ravages of man. A few are killed and
used for bait, and now and then a mild case of pearl fever ap-

1—17318--Vol, 2
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pears at the lake but is soon cured by the examination of a bushel
or two of mussels. On September 22, 1907, a man was seen at
the south end of the lake with about a peck of shells which he had
opened In a vain search for pearis; on October 8 of the same year
a pile of about a half bushel of shells, which had evidenily been
opened by peaviers, wag found in Overmyer's woods. Another
pearler was seen in 1907 who had collected a few slugs of almost
no value.,  One of the citizens of Culver, in 1806, submitted a small
vial of lake baroques for valuation, but they had no worth what-
aever, The greatest enemy of the lake mussels iz the muskrat, and
its depredations are for the most part confined to mussels near
shore, The muskrat does not usually begin ifs mussel diet until
rather late autumn, when much of the succulent vegetation upon
which it feeds has been cut down by frost. Some autumns, how-
ever, they begin much earlier than others; a scarcity of vegeta-
tion or an abundance of old muskrats may have much to do with
this. The rodent usually chooses for ifs feeding grounds some ob-
ject projecting out above the water, such as a pler or the top of
a fallen tree. Near or under such abjects one occasionally finds
large piles of shells. The muskrat apparently has no especial pref-
erence for one gpecies of mussel above another, but naturally sub-
sists most freely on the most abundant species. These shell piles
are excellent places to search for the rarer shells of the lake.

On September 24, 1807, about a bushel of shells, recently
cleaned out by muskrats, was found at Long Point where a pier
had been removed not long before. The shells were all of rather
small size and were in about 18 inches of water. About half were
taken and examined. Of these shells 358 were Lamgpsilis luteola,
167 Uwio giblbosus, 6 Lampsilis iris, and 1 Lampsilis multiradicic.
In the autumn of 1913 freshly opened shells of Lampsilis glans
were common along shove at Long Point. The first shells killed
ave rather small and are probably killed by voung muskrats.

In the winter after the lake is {rozen, great cracks through the
ice extend out from shore in various directions, and this enables
the muskrat to extend his depredations some distance from shore
in definite limited dirvections. During the winter of 1904 a musk-
rat was observed feeding on mussels along the broad ice-crack that
extended from the end of Long Point northeastward across the
lake, The muskrat was about 500 feet from shore. It repeatedly
dived from the edge of the ice-crack, and reappeared with a mussel
In its mouth. Upen reaching the surface with its catch, it sat
down on ite haunches at the edge of the creek, and, holding the
mussel in its front feet, pried the valveg apart with its teeth and
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scooped or licked out the contents of the ghell.  Some of the larger
mussels were too strong for it to open, and a part of these were
left lying on the ice. The bottom of the lake near Long Point,
-and also over by Norris's, is well paved with shells that have been
killed by muskrats. Muskrats do not seem to relish the gills of
gravid mussels; these parts are occasionally found untouched
where the animal had been feeding. :

LIST OF SPECIES
1. FLAT NIGGERHEAD
QUADRULA COCCINEA (Conrad)

Rare at the lake; this is a river rather than a lake shell and
would be expected in abundance only in fluviatile lakes, or lakes
with broad short outlets and vital connection with river faunas.
The few living mussels of this species found in the lake probably
represent a vanishing remnant of a fauna introduced when the
lake had a broader cutlet than at present and communication with
the river below was more active, A few dead shells were found
along the north shore of the lake at various times. On October 25,
1907, a shell 1.75 inches long was found near the railroad bridge at
Culver, and in 1909 another small shell was found on the shore at
Aunbeenaubee Bay. Some fine large examples brought up from the
Tippecance were pianted in the Thoroughfare below the railroad
bridge, but they have probably been covered and suffocated by
sand.

2. WABASH PIG-TOE

QUADRULA RUBIGINOSA (Lea)

More common in Lake Maxinkuckee than @, coceineq, but nev-
ertheless rather rare, only a few dwarfed shells having been
found. In Lost Lake below the Bardsley cottage it was a fairly
cofnmon species. None of the shells found was of large size, but
all were well-formed and handsome. The older shells are almost
jet black and peculiarly elongate, with the umbones markedly an-
terioy in position. They look considerably unlike those of either
the Tippecance or Yellow River, but a form much like the Lost
L.ake shells was found in the lower course of the Kankakee. No
gravid examples were found in the lake. Half grown examples
are rather common in Lost Lake beds, buf as they arve usually
buried considerably deeper in the sand than the older shells, they
are harder to find. These half-grown shelis are of a peculiarly
beautiful golden yellow color with a satiny epidermis, and arve
of the same shape as those found in the neighboring rivers.
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that is, the normal or usual shape of the species. The peculiar
elongate form of the adult is therefore evidently the product of
local influences. The young shells are very iridescent and trans-
lucent——much more so than those found in rivers.

Q. rubiginose is at its best a very £air button shell, but the
lake shells are too small to work up well. Thig species appears to
he rather rarve in lakes. The only lake examples of this species
with which the Lost Lake shells were compared were some obtained
in Lake Erie. The Lake Erie shells were much more dwarfed, but
very solid.

Food:—The following is the result of an examination of the
material found in the intestines of Q. rubiginose from Lost Lake:

Sample 1. August 2, 1908, Mass fine flocculent rather brown-
ish green material, cohering somewhat in cylinders. Looks as if
chiefly organic; not gritty to touch. Organisms present: Scen-
edesmus, Fragilerie, Telraédron, Navicula, Peridintum tabulatum,
Anuraen, and Bolryococtus hygunit.

Sample 2. August 20, 1908. A large amount of material; ap-
pearance in vial, bottom black, top a fine flocculent sediment. In
the top material are Teraédron, Seenedesmus, Microcystis nerug-
inosa, and many disassociated minute cells, Black boftom com-
posed of Anuraca, Lyngbya aestuarii, a long filament; Scenedes-
mas, many, Peridiniuwm tebulatum, Tetraddron, Epithemia turgida,
Merismopedia, cast of Cyclops, Melogira crenulata, Gloeocapsa,
Staurastrim, Pediastrum boryaniim, Gomphonema, Choetophora,
Cosmarium, sponge spicule, Gomphosphaeria aponing, and Botry-
orocens hraundd.

Yample 3. Aungust 20, 1808. A smell amount of flocculent
brownish material.

Microcystis aeruginesa, Peridinim tabuletum many and a good
many empty cuirasses, Chydorus, Eudoring a few, Scenedesmus
commoen ; Diatoms, Pediastrum duplex.

Sample 4. August 20, 1908 Fine blue-green flocculent ma-
terial. Lyngbye aestuarii, several filaments; Microeystis aerug-
inosa, common; Coelosphaerivm et zingionum, Peridinium tabu-
lotum, very abundant; Chydorus, Anureed, Boiryococcus braunti,
Coelustrum, Steuwrastrum 1, small, Ngvacule, several.

