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THIS paper, the first to be published of a number of similar 
studies that have been carried on over a period of several 
years, deals with morphological variations of certain species 
and genera of the molluscan family of Pleuroceridae, prin- 
cipally with regard to their position in the streams they 
occupy. Other papers on the subject will follow. I t  has been 
made plain to the writer as the work progressed that better 
methods of treatment should have been employed from the 
beginning-the common rebuke of experience-but it has 
been made eqlnally clear that the same conclusions would have 
been forced whatever the methods applied. 

L I T E A S I A  OBOVATA (SAY), OF  GREEN RIVER, KENTUCKY 
Plate I, Figs. 1-9, 12 

Collections of this species were made by Mr. W. J. Clench 
and Dr. Peter Okkelberg a t  seventeen different localities of 
the main river; twenty-two localities of the tributary Barren 
River and its affluents, three of Nolin River, two of Rough 
River, two of Mud River, and three of lesser streams-forty- 
nine in all. 
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Lithasia obovata is tlze conznzonest pleurocerid of the Green 
River system. I t  is so variable that i t  has been blessed with 
several specific names and assigned to three separate genera. 
At  the falls of the Ohio River, one of the localities mentioned 
by Say, the variation is such that five different names have 
been given to forms of the species which occur there. I t  is 
difficult for the student to believe a t  first that such morpho- 
logical extremes as narrow, high-spired shells and squat, ven- 
tricose specimens with scarcely any spire at  all can belong to 
the sanze species, but with familiarity i t  becomes clear that 
all of the forms have certain definite characters which bind 
them one with another, namely non-plicate apices, shouldered 
whorls, virtually the same shape of aperture, and, more often 
than not, columellae which are thickened above and below. 
All have the neo-nzelanian opercnlum, and the radula, though 
variable, affords no excuse for specific distinctions. An addi- 
tional character, raised revolving lines on the spire, occurs 
often enough to provide a clue to relationship. A further con- 
vincing support to the argument for kinship is that except 
near the month of the Green River and in its highest head- 
waters-places wherein the Pleuroceridae everywhere show 
tlze least variation-each colony is lilcely to be made up of two 
or three distinct fornzs of obovata among which are some in- 
dividuals overlapping with forms of other colonies. 

The specinlens that were chosen by Say for his description 
of obovata were smooth, heavy, short-spired, and they had 
apertures "more than twice the length of the spire." Say 
spoke of tlze resemblance of old and eroded specimens to 
dncutosa, and this is the most striliing aspect of the slzells. 
Colonies typical, or nearly so, occur in the lower Green River. 
Since this study is particularly of that stream I am using 
hereinafter Anthony's name planospira for these anculosoid 
examples since Anthony's shells came, it is certain, from the 
Green River near Mammoth Cave, though Tennessee was 
given as the type locality. That author's errors in geograph- 
ical designations were notorious. The several forms may be 
set down as follows. 
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Planospira Anthony. The name is descriptive of the gas- 
tropod. The embryo shell is smooth, consisting of about one 
and one-half whorls. At  the fifth or sixth whorl, the shell 
becomes bulbous, bioadening rapidly into a thicli, ventricose 
form with a large aperture. Erosion gives the effect of a shell 
whose whorls are all in the same plane. 

Consanguinea Anthony. This is near typical obovata, but 
is somewhat higher of spire, is usually more shouldered, and 
has a noticeably produced aperture. I t  was named as from 
Indiana. I should judge that the stream was the Ohio giver 
inasmuch as a pure race of this phase occurs in the Ohio at  
Charlestown Landing, Indiana. 

Undosa Anthony. The shell is cylindrical, turreted, much 
shoulclered on the body whorl. The apertnre is seldom large, 
and the columella laclis the thickening of callus which has 
sometimes been spoken of as a constant in Litlzasia. The 
outer lip is straight or slightly.incurved. There is apparently 
no difference of importance between tmzdosa and two other 
forms, elegantula and rarinodosa, also of Anthony's author- 
ship. 

