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ADVERTISEMENT

The publications of the Museum of Zoology, University of Michi-
gan, consist of two series—the Occasional Papers and the Miscel-
laneous Publications. Both series were founded by Dr. Bryant
‘Walker, Mr, Bradshaw H. Swales, and Dr. W. W. Newcomb.

The Occasional Papers, publication of which was begun in 1913,
serve as a medium for original studies based principally upon the
collections in the Museum. The papers are issued separately to
libraries and specialists, and, when a sufficient number of pages have
been printed to make a volume, a title-page, table of contents, and
index are supplied to libraries and individuals on the mailing list
for the entire series.

The Miscellaneous Publications, which include papers on field and
museum techniques, monographic studies, and other contributions
not within the scope of the Occasional Papers, are published sepa-
rately, and as it is not intended that they will be grouped into vol-
umes, each number has a title-page, and, when necessary, a table of
contents.

FREDERICK M. GAIGE
Director of the Museum of Zoology
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GONIOBASIS OF THE COOSA RIVER, ALABAMA

This is the third paper devoted especially to the Pleuroceridae of the
Alabama River system ; the first, dealing with Anculosa, was issued in 1922,
and the second, revising the genus Gyrotoma, received publication two
years later. As before, the extensive collections of H. H. Smith in the Ala-
bama Museum of Natural History have served as the foundation for the
study. Mr. Smith for some time resided at Wetumpka near the mouth of -
the Coosa River. He later made a trip by small boat from Rome, Georgia,
downstream. He wrote letters from localities in counties immediately
above Wetumpka, but whether he adventured through the last series of
rapids is not made clear from copies of his correspondence that are at hand.
A return was made to the middle river rapids during the period that water
was impounding behind the new dams, and he tells in that same corre-
spondence of staying at Fort William Shoals until the last day they were
available for collecting. It is known that he was on the river at Cedar Bluff,
Cherokee County, Alabama, after this, and not long before his death he spent
an autumn month with Dr. Bryant Walker on the Georgia head streams.
Altogether, he touched the Coosa at more localities than has any other
person interested in the Mollusca. He visited virtually all of its tributaries.
He made careful notes as to locations and occasionally penned brief habitat
observations. If now his notes are inadequate, it is because present day
labors of the kind demand more detailed information and not because of
lack of conscientiousness in the collector.

Dr. Isaac Lea, who gave names and descriptions to the bulk of Coosa
River goniobases, received the largest amount of his material from Dr. E.
R. Schowalter® who lived at Uniontown in Perry County, Alabama, and,
besides collecting in streams nearer his home, visited such parts of the Coosa
River as could be reached by railroad. If shells seen from Washington
County, Alabama, are of his taking, he also journeyed down the Alabama
River. He collected shells in quantity, as is attested by the great numbers
of them that are in the Alabama Museum and which, in a degree, represent
only salvage of a much larger collection. To judge by specimens of his
supplying that are in northern museums, he let them go a little grudgingly.
It seems likely that he had in mind to keep the mass of them together for
studies of his own. As the war between the states ended his field journeys,
so also it broke the thread of his interest in mollusks. Finally, the shells
had to be rescued from the under side of a cellarless house, part of them by
means of a shovel (Smith, 1909). The weakness of the Schowalter collec-

1 This name was spelled Showalter in all the early literature on Alabama mollusks.
In a note in the Nautilus, 27, 1914: 96, H. H. Smith corrects the spelling to Schowalter
on information from Dr. Schowalter’s son.
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tion is that few of the lots are more specifically labelled than ‘‘ Coosa River,”’
‘‘Cahawba River,’’ or ‘‘Marengo County, Alabama.’’