Sample 5. August 20, 1908 Fine bluigh-green material.
Peridinium tabulatum, abundant; Cymbello eymbiformis, Navi-
cula, a few; Anuraes cochlearis, Microcystis aeruginosa, Chydorus
1 entire, and other fragments; Pediastrum duplex, Coelosphoeriun
Luetzingionum, Cosmarium, CCoseinodiscus, Scenedesimus, Very
CONMON ; Merismopedia glavca. '

a1

7
71
¢
7
M

tr T

bl embe PR e ek




; ap-
In
UG-
com- -
2 es-
gida,
108G,
haorda,
otry-

ulent

good
ISTAUS

T oma-
erug-
fabi-
qanit,

rerial.
Naari-
relloriLs
AT

very

Lake Maxinkuckee, Physical and Biological Survey 53

Sample 6. August 20, 1908. A small amount of flocculent
grayish material. .

Peridinium tabulatuwm, abundant, agglutinated in masses; Mic-
pocysts Gernginose, Very Comimon; Nawvicule, Stouwrastrum, Cos-
marium, several; Chydorus, fragment; Scenedesmus, small forms,
common ; Pediastrum boryawim, Cymbella eymbiformis, Tetreéd-
ron, common; various diatoms; Rotifer, an elongate species;
Merismopedia glouen; Coclastrum, desmids.

9ample 7. August 21, 1908, A small amount of rather co-
herent fine flocculent greenish material,

Peridinium tobulatum, very common; Anurced cochlearis, a
few: Microcystis aeruginose, frequent; Lyngbya aestuarii, short
filament: Pedianstrum boryanwm, diatoms (Cymbelle  cymbi-
formis; Cymaboplewre; Epithemia argus, Gomphonema, Synedra)
Tetraédron, Scenedesmus, occasional; Dinobryon, Staurastrum,
rather slender form.

Sample 8. August 20, 1908. A small amount of flocculent
bluish-gray material.

Peridinium tebulatum, most abundant; Coelosphaerium kuetz-
ingianwm; Pediastrum duplex; Microcystis geruginosa, Anuraeq
cochlearis, sponge spicule, diatoms (Navicula, Cymbella, etc.),
Scenedesmus. ,

Sample 9. August 20, 1908; a fair amount of flocculent gray-
ish-brown material with 2 greenish cast.

Pevidimiwm tobulatum, most abundant; Microcystis aeruginosa,
Anuraeq cochlearis, Stovrastrum, Pedigstrum duplex, Botryococ-
cus braunii; Tetraédron minimum, Coelosphaerium kuetzing-
domum,; Pediastrumi boryenum, Chydorus, Lyngbye aestuari,
Gloeocapsa, diatoms—Cymbelln cymbiformis, Noviculo. '

3. SPIKKE
UNEQ GIBBOSUS Barnes

This mussel, known among clammers as the “spike” or “lady-
finger” is, next to Lempsilis luteole, the most abundant shell in
the lake. It is found wherever the other mussels are; that is, in
sandy or somewhat marly bettom in rather shallow water most of
the way around the lake, and in the shell-bed in Lost Lake below
Barvdsley’s. In Lake Maxinkuckee one of the best beds is at Long
Point. It is abundant alse at Norvis Inlet, and by McDonald's
and Farrar's. :

No very young of this species were found in the lake; they are,
howéver, hard to find in numbers anywhere, even in rivers where
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the species is abundant, except in cases where portions of the river
go almost dry, and this of course never happens to the beds in the
lake. The half-grown examples are solid, rather cylindrical shells,
the same neat form that is known as the “spike” among the clam-
mers.  The old shells develop into a peculiar form, being Hatiened,
arcuate along the ventral horder and very thin posteriorly, so that
they usually crack badly in drying; they represent the form de-
scribed by Simpson as var. delicate. In general outline they re-
mind one somewhat of Margaritana monodonta. Thig form is not
strictly confined to the lake; some similar shells were collected in
the Wabash near Terre Haute.

As found in the lake, Unio gilbbosus is very constant in its char-
acters, the only noteworthy difference between individuals being
the change in shape already referred to as being due to age. In
rivers this sheil exhibits considerable variation in shape, size, color
of nacre, ete., but the shells of the lake are quife constant in almost
every respect.  The nacre is a deep purple, never varying to pink
or white as it frequently does in rivers. .

- Like Lampsilis luteolu this species is frequently preyed upon by
muskrats and the cleaned out shells are common where these ro-
dents have had their feasts.

Although U. gibbosus of the Tippecance River near the mouth
of the Qutlet is very commonly infested with a distomid parasite
along the hinge-line which brings about the formation of irregular
baroques, this parasite does not oceur in the iake so far as known.
Small species of Afex arve common parasites of this species in the
lake, and in 1909 one was Tound affected by the large Atax ingens.

Even the large strong river shells of ['nis gibbosus have no
value in the manufacture of buttoms because of their purple eolor
and lack of luster. (The white-nacred shells are sometimes used.)

The only other Jake examples with which the Lalke Maxinkuckee
specimens of this epecies have been compared, are some collected in
Lake Erie at Put-in-Bay. The Lake Erie shells are much unlike
the Maxinkuckee specimens, being short, humped and remarlkably
solid and heavy., Similar shells to those of Lake Erie are found in’
some of the small southein rivers, .

We have no notes veferving to gravid examples in the lake.
This was probably because the most active work in collecting and
examining mussels was carried on in the autumn, and the breeding
period cof this speeies is In early summer.
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4. ALASMIDONTA CALUEOQLUS (Lew:

Judging from the dead shells found scatfered along shore, this
is not a particularly rave species in the lake. The shells were
found most abundantly along the north shore of the lake, although
they were also found along the east and southeast portion and were
not infrequent between Avlington and Long Point. No living
examples were found, On account of its small size and its habits
this is a rather difficult species to find, even where conumon, ex-
cept under favorable conditions such as exceptionally low waler,
when the mussels move about more or less.  Nothing was therefore
learned of its habits in the lake. In the Tippecanoe River near De-
long, Ind., this species was rather common in stiff blue clay near
shore, and it is fairly abundant in Yellow River at Plymouth.
Here, although the dead shells were common, the living exampleg
were difficult to find until, during a period of very low water, they
began actively moving about and could be tracked down. The
species, which reaches an unusually large size in Yellow River, was
there found gravid in autumn (September and October). The
glochidia are of the Anodonta type, chestnut-shaped or rounded-
triangular in outline, with large hooks at the ventral tips of the
valves.

5. FLOATER

ANODONTA GRANDIS FOOTIANA Lea

Although the genus Anodonia is generally regarded as the
“Pond-mussel” par ezcellence, the species of which might natur-
ally be expected to be at home in lakes and ponds and thrive in
such places even better than in rivers, the Anodontas of Lake Max-
inkuckee show, along with the river-species proper, the dwarfing
influence of the lake. Moreover, Anodonta is not, as one might
naturally expect, the most abundant mussel in the lake, but 1s out-
numbered in some beds at least, by both Lempsilis luteols and
Unio gibbosus, Its relative scarcity in some of the shore beds is
in part made up by its wider distribution in the deeper waters of
the lake than the others reach, and on its presence on the isolated
bars, where it was occasionally taken up by the dredge.