Sordida Lea. Smooth, high-spired, and conic rather than 
cylindrical. Upoil its shape more than upon anything else, 
i t  was placed under Goniobasis by Tryon (1873) .  

Curvilabris Anthony. Decidedly cylindrical and heavily 
sl~onldered. I t  has the "deeply and singularly curved'' outer 
lip which Anthony emphasized in description and name. The 
pronounced shouldering and the frequent flattening of the 
body whorl are not, as seemed at  first in this study, invariably 
correlated with the incurved outer lip. This character was 
found to occur sometimes with specimens whose whorls were 
regularly convex. 

fWicrolineata Goodrich. This name was given by me to 
mollusl~s which I had mistaken for a species of Goniobasis 
before the variability of L. obovata was realized. The form 
is small, narrow, carinate of spire. The convex, unshoul- 
clered whorls are covered, in the majority of individuals, with 
faint, revolving, raised lines. 
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Depygis  Say. The shell is slightly conic, smooth, and slen- 
der. The wliorls are only slightly shouldered. A t  the top 
of the columella a t  the angle with the outer lip is a small 
deposit of callus. The form, though common in the Ohio 
River a t  the falls, is rare in the Green River drainage. 

Goniobasoid. Under this head have been placed shells 
which resemble Go?ziobasis more than do the forms s o ~ d i d a  
or depygis  of obovafa.  I n  all except one instance, such ex- 
amples are conlparatively infrequent in  the Green River sys- 
tem lots. Among these specimens have been placed certain 
young individuals that give no indication of the final adult 
form and which are lilie juvenile goniobases a t  this stage. 

Indeterminates. These are shells which could not be classi- 
fied with any definiteness. They were sometimes patholog- 
ical, sometimes old and eroded badly. Only twice do they 
amount to inore than 10 per cent in ally one lot. 

ANALYSIS OF THE DISTRIBUTION 

Planospiru. It will be seen from Table I that this is the 
characteristic form occurring in tlie Green River near its 
mouth. Going upstream, the first noticeable deviation is a t  
Rochester, Butler County, where the percentage of planospira 
shon7s a drop of 2.6 from 100 per cent. A t  Mammoth Cave, 
p l a ~ ~ o s p i r a  is only a little more than one-half of all the shells 
of obovata. There is a rise in the percentages at  tlie two 
stations in the vicinity of Rio, and six miles west of Greens- 
Fnrg the percentage has dropped to 2.8. No taliing in the 
main river above this point contained any specimens of plano- 
spira. A few individuals, less than 1 per cent of 550 shells, 
were in the Russell Creek lot. Small numbers of the form 
were collectecl in Barren River and one of its tributaries. 

Consangz~i?zea. This form TI-as founcl in branches of Barren 
River only. It amounted to nearly 35 per cent in  the West 
Fork of Drake's Creek a t  Massy's Mill, Warren County. 
Scarcely more than 3 per cent in any other of the three col- 
lections mas made up of co?zsangz~inea. 
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Undosa. Going upstream in the Green River, the per- 
centage of occurrences of this form rises irregularly. A 
clearly ecological influence is indicated at  the stations eight 
miles south of Campbellwille, Taylor County. All the shells 
of obovata from the river liere are of the form zcndosa, but 
the collection from the adjacent slough, which is flooded by 
Green River in time of freshet, is made up of 4.1 per cent 
~ ~ n d o s a  and 91.7 per cent of sordida, the remainder being 
indeterminate. Of five separate lots from Barren River, three 
consist wholly of zcndosa. I t  is common to most of the lots 
from tributaries of this stream, though absent from those of 
four such stations. No form except t ~ n d o s a  appears in mate- 
rial from Nolin River proper. 

Sordida. The form appears in three of the Green River 
collections and once at a locality immediately adjacent to the 
river. Every one of these places is above a line marking the 
common occurrence of pla7zospira. I t  makes up 97.8 per cent 
of the large taking from Beaverdam Creeli, a tributary near 
13rownsville. Slightly more than 90 per cent of tlie shells 
from Russell Creek can be put down as sordida. None of tlie 
Barren River lots contain this form, but it appears three times 
as pure or nearly pure races in tributaries of the Barren. 

Czcrvilabris. This form is common only in the Barren River 
and its affluents, yet even there the distribution is discontinu- 
ous, and the ratio of czcrvilabris to other forms varies as be- 
tween stations. The lot from one place in the Barren River 
indicates the presence there of a pure race. Going upstream 
in the Barren River, the form disappears, as it does also in 
Trammel Creek and Bay's Fork. It occurs only once in the 
Green River proper and twice among the upper Green River 
tributaries. 

1Microlineata. This was collectecl only in Rough River, and 
in association with none of the other forms. 

Depygis .  Proof is lacking that this form, so common at the 
falls of the Ohio River, is represented in the Green River by 
other than aberrant specimens. I t  was taken in very small 
numbers in Mud River and in one of its branches. The 



TABLE I 
DISTRIBUTION OF THE FORMS OF L. OBOVATA IN THE GREEN RIVER SYSTEM IN TERMS OF PERCENTAGES 

Green River1 
6 m i . w . o f  Calhoun . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
Calhoun, McLean Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
Livermore, Green Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rochester, Butler 00. 97.4 
Erownsville, Edmlonson Co. . . . . . . . . . . . . . . . . . . . . . . .  100 
2 mi. e. of Brownsville . . . . . . . . . . . . . . . . . . . . . . . . . .  99.2 
Mammoth Cave, Edunonson Co. . . . . . . . . . . . . . . . . . . . .  58.6 
Gt. Onyx Cave, Edmonson Co. . . . . . . . . . . . . . . . . . . . .  47.1 
Munfordville, Har t  Co. . . . . . . . . . . . . . . . . . . . . . . . . . .  58.5 
4 mi. w. of Rio, H& Co. . . . . . . . . . . . . . . . . . . . . . . . .  72.2 
Rio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83.3 

. . . . . . . . . . . . . . . . .  6 mi. w. of Greemburg, Green 00. 2.8 
8 mi. s. of Campbellsville, Taylor Co. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Slough, 8 mi. s. of Campbellsville 
. . . . . . . . . . . . . . . . . . . . .  2 mi. ne. of Dunnqille, Casey Co. 

3 mi. ne. of Liberty, Casey Co. . . . . . . . . . . . . . . . . . . . . . .  
Middlaburg, Casey Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Barren River 
4 mi. e. of Bowling Green, Warren Co. . . . . . . . . . . . . .  2.9 

. . . . . . . . . . . . . . . . . . . . . . .  Martinsville Ford, Warren Co. 

. . . . . . . . . . . . . . . . . . . . . . .  1 mi. w. of Finney, Barren Co. 

. . . . . . . . . . . . . . . . . . . . . . .  24 mi. n. of Meador, Allen Co. 
. . . . . . . . . . . . . . . . . . . . .  7 mi. e. of Scottsville, Allen Co. 

Tributaries of Barren River 
... Long Cr., 5 mi. e. of Xcorttsville . . . . . . . . . . . . . . . . . . . . . .  3.1 79 . . . . . . . . . . . .  17.7 

. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  Long Cr., 1 mi. n. of Holland, Allen Co. 100 
. . . . . . . . . . . .  Beaver Cr., 10 mi. sw. of Glasgow, Barren Co. . . . . . . . . . . . .  67.1 . . .  32.2 

. . . . . . . .  . . . . . . . . . . . .  Drake's Cr., 5 mi. se. of Bowling Green, Warren Co. 98.7 ... 2.5 
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figures of percentages in the table are to be considered as 
wanting in significance except as a record of occurrence. 

Goniobasoid. While shells of this form are in seven sepa- 
rate and geographically scattered lots, none of them may be 
indicative of the true adult forms of the seven colonies. 
Local difficulties appear to have interfered with the taking of 
representative lots, and of the specimens collected the most 
were juveniles. 