On account of the great variability of dnedonta grandis and
the difficulty in distinguishing the various forms, particular atten-
tion was paid to this species as found in the lake, and the lake
specimens were compared with numerous examples from the neigh-
horing lakes and river. No Anodontas were found in the Tippe-
conoe Rivey near Lake Maxinkuckee Outlet, and we were theveforve
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unable to compare our lake specimens with the form that would be
most interesting in this connection,

The mussels of Tippecanoe Lake at the head of Tippecance
River were examined in this connection. Blatchley (Indiana
GGeological Report for 1900, p. 1%0) has reported Anodonta
grondis as comumon, and the subspecies fooliona as frequent in
Tippecanoe Lake. The Anodontas of that lake differ markedly
both in the size and shape of the individuals from those of Lake
Maxinkuckee. The difference in size can be easily explained by
the more favorable conditions in Tippecance Lake. This body of
water is more fluviatile than Lake Maxinkuckee, being directly con-
nected with the Tippecanoe River, which is already a fairly large
stream when it leaves the lake, and the mussel beds of the lake
and river are continuous. The upper part of Tippecanoe Lake is
exceptionally favorable for Anodontas; the living mussels are large
and abundant, and the dead shells almost pave the hottom near
shore, several dead shells often being telescoped within each
other. Some of the shelis reached & size not often surpassed in
the neighboring rivers, one example measuring 172.5 mm. long,
95 mm. high and 65 mm. in diameter. A few were thickened with
a tendency to form half pearls, but most were thin., A number
of the shells approachoed Anodonta corpulenta in general form,
and one fiattened, rounded shell resembled A. suborbiculata. The
Anodontas from other Iakes of the Tippecanoe River system, such
as Center Lake and Eagle Lake near Warsaw, resembled those of
Lake Maxinkuckes, but were generally smaller and shorter.

The Anodentas of Lake Maxinkuckee were also compared with
those of Yellow River a few miles to the north, and with the various
lakes of the Kankakee system, including Upper Fish Lake, Lake
of the Woods (Marshall Co), Pretty Lake, Twin Lakes, Bass Lake
and Cedar Leke., Scme of the Yellow River Anodontas were nor-
mal, oval shells such as are common in the rivers of northern In-
diana; a few were exceptionally thin and exceedingly inflated, re-
sembling A. corpulenta. Those of Upper Fish Lake—originally a
fluviatile lake containing other fluviatile shells such ag Q. wndulate
—were large shells like those of Tippecanoe Lake. The Anodontas
of each of the other lakes differed more or lesz from those of the
others, though all probably had a common origin.  The only lake
of this group, the Ancdontas of which closely rezembled those of
Lake Maxinkuckee, is Bass Lake, and even here the shells were
somewhat different, being smaller and with the epidermis more
deeply stained. FEven the Anodontas of Lost Lake differ slightly
from those of Lake Maxinkuckee, being somewhat more inflated
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and with the epidermis rather green than brown, and in having
the shell usually somewhat thinner. Some of the shells near the
outlet of Lost Lake are excecdingly thin, some of them so much
s0 that ordinary print can easily be read through them; they are
so fragile that it is almost impossible to keep them.

Of the collection from Lake Maxinkuckee, mostly from Long
Point, 26 examples were cavefully compared. The smallest meas-
ured 68 mm. long, 38 min. high and 24.6 mm. in diameter, and the
largest 93.5 mm. long, 50 mm. high and 27 mm. in diameter.
Among variant forms was one female, gravid when collected,
which was unusually elongate, its measurements being 86 mm.
long, 43.5 mm. high and 32.5 mm. in diameter. In outline this
shell closely vesembled Awodonfoides Ferussaciomus subeylin-
draceus,

Some of the larger specimensg are rather humped and arcuate,
the ventral margin of one being somewhat concave. This Is a
variafion which is guite likely to oceur in old shells of any species.

Alhough gravid Anodontas were found rather frequently dur-
ing the late autumn, no infected fishes were seen, and no young
were found.

The Anodontas of the lake are fairly free from parasifes, a few
Atar and Cotylaspis and occasionally a few distomids on the mantle
next to the umbonal cavity being the only ones present in any
numbers., In szome of the other lakes the Anodontas were very
hadly infested; a colony found in one of the Twin Lakes being
infested to a remarkable degree by a distomid which formed eysts
in the margin of the mantle.

Food and Parasites of various examples:—The following is the
result of the examination of various examples of Anodontas from
the lake.

Sample 10, Vial containing intestinal contents of Anodonia
grandis footiuna, Lost Lake, Sept. 7, 1908, The vial contains a
considerable amount of material (in formahn} which was sepa-
rated into black fine mud below and fine flocculent light green
above. Upper portion—3Microcystis aeruginose most common;
Peridinsum  tabulotion some; Pedianstrum boryonuwm; Melosira
erenulata, a few filaments; Coelastrum microporum, Botryococeus
braunic and Scenedesmas., Bottom layer—ZLymgbya  cesluarii,
Micvocystis aeruginose very common; Peridiniim tabulatum,
Anurcea cochlearis, Cymbella cymbiformis and Navicula.

Yample 11. Food of Anodonta grandis footiana, Lake Maxin-
kuckee, near Norris Inlet, Aug. 20, 1208. A good mass of floc-
culent fine green material; no mud.
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Microcystis aeruginuse most common, Melosive filament, Oscil-
latorie, short fAlament; Anwrcew cochlearis several; Cymbelin
cymbiformis: Gomphosphaeria aponing; Pevidindum fabuletum;
Coclogphaerivn  kuelzingionwm, Lyngbya  cestuarit, Eptthemin
argus. Chydorug, and what appears to be fragments of Ceratinin
Rirusndinella,

Sample 12. Anodonta grandis footiome, near Norvis Inlet,
Lake Maxinkuckee, Aug. 20, 1408; a small mass of flocculent blue
material.

Mierocystis aervginese most abundant; Lyngbye aestuort,
Melosira, Epithemia. Anureee cochlearis, Pediastrum boryoenum,
Cosmorium mtermedium and a few others, Staurastrum, Spiruling
and Pediastrum duplex.

Sample 18, Anodonie grandis footiana, 97 mm. long. IEdge
of Lake Maxinkuckee east of Norris Inlet, Aug, 29, 1908,

Paragiteg, 9 Atax, free among gills, Mussels gravid, with ante-
rior end of shell indented and with some brown spots on the nacre.
Food mass fine golden brown, abundant in guantity, containing
Anureed cochlenris many ; Microcystis aeruginose mosi_abundant
element; Lyngbya cestuarii freguent; Scenedesmus, a few; Botry-
ococens braumis frequent, Cymbella cymbiformis; Stourastrum,
Nawvicnla; Fragiiorie: Chydorus, a few; Coelogphaerium kuetz-
mgranum; the diatoms are nof abundant,

Sample 14. Anodonie grendis fooligne apparvently old, 20 mm.
Jong, near Norris Inlet, Lake Maxinkuckee, Ind.,, Aug. 29, 1908,
the shell stained somewhat brown inside, with one steel-blue stain
on the right valve anteriorly.