L I T H A S I A  GENICULATA HALDEMAN, O F  DUCK RIVER, 
TENNESSEE 

Plate I, Figs. 10, 11, 14 

This species in its typical form is a solid, quadrate, broadly 
shouldered and noduloue pleurocerid. The spire is low, the 
aperture large and produced at  the base, the columella broad 
and irregularly rounded, the outer lip straight or slightly 
sinuous. In  the subspecies (or form) fz~liginosa, the spire is 
high, the shell being without nodules if typical. Correlated 
with the elongate shape, the aperture is more narrowly ovate 
than in geniczllata. Snlaller than either typical ge?ziculata or 
fzdigi?zosa is piqzgz~is. I t  has no hint of sculpture except that 
the Duclr River specinlens have microscopic striae on the upper 
part of the spire. The whorls are rounded, the aperture is 
leoundly ovate, and the columella shows a tendency to lose the 
lithasoid characteristics. Pilzgzcis has usually been considered 
an Aqzc?closa, but its connection with gelziczllata has been 
traced in two streams of Tennessee. 

The distribution of the forms, do~~~nst ream to upstream, js 
here set forth. 

Nearly due south of Waverly, Hun~phreys County. Gewicu- 
lata in great numbers and typical. No other forms were 
found here during a visit made by Mr. Henry Vaiider Schalie 
and me in 1931. 

Centerville, Hiclrman County. Geniculata in great num- 
bers below the town. No other form. I n  1921, Dr. A. E. 
Ortnlann was here and about one-third of the pleurocerids he 
collected consisted of typical genicz~lata, the rest shading into 
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fzcliginosa. My surmise is that to avoid the pollution, lie col- 
lected above the town, and that this accounts for the differ- 
ence in the two colle&ions. 

Columbia, Maury County. The shells examined were of 
several collections made by different visitors to the locality. 
Altogether, 64 adult and 17 young specimens were studied. 
Only two individuals were typically geniczclata. Twenty-four 
were of the shape of fuliginosa, that is, high-spired, but were 
partly nodulous. The remainder were smooth fzcliginosa. 
The percentages were: geniculata, 3.4; near fzcliginosa, 41.3; 
fuliginosa, 55.2. The Mnseum of Zoology has two shells that 
were taken at  Godwin, two or three miles below Columbia. 
They are fz~liginosa. 

Due north of Lewistown. Of eighteen shells taken by Mr. 
W. J. Clench and Mr. Vander Schalie in 1933 a t  this locality, 
sixteen are smooth fzcliginosa, and two of the same shape, but 
partly i~odulous. Dr. Ortmann collected here or hereabouts, 
his shells being fzcliginosa. 

Wilhoite, Maury County. Thirty-six specimens talren in 
1930. Twenty-eight are smooth fuliginosa, eight slightly 
nodulous f zcliginosa. 

Lillards Mills, Bedford County. Three specimens of Dr. 
Ortmann7s taking, all typical fuliginosa. 

Normandy, Bedford County. Three examples of smooth 
fzcliginosa, collected by Dr. Ortmann. 

Shelbyville, Bedford County. Nine specimens, smooth 
fzcliginosa, from various collectors unknown by name. 

Manchester, Coffee County. All pinguis. About forty 
shells that were talcen by Dr. Ortmanii-presumably below 
the town sinice there, only, could he have found the Unionidae 
he was seeking. These sliells have the characteristic lithasoid 
columellae. Mr. Vander Schalie ancl I collected on lioney- 
combed rocks within the town. The examples of pinguis that 
we found were nearly round-mouthed. 