Parasites; Atax 7, large, full of eggs, one small, one very small,
these all free among the gills; Cotylaspis tnsignis 1, in axil of gill,

Food abpndant; Microcystis aeruginosa abundant, Lyngbyce
aestuarst common, Pediastrum duplex, Botryococeus Draunid, a few;
Cosmorinm,; Anuraee cochlenris several; Secenedesmus; Ankistro-
degimitg, and many diatoms, among which are Cocconeis pedicilus,
Melogiva, Gomphonema, Noviewla, Epithemia furgide, ete.

Sample 15, Anodonta grandis footicne, 101 mm. long, Lake
Maxinkuckee, near shore, by Norris Inlet, Aug. 29, 1908,

Parasites, 5 Atfax, fiee in gills, some full of egygs, 2 smaller in
size, larval Afax (black) scattered in gills. Cotfylaspis imsignis 2,
axil of inner gill,

A large amount of food material in intestines, very fine, of 2
vellowish-brown color.

Micreeystis aeruginosa, Anwraen cochlearis, Lyngbya aestuari,
Botryococcus brounit, Coclosphaerium kuetzingianum, Cosmarium,
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Navicule, an elongate form, Cymbella cymbiformis, Pediastrum
duplex, P, boryamon; red cysts apnarently of Peridintum.

Sample 18, Anodonte grandis footiong, 90 mm. long, sandy
bottom of Lake Maxinkuckee near Norris Inlet. Aug. 28, 1908,
Mussel gravid, Parasites, Afax, 3, free among gills, Afax embryos
scatlered through gills.

Food material scarce, fine golden brewn in mass, consisting of
Microcystis weruginose abundant; Coelosphaerium kuetzingionum
abundant, Lyngbya aectuarii, a few filaments; Anuraca cochlearis
and another rotifer; Botryococeus braunii; Sorasirum, Coelastrm,
Secenedesmas, Pediastrum duplex, Navicida several, Melosire tabu-
lata, Synedra, Fpithemio twrgida, Ciymbelln cymbiformis, other
small diatoms rather numerous; Cosmartum, a few.

Sample 17,  Anodonta grandis footiuna, 98 mm. long. Sandy
bottom of Lake Maxinkuckee near Norris Inlet, Aug. 28, 1908,
Mussel pravid. Parasites, 1 Afaz, free among gills. Intestines al-
most emply, Microcysts aervginose one of most abundant ele-
ments, Lyngbya aestuarii, Coelosphaeriiwm kuetzingianum, Botry-
ceocens braunii; Cosmarinm, Pediastrum, Cocconeis pediculus,
Fpithemin turgide; Navieula, (1 actively moving) Gomphonemy,
Melosira tabulata, Anuraee cochlearis, Chydorus.

Sample 18. Anodonte grondis fooltiana, 95 mm. long, Lake
Maxinkuckee near Norris Inlet, Aug. 28, 1508, Mussel gravid.
Parasites, 6 Atax free among gills, one a minute red species. Many
young Aiax embryos in Inner side of mantle, not in gills.

Food material golden brown with some green intermixed, very
fine. Microcyslis aeruginosa, common; Lyngbya cestuarii, o few
flaments; Coelosphaeriwm kuetzingionum; Bolryococous broundd;
Pedigstrum duplex; Anuroea cochlearis a few; Epithemia turgida;
Navieule, common; Cymbelln eymbiformis; Cocconeis pediculus,
several; Cosmarium,; Chydorus.

Sample 19. Adnodonfe grendis footiona, Lake Maxinkuckes,
near Winfield’s. Mussel gravid. Parasites, young Atax in gills;
distomids on mantle; {(a slug pear! near hinge.)

Food: Botryococcus braunil; Mierocystis aerugimose; Lyngbya
agestuaril, Coelosphaerivon  kuetzingiaonwm, Pediastrum  duplex,
Navicule, Cymbelle cymbiformis.

Sample 20. Anodonte grandis fooliana, Lost Lake. Young
transparent shell, gravid; length 77 mm., height 41 mm., diameter
3¢ mm.; live weight 1 oz., shell } oz, Parasites, several Cofylaspis
tnsignis in axil of gills. Food chiefly Microcystis aeruginesa; con-
siderable Botryococcus brawnii.

Sample 21, Anodonta grandis footiana, Lost Lake.  Parasites,



60 Lake Maxinkuckee, Physical and Biological Survey

1 young Atax in gill; Cotylaspis insignis in axil of gilll Food
chiefly Microcystis aceruginosa, a little Botryococeus brawnti, Lyng-
bya aestuaril and Pediastrum boryanuim.

6. PAPER-SHELL
ANODONTA IMBECILLIS Say

A single specimen.

7, SQUAWFOOT
STROPHITUS EDENTULUS (Say)

Not very common in the lake. Occasional shells can be picked
up along shore, especially between Long Point and Arlington, and
along the north shore. Living examples were also taken in small
numbers from the mussel bed at the mouth of Norris Inlet, and at
Long Point. In a collection of about 300 living mussels collected
at the latter place in the autumn of 1907, only 3 were of this
gpecies.

As found in the various rivers of the country, this is one of the
most variable of shells, and the exact limits of the specieg and its
various forms are not vet well worked out. The lake examples,
though differing considerably from those of the neighboring rivers
and from river shells in general, do not exhibit a very large range
of variation. They are all markedly dwarfed, the average length
being about 23 inches or €3.6 mm. long. All have a well-developed
rounded posterior ridge. The epidermis is deeply stained, that of
the exposed portion of the shell being a rich vellowish brown,
while the anterior portion—in the living shell buried in the soil
of the bottorn—is a deep, shining, brown black. The anterior mar-
gin is not nearly so heavy and produced as one frequently finds
it in river examples. The beaks of the lake shells are not so angu-
lar as they usually are in river shells, and the high wavy ridges
are more numerous and pronounced. In the Maxinkuckee shells,
also, a nwmber of fine hair-like lines or ridges, much like growth
lines, extend along the posterior border of the umbone, paraliel
with the posterior ridge of the earlier stages of the shell.

The nacre of the lake shells is a rich rosy salmon. Unlike
the salmon color of “Anodonie salmonig” this is a natural color,
not due to diseased conditions; the nacre surface is very smooth
and the color extends deeply into the shell In some cases the
inner nacreous surface appears to be a secondary thickening of
the shell, laid on the older portions like an enamel. Below this
extra nacreous deposit the growth lines are very distinct on the

im
lin
up
thi
mi
iny
col

alc
shu
ab
an
fa
fes
n

alc
mu
lat

s
ol
of
in
sm

8Ca
is
off
at




ood
jrg-

cked
;md
amail
1d at
scted
this

of the
wd its
1ples,
-1Vers
range
ength
Joped
yat of
TOWT,
.2 soil
: may-
- finds
angu-
ridges
shells,
rrowth
arallel

Unlike
. color,
smooth
ses the
iing of
yw this
on the

Lake Maxinkuckee, Physical and Biological Survey 61

inner surface of the shell. The rest periods are distinct black
lines, often plainly visible through the translucent shell when held
up to the light. Rays ave always invisible by reflected light in
the lake shells, but in some examples they were visible by trans-
mitted light. The animal has orange-colored flesh, The few liv-
ing examples examined indicate that parasifes are common: oné
contained three old Atax ypsilephorus, and several young.

One gravid example was found, October 17, 1907, The young-
est example found was 42 mm. long and exhibited four rest periods.

8, LAMPSILEIS GLANS (Lea)

Fairly common in the main lake; dead shells are often found.
along shore, and cceasionally the living mussels are to be seen in
shallow water at the various mussel beds in the lake. It is quite
abundant along the edges of the thoroughfare joining the lakes,
and is common in Lost Lake. The examples found in the thorough-
fave and Lost Lake were of unusually large size; this is one of the
few species of mussels which are as large or larger in the lake than
in the neighboring rivers. L. glans appears to prefer shallow water
along shore. A good number of shells recently cleaned out by
muskrats was found near the water’s edge at Long Point in the
late antumn of 1913,

In the Tippecanoe River at Delong this was a very abundant
species in the greasy whitish blue clay along shore, and was here
one of the favorite morsels of the muskrat. With the exception
of Micromya fobelis this is the smallest species of mussel found
in the lake. ¥t can be easily recognized by its black epidermis,
amall size and purple nacre.

9. RAINBOW-SHELL

LAMPSILIS IRIS (Lea) .

2 ather common in the lake in shallow water near shore, found
scattered among the other species in the various shell-beds. There
is a good colony in the Lost Lake bed, and it is fairly abundant
off the depot grounds, by Kruetzberger’s pier, at Long Point, and
at the bed near the mouth of Norris Inlet.

The lake shells differ markedly from those of the neighboring
rivers, so much so that it is easy to separate the lake and river
shells at a glance. The lake shells are considerably more elongate,
and the epidermis is stained a deep brown, mostly concealing the
rays; when these are visible they are brownish rather than green,
and the umbones are rather eroded. The shells, indeed, resemble
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somewhat the males of L. subrosiraie, with which they are asso-
ciated. The lake shells exhibit a tendency to have their posterior
margin somewhat broader than that of the river shells, and the

shells ave flatter at the posterior tip, becoming somewhat produced.

The river shells are more solid and heavy.

Lampsilis 1ris 1s one of the few species of mussels which does
not show a marked decrease of gize in the lake; indeed, some of
the larger lake examples run actually larger than those from the
neighboring rivers. Some of the largest lake shells examined have
the following dimensions:

No. Length mm. Al mm, Diam. mm.
1 - 69.6 . 7.3 21
2 G5.9 34.9 21
3 4G8.90 4.4 22
4 64.9 35.8 22.7
5 G67.0 36.8 20.9
i 67.7 28.8 21.5

No young sheils were found, even the smallest appear rather
old. The smallest three measure:

Length mm. Alt. mm. Diam, mm,
41.4 21.2 12.5
38.9 21.5 12.5
37.0 20.0 12.3

For comparison with the lake shells, the dimensions are given
of the largest two shells found in Yellow River:

No. Length mm. Alt, mm. Diam. mm.
1 67.0 34.5 22.9
2 64.0 38.5 21.0

Only one gravid example was found; this was obhfained at Lost
Lake bed Sept. 7, 1903,

Of all the species of mussels in the lake, L. iris hag the best
connection, through scattered individuals along the Outlet, with the
shells of the Tippecanoe River, a few shells having been found
almost through the whole length of the Outlet. The outlet shells,
like those of the vivers, are brightly rayed. The species is abund-
ant in the Tippecanoe River at Delong. A number of examples
were noted in spawning condition there in late August and early
September in 1908, Observations in the Maumee River would in-
dicate that these species, L. parve and L. muliiradicte, do not have
exactly the same breeding season as many other species of Lamp-
stlis- (lateola, rectn, liganmeniing, ete.) but are sometimes Tertilized
in July, spawning in August and September. DBeing small and
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an early developing species, it is probable that they have somewhat
different habits: indeed it is possible that they have more breed-
ing seasons per yvear than the other species.

The Tippecanoce mussels of this species were a favorite food of
the muskrat, and were killed in great numbers every autumn, the
dead shells being thickly strewn along the bank, or piled in heaps
at the bases of rocks which the rodent had used as a feeding place.

Lampsilis iris has a well marked tendency in the lakes and
Outlet to produce pearls and baroques, but these are too small to
be of any value.

10, LAMPSILIS SUBROSTRATA (Say)

Lampsailis subrostrata veaches ifs best development along the
muddy shores of lagoons, not being perfectly at home either in
swiftly flowing streams or in perfectly quiet lakes, although occa-
sional examples may be found in either. It is considerably more
abundant in Lake Tippecance and Upper Fish Lake than in any
other Indiana lakes examined. Along the edges of the Mississippl
sloughs it is fairly common and reaches a large size, offen distin-
gnished with diffieulty from Lempsilis fallaciose except for the
thinness of the shell and the black epidermis. It iz raye in Lake
Maxinkuckee, only a fesww examnples having been obtained from the
mussel bed near Norris Inlet. It is much more common in Lost
Lake in the large bed along shore south of the Bardsley cottage.
M, Blatchley, in a short report on the mollusks of the lake, (25th
annual report, Department of Geology and Natural Resources of
Indiana, 19060, p. 250), says of this species: “Not common in the
main lake; more s0 in the muck and mud along the margins of Lost
Lake, where a well-marked vaviety, with a larger and broader beak,
was taken. A specimen of this was sent, among others, to Mr.
Chag. T. Simpson, of the Smithsonian Institution, for verification.
In his reply he says: “The variety of subrostrains which you send
ig, so far as I know, confined o northern Indiana. It is quite re-
markable, and would seem to be almost a distinet species. I have
seen quite a number of gpecimens of if, and at fivst thought it a
variety of U7, ngsutis, but there seem to e intermediate forms con-
necting it with U. subrostrafus.””

With the exception of the differences due to sex, all the Maxin-
kuckee and Lost Lake shells ave very uniform in appearance, much
more so than L. luteole, and ave hardly distinguishable from ex-
amples from Lake Tippecance, Upper Fish Lake, or a specimen col-
lected in the Wabash River at Terre Haute by Dr. J. T. Scovell.
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They are dark brown in color with very faint rays. The species
appears to be rare in the Tippecance River at Delong. One ex-
ample wag obtained theve, which is somewhat shorter and stouter
than those of the lake, and not so badly stained; it shows faint
vays posterlorly. The Lost Lake shells are somewhat larger than
those found at the other lakes. Ne young were found, the smallest
shell obtained being a half-grown example. One gravid specimen
was found at Lost Lake Sept. 7, 1908, The marsupium closely
resembles that of L. {ris, being a kidney-shaped mass filling the
hinder portion of the outer gill, this mass being marked into seg-
ments by rather deep radiating furrows. The very edge of the mar-
supium is white beyond the dusky submarginal area, the white
making a chain-like area at the edge of the gill. Like L. iris, this
species has a tendency to form pearls, but they are too small to be
of any value.