Lithasia geniczclata and its subspecies (or forms) were 
found at  four localities in the Buffalo River, the principal 
tributary of the Duck River. This stream has been very little 
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disturbed by dams, bridge and road "fills," and similar 
works. I t  is apparently free of domestic and industrial 
wastes and even the field wash appears to have been small. 
It may be accepted then as in a nearly perfect state of nature. 
Reading downstream to upstream, the findings were : 

Five miles north of Lobelville, Perry County. Geniczclata 
here was of higher spire than the species in Duck River near 
the stream mouth. Yet i t  had the conspicuously nodulous 
shoulders of the typical shell. I t  represents a gradation 
aspect. Specimens of this phase numbered 582; smooth 
fuliginosa, 20. The percentages are : geniczclata, 96.6 ; ful igi-  
?zosa, 3.3. 

Beardstown, Perry County. Number of specimens, 158. 
Of these, 51.2 per cent were of the form of geniculatn found 
below Lobelville; 48.7 per cent were of the smooth fuliginosa. 

One mile above Linden, Perry County. Number of speci- 
mens, 126. No shell corresponding to geniczclata was talcen 
a t  this locality. Pzcliginosa more or less nodulous was 24.6 
per cent of the whole; smooth fzcliginosa, 75.4 per cent. 

Topsy Bridge, Wayne County. All specimens of this taking 
were young except a single adult individual whi~ch was a 
slightly nodulous fzcliginosa. 

A similar progression of forms of Litlzasia is indicated by 
material which the Museum of Zoology has from Harpeth 
River, a tributary of the Cumberland River in Tennessee, and 
from the Tennessee River and creelrs in the vicinity of Muscle 
Shoals, Alabama. The typical L. geniczclata is common in the 
Cumberland River. Shells from Kingston Springs on the 
Harpeth River, not fa r  from the stream mouth, are of the 
nodnlons phase of fscliginosa. Tliirty-six examples from 
Shaclrlett, farther upstream, are : Nodulous f~cliginosa, 9 ; 
smooth fzcliginosa, 24; venusta,  3. V e n u s t a  is a smootl~, com- 
pact, yellowish shell which is scarcely shonldered and is uni- 
formly smaller than fuliginosa. Thirteen shells from Belle- 
view, about fifteen miles above Shacklett, are all venzcsta. 
L. salebrosa (Conrad) (Fig. 19) ,  of the Tennessee River at  
Muscle Shoals, has the short spire of typical geniczclata and, 
lilre it, is strongly nodose at  the shoulders. Its longer spired 
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form florentiana (Fig 18) occurs also at  Muscle Shoals, 
though comparatively rarely. It is the Lithasia of the tribu- 
tary creeks. Of 18 of these shells from Shoals Creek near 
Killen, Lauderdale County, Alabama, eight are entirely 
smooth and the rest slightly nodulous. Two specimens of 
florentiana (Fig. 16) from Shoals Creek a t  Bailey Springs, 
above the Killen locality, are also somewhat nodulous. 

To see whether the alterations of Lithasia of the Duck and 
Buffalo rivers downstream to upstream could be demonstrated 
inathematically an index was obtained by dividing the great- 
est diameter in millimeters of each adult and nearly adult 
shell by the length of the last two whorls. The whole length 
of the shells could not be measured for the purpose because 
of the varying amount of erosion of the spires. The following 
table gives the result. 

number of 
shells 

Duck R., so. of Waverly, Humphreys Co., Tenn. . . . 30 
Centerville, Hickman Co., L L  ... 40 

' I  Coluiizbia, Maury Go., I I ... 81 
Wilhoite, Marshall Go., L L ... 38 
Xhel'byville, Bedford Co., L L ... 1 3  

I L  Manchester, Coffee Go., I L ... 25 

Euffalo R., no. of Lolbelville, Perry Co., " ... 50 
I I above Linden, I 1: I L ... 45 

index 

After several months, the lots from Duck River south of 
Waverly and Buffalo River above Linden were remeasured 
to test the possible personal error. The first measurement of 
the Duck River shells gave an index of 80.65, the second mea- 

* 1136 
surement 79.09, personal error 4. The first measurement 
of the Buffalo River specimens gave an index of 75.87, the 
second measurement personal error - .09. 

7Kq b 
VARIATIONS IN ANCULOSA 

Plate I, Figs. 13, 15, 17 

A characteristic pleurocerid of the Ohio and Alabama 
rivers systems is the genus Anculosa. It occurs for the most 
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part in fast water and disappears where the streams wear 
down to grade. The shell is thick and globose. I ts  large body 
whorl tends to enwrap the spire and adolescent whorls, some- 
times so burying them that the top of the shell is planospiral. 
The genus is more sharply cut off from other genera of the 
Pleuroceridae, morphologically and in the characters of the 
radula, than these other pleurocerids, with the exception of 
Ea~rycaelon,  are differentiated from one a n ~ t h e r . ~  The Ancu- 
losae of the Ohio system are a more compact group than those 
of the Alabama drainage. Though they have been given 
several specific names they are obviously of the same stock, 
and in places certain of them inhabit the same waters and 
can be separated only with difficulty. 

I t  is clear to the eye than the Anculosn of the main parts 
of the Cumberlalid and Tennessee rivers is higher in propor- 
tion to dianieter than are shells of headwaters and tributaries. 
Anculosae from several different locations were measnred and 
compared without reference to the specific designations they 
bear. The body whorl alone conld be made use of, in this case 
for taking the height, since in many instances erosion had 
eaten away all the earlier whorls. The height of the body 
whorl was divided by the greatest diameter in millimeters. 
I n  the following table are the measurements of shells from 
four tribntaries of the Cumberland River and a single set of 
measurements of specimens from the main stream, this lot 
being the only one'available in comparable numbers. 

ntuuber of 

-- 
slrells 

- 

enley Fork, Tenn. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 89.7 
t o n s  R i v e  e n .  . . . . . . . . . . . . . . . . . . . . . .  41 75.8 

. . . . . . . . . . . .  EIarpeth River, near Shacklett, Tenn. 28 81.7 
i i Bdlevievv, I L 38 81.1 . . . . . . . . . . . .  

. . . . . . . . .  Ringgold Creek, Montgo~nery Go., Tcnn. 45 73.6 
. . . . . . . . . . . . . .  Cumberland River, Russell Co., Icy. 33 92.3 

2 It  is understood that certai~l species, f o r  example ca~inata, tvilineata, 
vi~gata, and ornata, though monographed with Anculosa, are not true 
Aneulosae. See Calvin Goodrich, "The True Position of Brugiere's 
Bulii~lus Carinatus," Nautilus 46 (1932) : 38-40. 
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The following table deals with Anculosae from two large 
headwater streams of the Tennessee River, the Tennessee 
River in Alabama, and three of its Alabama tributaries. 

Clinch R., Cdar Bluff to St. Paul, Va. . . . . . . . . . .  38 
.... " Union and Anderson counties, Tenn. 47 

........ near mouth of Emory R., Tenn. 45 

. . . . .  No. Fork Holston R., above Kingsport, Tenn. 51 
.................. I-Iolston R., Rogersville, Tenn. 13 

............. " near Morristown, Tenn. 56 

....... Tennessee R., Bridgeport to Florence, Ala. 92 

Paint RocB R., Ala. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
Flint River, Ala. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
C p r e s  Cree, a .  . . . . . . . . . . . . . . . . . . . . . . .  22 

Remeasurements were made of lots from Cumberland River, 
Paint Rock River, and Ringgold Creek. The first measure- 
ment for Cumberland River gave an index of 92.3, the sec- 
ond 93.11, personal error + .81. Paint Rock River, first mea- 
surement 85.6, second 86.5, personal error + .9. Ringgold 
Creelr, first measurement 73.6, second 75.27, personal error 
+ 1.67. 