Food of individuels:—The following is the result of the exam-
ination of the contents of the intestines of L. subrostrata from Lost
Lake at various dates.

Sample 22, August 20, 1908, A small amount of flocculent
bluish-gray material,

Perdindum tobulalum abundant; Mierocystis aeriuginose abund-
ant; Anurced cochlearis; Pediosbrum boryanuwm; Diatoms—=Sy-
nedra, Cymbella cymbiformis,

Sample 23, August 20, 1908, A very small amount of floccu-
lent grayish materizal.

Peridintum tabulatum a few; Microcystis ceruginosa a little;
Pediastrum boryanum, Cosmarium, Tetraédron minimum, Scene-
desmus, Euglyphia alveclate,; Peridinium, a small, sharp-spined
form. Diatoms make up the greater part, including Cymbella
eymbiformis, Navicula, Fragiluria, Coseinodiscus, and Epithemin.

Sample 24, September 7. A large amount of material, black
mud below, greenish flocculent material above. The upper por-
tien contains chiefly Bofryococcus Urownil and Mierocystis aerug-
tose.  Botiom portien—>Microcysiis aeruginosa common; Botry-
ococeus breunti; Peridintum {abulotum, Peridinium, a small spined
species; Seenedesmus, frequent. Stourastrum, Pediostrum duplex;
Coelastrum a few; Anuraea cochlearis, Tetraédron, Docidium,
Coelosphaerium buelzingianum, sponge spicule, Lyngbya aestuarii.
Diatoms,—Synedra, Navicule, Gomphonema, ete.
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11, FAT MUCKET
LAMPSILIS LUTEOLA (Lamarek)

Lampsilis luteola is the most widely distributed of the Amer-
ican Unionide, its range extending over nearly all of North Amer-
ica east of the Rocky Mountains. It lives and thrives under a
eveat variety of conditions, being frequent in both lakes and vivers.

Trn Lake Maxinkuckee this iz the most common mussel, being
found almost everywhere in water from 2 to 5 or 6 feet deep where
the bottom is suitable. It prefers a rather solid bottom with some
admixture of sand or gravel, bul occurs alse even where the bot-
tom is of a vather firm peaty nature as in some places in Outlet
Bay. Tt is, however, rather scarce and widely scattered in such
localities.  The best beds are found at Long Point, at Farrar's, in
front of McDonald’s, by the old Kruetzherger pier, and in
Aubeenaubee Bay off from the Military Academy. In Lost Lake
it was abundant in the large mussel bed below the Bardsley cot-
tage, and a few shells were found in the north end of the lake,

The Lake Maxinkuckee shells are smaller and thinner than
those of the rivers; they closely vesemble those of most of the
neighboring lakes with which they were compared, such as Twin
Lakes, Pretty Lake, Bass Lake, ete. The L. luteola of Upper Fish
Lake are much larger and more like river shells. Compared with
specimens of move remote lakes, those of Lake Erie are much
smaller, more solid and not stained, the rays being quite distinct.
The L. luteola of Lake Pokegama, Minn., are unlike any of those
above cited, being large, thick and heavy, furnishing excellent but-
ton material.

Lampsilis luteola is represented in Lake Maxinkuckee and Lost
Lake by 2 forms; although these forms are well connected by
intergrades the extremes are pretty markediy distinet.

The colony in Lost Lake is composed of compressed, elongate
shellg, almost as large as those found in rivers, but considerably
thinper. It is in the females of this group, and only in part of
them, that the greatest variation occurs. The males are nof much
unlike the cvdinary well-known form of the neighboring vivers.
The most strongly aberrant females are marvkedly compressed, and
Aare out broadly in the post-basal region. The umbones are far
forward and they remind one somewhat in contour of the marine
species, Modiolo plicefule. Some of them closely resemble Lawip-
silis rvadiate of the Atlantic dirainage. The Lost Lake mussels of
this species are stained 2 peculiar attractive ash-gray which does
not greatly chscure the vavs., They are not so heavily encrusted
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with marl as are those in the Lake Maxinkuckee beds, Typical
Lake Maxinkuckee specimens are dwarfed and stained a deep
brown, which obscures the rays. Most of them are thickly coated
posteriorly with incrustations of marl, It is principaliy this spe-
cies which has associated with it the lttle water-beetle, Stenelmis
undulatue Blatehley. At Long Point, where L. luteoln is the most
common mussel, examples of the peculiar Lost Lake form are
rather frequent. In comparing sets of shells from the various
mussel beds of the lake— Long Point, Farrar's and the Norris Inlet
beds—it was noted that the mussels of each bed, as one approached
the upper portions of the lake, averaged somewhat smaller,

As regards food, movements, reproduction, ete., L. luteola does
not differ greatly from the other mussels of the lake with the ex-
ception that it appears to be considerably the most active species
in the lake, A few were observed moving about during the
winter of 1900-1901. The deep water individuals rarely move
about at all. In the aufumn of 1913 the migration of those near
shore into deep water was strikingly shown by a series of numer-
ous furrows, with a mussel at the deep water end and extending
from shore outward near Long Point.

As with the other mussels of the lake, repreduction is a rather
inconspicuous phenomenon, not attended with the marked digplay
common in the larger river examples. OF 252 examples collected
at Long Point Oct. 17, 1907, 25 contained glochidia in the gills,
some being very full and much distended. One was found eravid
May 24, 1901, and on August 22, 1906, some in Lost Lake appeared
to be about ready to spawn.

The young of this species were found rather frequently in the
lake, much more frequently, indeed, than any ofher kind. The
smallest examples were obtained while sieving sand for Sphaeriums
at Long Point. These voung mussels Hve buried in the fine sand
near shore. Specimens up to about a half inch long are very
crinkly, being covered with narrow clevated pavallel ridges, gen-
erally 5 in number, each consisting of 2 open loops placed end to
end, the sides of the loops being roughly parale! with the ventral
margin of the shell: the ends where they join form a sharp curve
upward toward the umbone. These double lbops are followed by
a number of broken irregular ridges, The markings just described
persist on the umbones of the older shells until eroded away. The
half grown shells are heautifally raved with green on a whitish
background. As the shells grow older they become gradually
stained a deep uniform brown, obscuring the rays. :
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Most of the mussels of the lake are slightly parasitized, none
abundantly: they contain a few examples of a small reddish Ataz,
and a few Cotylaspis insignis. A small round-worm, somewhat
like a vinegar eel, was found very active in the intestine of one
specimen; it was probably parasitic. ’

Small irregular pearls or slugs are produced but they are of no
value. In some rivers this species produces an abundance of small
round pearls. Some of the pearl-bearing rviver specimens were
planted in the lake in 1912 to see if they would infect the lake
shells. The Lampsilis luteola of the rivers is a fair button shell,
but the Lake Maxinkuckee shells are too small and thin to have
much value, It is a remarkable fact that in Lake Pokegama,
Minn., L. luteole grows abundantly in shallow bottom among the
weeds, and there produces a handsome thick heavy shell, one indeed
concerning which the pearl button manufacturers are very enthusi-
astic, so much so that the shells at that distant point from the
market brought $22.00 per ton; in the summer of 1912, two car-
loads of these shells were shipped to Europe.

Just why the Lake Maxinkuckee shells are not like the excel-
Tent ones of Lake Pokegama remaing as yet unanswered, but seems
to be largely a question of breed. It would certainly be worth
while to introduce the Lake Pokegama breed into Lake Maxin-
kuckee. ‘

Following is the resuit of the examination of various indi-
viduals of the Maxinkuckee and Lost Lake shells:

Sample 25. L. luteola. Lost Lake, Sept. 7, 1908. Mussel
gravid, Length 100 mn., altitude 62 mm.; diameter 33 mm. Live
weight 84 oz.; shell 1% oz. Parasites—7 free Afax among gills,
voung Afaz in gills and numerous Atax eggs on interior surface
of mantle. Food chiefly Microeystis ceruginose, Bolryococcus
breun#, Lyngbya cestuarti, Melogira, Navicula.

Sample 26. L. luteola, Lost Lake, Sept. 7, 1908 ; mussel gravid;
tength 95 mm., alt., 60 mm.,, diam., 38 mm.; live weight 3% oz.;
shell 1% oz. Parasites, 7 free Afex in gills, and Afax eges in the
mantie. Food—chiefly Microeystis aeruginose, also Botryococous
brawnii, Navieule, Lyngbya cestnarii and Anuraea cochlearis.

Sample 27. L. luteole, Lost Lake by Bardsley’s, Sept. 7, 1908;
live weight 31 oz.; shell 1} oz.; length 97 mm., alt. 54 mm., diam.
33 mm.  Pavasites—7 free oo among gills; many small ved
egrs of Atexr on inner surface of mantle. TFood chiefly Mierocystis
aeriginosa, Dotryococcus brauni! and Navieula.

Sample 28, Lampsilis lufeola, Lost Lake, Sept. 7, 1908, Live
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weight 3% oz.; length 104 mm., alt. 34 mm., diameter 23 mm.
Parasites, Atax 6, free among gills, egps of Atax on inner side of
mantle, young in pits on side of foot. Food, Miciocystis aerug-
inose. most  common. Lyngbye aestuarii, Noaviewle, M elosira,
Anurcea and Cymbelle.

Intestinal contents of two examples of L. luteols obtained in
Lake Maxinkuckee Aug. 27, 1908, near the shore just north of the
ice-office gave the following resulits:

sample 29, Microcystis ceruginose, main mass:; Aniuraer coch-
tearis a Tew; Botryococeus brawnii rather eommon: Cymbelln
cymbiformis, one; Lyngbya aesturaii, 1 filament; Nuvicwla, 2 ex-
amples; Synedra, a few,

Sample 30,  Microcystis weruginosa main mass; Botryococcus
braunii, very common; Lyngbye aesturarii, several filaments;
Anwraee cochleuris a few; Synedre some; Novieuln one example,
very lvely; Cosmarium one round worm like vinegar eel, very
livaly. :

Sample 81. Lost Lake, 1908, A good mass of material, black-
ish below, flocculent greenish ahove,

Lyngbya cesturarii, a few filaments; Microcysiis Qeriginosa,
quite abundant; Anwurceq cochleariz; sponge spicule, Pedicsirum
dupler, Staurastrum, Botryococeus braunii, Peridiniun ta bulatum,
a few; Peridinium, a small spiny species 1; Pediastrum boryanum,
several diatoms-—Navicule, Coscinodiscus, Melosire, Cymbella

cymbiformis; Microcystis is the most abundant element, Peridinium.

iz rather scarce.

Sample 32. Lake Maxinkuckee, Aug. 27, 1908 A small
amount of brownish green flocculent material,

Anurcea cochlearis, quite frequent; Lyngbya agestuerii, short
filament; Peridinium tobulatum, a few; Coelestiom MLCTOPOTUNL;
Coelosphoerium buetzinglanun; Pedicstrum boryanum, Scenedes-
nins, very fewy Chydorus fragment. Diatoms,—Epithemia turgida,
Naviewla, Cymbella cymbiformis, Gomphonema, Coscinodiseus.

Sample 33, Lake Maxinkuckee, Aug. 27, 1908, A fair amount
of brownish green material, muddy below, flocculent green above.
The green top material consisting chiefly of Microcystis aerug-
inose; with some Anuraeq cochlearis; Lyngbya aestuarii; Micro-
eystis aeruginosa; Bulbochaete bristle: Coelastrum MICTOPOTrUM !
Merismopedia glanca,; Pediastrum boryonum; diatoms—Navicula,
Coscinodiscus, ete. ‘

Measurements:—The following is a series of measurements of
Lost Lake examples:
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\
: [ MBASUREMENTS IN MM

Na. | Date, 1008 | - Remarks
‘ Length i Al Digm. -
| " -
e | Augnst 3 85 ! [ 32 ¢ Fenshaped fernale. o
! Buptomber 7 97 4 3 55 a1 Fanshaped female, gravid,
Angust 20 87 i 40 436 Foanshaped female.
L Aupust 2 98 ‘ 5] 26 Fanzhaped female.
; 20 20 ¢ 2.8 Fanshaped female.
: 18 P48 6.3 Male,
102 : 53 36 Male.
€.

a1.4 3.8 - M

: Aungust 20 06 ) H
53,7 33 Mule.

August 20 2.3

August 20 100 i 51 37 Mal
i

${ost of these shells blistered posteriorly. - )
The males are fairly Hice those of viver; the females are more tanshaped, nght of the 10 shells, 15 oz.:

only a few pre rayed.
12, POCI{ETBOOK

LAMPSILIS VENTRICOSA (Barnes)

Rather common at the Long Point mussel bed; a few found
in the bed by Farrar's and a few in Lost Lake. The species as
found in the lake is markedly dwarfed and guite different in ap-
pearance from the usual viver form. There are two types in the
Long Point bed. One consisting of females, having the post
basal inflation of the shell characteristic of that sex, not exactly
ag in the river foﬁm,howevez', but somewhat more restricted; this
feature, along with a peculiar stain of the epidermis which con-
ceals the normal coloring of the shell, causes them to very closely
resemble a short female L. lufeole. The other type, an oval shell
without the post-basal inflation, was at first taken to represent the
males, but some of them were found to contain glochidia. These,
too, bear a marked resemblance to L. liteols, and the only way to
distinguish the two species, as they occur in the lake, is by an
examination of the umbonal sculpture. This in veniricosa con-
sigts of a few coarse parallel ridges; in luteola the sculpture ig of
numerous fine wavy lines,

The lake L. wveniricoss was so markedly different from the
species as usually known that it was compared with a large series
of both lake and river forms. Of river shells only a few from
the central part of the Maumee, where for some reason the shells
are markedly dwarfed, bore any close resemblance to it. None
was found in any of the neighboring lakes with which to compare
them., In some of the small Inkes of Michigan where Dr. Robert
E. Ceker colected, he experienced a similar difficulty in dis-
tinguishing L. ventricose and L. Iufeola. He sent sets of eriti-
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cal specimens to Mr. Bryant Walker of Detroit, Mich., who identi-
fied the shells with g few coarse straight undulations on the beaks
as Lampsilis ventricosa conudensie and the others as L. luteola.