DIS~USSION 

I t  will be seen from Table I on pages 6 and 7 that low-spired 
forms of Lithasia obovata occur near the mouth of Green 
River, that high-spired forms occur in the upper reaches and 
tributaries of the river and that, in a general way, there is 
a progressive alteration of form downstream to upstream. 
Exceptions-as when the low-spired planospira accompanies 
the high-spired undosa in Drake's Creek near Mt. Victor- 
make i t  clear that a certain position in a stream does not de- 
termine in itself the form of mollusks occurring there, but, 
much more likely, the ecological conditions prevailing there 
do. This is further indicated by the shells from the locality 
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eight miles south of Campbellsville. Specimens taken from 
the river there were all of the form zlndosa. From the slough 
beside the river at  this place, the shells were almost entirely 
of the form sordida. 

Better examples of a progressive change are the members 
of the Litltasia geniculata complex of Duck River and the 
tributary Buffalo River. What may be called the index of 
obesity is high near the mouth of Duck River and lowest in 
a swift and broken stretch close to the source of the stream. 
The same rule holds good in Buffalo River. These findings 
are comparable with those of Ortmann (1920) in the case of 
the Unionidae, namely, that "the more obese (swollen) form 
is found farther down in the large rivers, and passes gradu- 
ally in the upstream direction into a less obese (compressed) 
form in the headwaters"; and that "with the decrease in 
obesity often an increase in size (length) is correlated." 
Adams (1900 and 1915) found that l o  of the Tennessee 
River system goes through progressive alterations of relative 
diameter and relative variability though, since his interest 
was in changes of sculpture, he did not emphasize this phe- 
nomenon. Locard (1894)) observing that mollusks in the 
water mains of Paris were more lengthened than the shells 
living under more natural conditions, explained i t  as "due 
to the mechanical action of a steady and rapid current," and 
i t  may be that this is one of possibly several factors which 
differentiate the high-spired lithasias of upstream localities 
from the low-spired shells near the mouths of rivers. Corre- 
lations between marine mollnslis and their ecological situa- 
tions have been noted by numbers of observers. Russell 
(1907), for instance, reported that (' . . . high-water limpets 
of Europe are at  all stages higher spired than the low-water 
limpets"; Cooke (1895) noted that Pzcrpzcrea lapillus in sliel- 
tered situations is higher spired than in exposed places; and 
Miller (1922) that variations in Teredo navalis of San Fran- 
cisco Bay are "definitely correlated with factors of environ- 
meni, especially salinity and temperature. " 
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I n  Anculosa, environmental polymorphism, to use a term 
devised by Conklin (1898), is less simple than in the lithasias 
that have been studied. The main river anculosae follow the 
rule of having shorter spires than the upriver and tributary 
colonies. There is also another environmental modification. 
The body whorls of main river anculosae are higher in pro- 
portion to diameter than those of head and tributary waters. 
As will be seen by the table dealing with the Tennessee River 
system, the changes are irregularly progressive. While the 
shells from the Holston River near Morristown, Tennessee, 
had an index of slenderness as high as 95.3, those of the 
Tennessee River in Alabama, Bridgeport to Florence, much 
farther downstream, were 91.3. I t  is to be remembered that 
the Tennessee River at  Muscle Shoals, Alabama, undergoes 
a sort of rejuvenation in which the ecological conditions tend 
to reproduce those of headwaters. This explanation for the 
drop in the index of slenderness is supported by the fact that 
the fourteen specimens from Bridgeport, whi'ch is above the 
rapids, have an index of 99.2-conforming to expectations if 
progressive changes are admitted. At Rogersville, Tennessee, 
the Holston River shells have an index of 92.4; fourteen shells 
from Big Creek, Rogersville, have an index of 84.7. We have 
there in a very short distance a contrast between anculosae of 
a large stream and a small one. 

Wiebe (1926) has found that the occurrence of obese in- 
dividuals of Goniobasis livescens (Menke) in Lake Erie is 
correlated with exposed situations, heavy wave action requir- 
ing the mollusks to have a large foot to retain a position on 
the stones and the large foot determines the large aperture 
which, in turn, brings about a relatively great obesity. Small- 
apertured and more slender mollusks are correlated with 
sheltered localities. An ecological analogy would appear to 
exist between the exposed situations of Lake Erie, inhabited 
by obese G.  livescens, and the rapid and sometimes tumultu- 
ous southern creeks and river headwaters where obese ancu- 
losae have their habitats, and again between the sheltered 
bays of the lake and the relatively slow and constant waters 
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of the main parts of southern rivers where the anculosae are 
high in proportion to diameter. To see whether this assump- 
tion would be borne out statistically, fifty specimens of 
G. livesce?zs from exposed localities and fifty from protected 
places of Lake Erie were measured exactly as were tlie ancu- 
losae. These gave : 

numbers index 

. . . . . . . . . . . . . .  Exposed Goniobasb 50 96.9 
. . . . . . . . . . . . .  Sheltered Goniobasis 5 0 103.5 

Thus in both Goniobasis and Ancz~losa,  the reaction to harsh 
conditions is a relatively broad shell, and to conditions less 
clisadvantageons the reaction is a relatively high shell. 
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P L A T E  I 
FIG. 1. Li t l~as ia  obovata (Say),  form undosa, partly grown. Little 

Barren River, Green County, ICentucky. 
FIG. 2. Lithasia obovata (Say),  form sordida. Bay's Fork, 2 miles 

north of Halfway, Allen County, Kentucky. 
FIG. 3. Lilhasia obovata (Say),  form planospira. Green River, 

Browasville, Edrnonson County, Kentucky. 
FIG. 4. Lithasia obovata (Say),  form consangvii~ea. Long Creek, 5 

miles east of Scottsville, Allen County, Kentucky. 
FIG. 5. LitJ~nsia obovata (Say),  forin curvilabris. Barren River, 1 

mile west of Finney, Barren County, Kentucky. 
FIG. 6. Lithasia obovata (Say),  form sordida. Trainme1 Creek, 5 

miles southwest of Scottsville, Allen County, Kentucky. 
FIG. 7. Lithasia obovata (Say),  form pla~~ospira .  Green River, 

Mainmoth Cave, Edmonson County, ICentucky. Adult natural size, 
young enlarged. 

FIG. 8. Li t l~as ia  obovata (Say),  form undosa. Nolin River, 13 miles 
south of Glendale, Hardin County, I<entuclry. 

FIG. 9. Litl&asia obovata (Say),  form tcndosa. Slough of Green 
River, 8 miles south of Campbellsville, Taylor County, IZentuclry. 

FIG. 10. Lithasia geniculata fzcliginosa (Lea).  Duck River, Coluin- 
bia, Maury County, Tennessee. 

FIG. 11. LitT~asia geniculata pinguis (Lea).  Duck River, Manches- 
ter, Coffee County, Tennessee. 

FIG. 12. Lithasia obovata (Say),  forin depjlgis. Mud River, 3 miles 
east of Duninor, Logan County, Kentucky. 

FIG. 13. Ancrblosa zl~nbilicata Wetherby. Ringgold Creek, Montgom- 
ery County, Tennessee. 

FIG. 14. Lithasia ge?ziculata Haldeman. Duck Itiver, Centerville, 
Hickinan County, Tennessee. 

FIG. 15. Anczclosa subglobosa Say. Clinch River, St. Paul, Russell 
County, Virginia. 

FIG. 16. Lithasia salebrosa (Conrad), near subspecies or f o r n ~  
florentiana (Lea) .  Shoals Creek, Bailey Springs, Lauderdale County, 
Alabama. 

FIG. 17. Ancz~losa praerosa Say. Cumberland River, Russell County, 
Kentucky. 

FIG. 18. Lithasia salebrosa florentiana (Lea).  Shoals Creek, near 
I<illen, Lauderdale County, Alabama. 

FIG. 19. Lithnsia salebrosa (Conrad). Tennessee River, Florence, 
Lauderdale County, Alabama. 

All figures natural size except b, fig. 7. 