The Maxinkuckee specimens were also compared with L. ventri-
cose fvom Lake Champlain, and were found to be much like them.
The Champlain examples which were free from sfaining of the
epidermis more closely resembled in color the ventricosa of the
TIVers.

The specimens of L. veniricose differed considerably in the dif-
ferent beds. Lost Lake examples arve usually rather small, and are
stained a peculiar ashy-gray. Those from the near Farvar's are
mostly small and apparvently yvoung and are rather well rayed;
they resemble river forms move closely than any others in the lake,

The large oval L. ventricosa of Long Point are the heaviest
shells of the lake. A peculiarity of several of these shells is a
conspicuous rib-like thickening on the inside, extending from near
the umbonal cavity postero-ventrally. The nacre is soft satiny in
luster, and not very iridescent. This oval form of ventricosa
found at Long Point furnishes the only shell in the lake that could
be used to any advantage in the manufacture of buttons, and even
it produces rather inferior material. Some of these shells were
sent to a button factory at Davenport and buttons were made of
them. The following is a set of measurements of these large
shells:

\
No Date, 1007 Icn:m . } Al mm. ;- DHam, mm. Remarks

3 eptember 24 114 LB Femyale sravid
2 October 36 0 1076 | 633 ‘
3 Oetober 7 [ ;
4 1 Octeber 39 6.4 miate gravid
5 October 40 ; 473 i baroques.
o Oetober 17 1 402 CArcunie: barogue found.
70 October 20 [ |
& ' Qetobor 30 | 354 D Naere dizeased and hlistored,
G0 OGewoher 37 955 55,7 :

W Octeber 015 | 60d

. | i

Although the reproductive phase of L. ventricose of the lake
is much less conspicuous than in the river mussels, most of them
appavently succeed in veproducing themselves. Mast of the fe-
males found later in autummn have more or less numerous glochidia
in the gills. No infected fishes or very young mussels of this spe-
ciles were seen,

The most common parasite is Atax, and it is not particularly
abundant. Of six examples collected near Farrar’s July 24, 1909,
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the first contained 9 of the mites, the second 4, the third 15, with
Afax eggs in the mantle and body, the fourth 12 Atfer and nu-
mevous egps of the mite on the inner surface of the mantle, the
fifth 3 Afexr with eggs and the sixth T Afar with eggs and egg
scars. No other parasites were noted. No pearls were found,
only a few irregular slugs.

In 1906 some of the {mmense L. veniricoss of Yeliow River
were planted in the lake near shore not far from the old ice office,
A fow died shortly after planting but near the same place 2 years
iater some of the mussels were found alive and apparently thriv-
ing. Two of the large females were killed and examined. Altho
this was at a time when this species is usually gravid, one of these
individuals was sterile, apparently having failed to become impreg-
nated. The influence of its residence in the lake was marked by a
dark stain which covered the exposed portion of the shell. The
other had a few eggs in the gills, and numerous marginal cysts
in the mantle. About 10 Atax among the gills, and numerous dis-
tomids on the outside surface of the mantle in the umbonal cavity,

13, LAMPSILIS MULTIRADIATA (Lea)

Not abundant in the lake; occasional shells are found along
shore, and new and then they are encountered in the piles of shells
where muskrats have been feeding., A few living examples were
found in the mussel bed near the mouth of Norris Inlet and a few
at Long Point bed. In all hardly a dozen living examples were
secured ; of 563 shells taken from a pile left by a muskrat at Long
Point in 1907, only 1 was of this species. This mussel, as it occurs
in the lake, is not nearly so attractive as river specimens, being
dwarfed and so deeply stained that the rays are inconspicuous,
being usually black or dull brown instead of green.

This species was found in unusual abundance in the Tippecanoe
River at Delong, and a considerable number was observed spawn-
ing during the autumn of 1908, While spawning, this mussel is a
very consplcuous spectacle. It lies either on its back, or more
usually with the postericr end directly upward, and the showy
edges of the mantle, which are of a yellowish brown color, and
cross-barred with narrow lines which are continuous with the fine
vays of the epidermis, ook a good deal like a small darter lying
on the bottom. Long waving pennant-like flaps, with a showy
black spot at the base of sach are developed, and this portion of the
mussel is made still more conspicuous by reason of periodic viclent
spasmadic contractions.
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At the Tippecanos River thig is one of the favorite foods of the
muskrat, and it must be difficult for them to hold their own against
that rodent.

1i. MICROMYA FABALIS (Lea)

Rare; previous to 1%13 only one shell had been found; this
was picked up on the north shere of the lake in 1907. In 1913
several shells, recently cleaned out by some animal, probavly a
muskrat, were found at the wagon bridge. This species is fairly
common in Tippecanoe Lalke and frequent in the Tippecance River
at Deleng where it wag collected in ghallow water near shore in
rather stiff blue clay. Tt is the smallest of our Unionide. The
white or bluish white nacre has an excecdingly brilliant luster.

Several other species of mussels have been recorded for the
lake, among them Quadride lochrymose (Lea), Alasmodonta mar-
ginate Say, Symphynota compresse Len, Anodontoides ferussaci-
anus (Lea), Pltychobranchus phaseolus (Hildreth), Obovaria circu-
tug Lea, Lampsilis parve {Barnes), and Lampsilis grecilis (Barnes).
We have seen representatives of none of these species from the lake,
and while some, such as A. ferussacianus, are very probably pres-
ent, others are very improbable.

MOLLUSKS OTHER THAN UNIONIDA

About 116 species of meoliusks in addition to the Unionida: are
known fo cccur in Lake Maxinkuckee or its immediate vicinity.
Specimens of nearly all of these species were collected during our
investigations; others were collected by the late L. E. Daniels.
These collections were referred to Dir. Paul Bartsch of the United
States National Museum for study and report. Other duties have
prevented Dr. Bartsch from completing his full report on these
mollusks. He has, however, suppiied the following list of his
identifications, This shows that the Lake Maxinkuckee molluscous
fauna is a remarkably vich one, the tofal number of species, in-
cluding the Unionides, being not fewer than 130.

FRESHWATER MOLLUSKES

Lymneq palustris (Miller)
Lymanga obrussa exigua (J.ea)
Lymnsza danielsi Baker
Lymnaa dalli Baker

Lymngza humilis (Say)
Lymnaza desidiosa (Bay)
Planorbis bicavinatus Say
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