Truman H. Aldrich was the immediate follower of Schowalter. Some
of the Pleuroceridae that he took in the Alabama River at Selma appear
now to be locally extinct by reason of field wash and dredging for navigation
purposes. A collection that he made in the Coosa River where it borders
Chilton County, Alabame, represents the first venture into an area that is
still not very easy of access. In the 1880’s, Dr. R. E. Call visited the Coosa
headwaters and the river at Wetumpka. It is his material that is most
extensively distributed in the museums. In -value, collections made by H.
H. Hinkley in the Coosa in 1903, at Wetumpka and two localities of the
middle river, rank next to those of H. H. Smith. In addition to a pains-
taking habit, Hinkley had a liking for small mollusks, frequently ignored,
and he brought to light the hitherto unknown genera Amphigyre and
Neoplanorbis, apparently confined to the Coosa River.

Only the species of Goniobasis inhabiting either the Coosa River or the
Alabama River are dealt with in this paper, the species restricted to tribu-
tary streams are ignored for the present. With one exception, these riverine
species have certain gross characters in common. They are thick. In
adult life, they have cylindrical phases even if they are not always cylin-
drical. Apertures are large in proportion to shell size. Plicate sculpture
is likely to be vestigial, and striate sculpture, if present, generally takes the
form of broad, flattened folds. Superficially, the shells resemble one another
so closely that Tryon, who monographed the family, lumped the most of
the Coosa and Alabama River goniobases under one sectional heading. In
an earlier paper (Goodrich, 1935a), I have shown that G. caelatura (Conrad)
of the river, a heavy, cylindrical, strongly striate shell, has allied creek
forms that are relatively thin, conie, and limited in sculpture. This may be
true.also of other river species, but it is still to be demonstrated. The
impression now is that most of the true riverine species stand apart today,
their small-stream ancestral forms persisting as the streams themselves
went through their evolution from small to large. In any case the affinities
of goniobases of Coosa River aspect are not with species geographically
distinet.

Twenty-four species have been recognized. Of these, three are new and
two have been supplied with names to take the place of names preoccupied.
This leaves a synonymy of seventy-one names—a number so large that
explanation is called for if not a measure of fervent defense. At the price
of repetition, a certain amount of history must be recited.

Most Pleuroceridae received description from Dr. Isaac Lea, one time
president of the Academy of Natural Sciences of Philadelphia and vice-
president of the American Philosophical Society. He was a member of
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learned associations ranging from the Asiatic Society of Bengal to the Royal
Northern Antigquarian Society of Copenhagen. He bore an honorary degree
from Harvard University. He was, unquestionably, one of the dominating
figures in the science of his time, and it is clear from his biographical account
that men of more assured fame than his were proud to pay him respect.
On top of this, he enjoyed easy access to publication the while that such a
one as Audubon was compelled to solicit subscriptions to his works. It
was natural then that geologists, clergymen, gentlemen planters, army
officers, and travelers in general should send him, rather than others, the
shells they came upon. So from 1827 to 1874, Dr. Lea issued papers on
mollusks, some of them formidable in size and expensively illustrated. As
a sort of lord of the ascendant, he was truculent in controversy and vigor-
ously stood by the names he devised and the descriptions he put forth.
It was, one must remember, a competitive era among naturalists. Now so
far as the Pleuroceridae were concerned, the deseriptions followed a formula
so zealously that many of them are interchangeable—what will fit one species
will do as well for others. Names were duplicated. Where an under-
standing of a species requires long series of specimens, Dr. Lea was fre-
quently content with a single specimen, and that it was broken or malformed
did not always serve as a brake on publication. Not once or twice, but
several times, the types in the Lea collection of the United States National
Museum are mixtures of species. Revision has been partly a task of dis-
entangling and partly a business of reconstruction. TUnder the circum-
stances, the synonymy of seventy-one names was inevitable. It may be
said to have been forecast by the temperament of an industrious, incautious
and, I have no doubt, a likable personality. Of J. G. Anthony, who named
some of the Coosa pleurocerids and more of those of the Cahaba River, the
truth appears to be that he took Dr. Lea as a pattern and was handicapped
by physical disadvantages. G. W. Tryon, Jr., undertook to bring order
among the Pleuroceridae, attacking the subject with good will if not
with boldness, but the shadow of his fellow-townsman, Dr. Lea, was at
his right hand. :

Eighteen of the recognized species fall into five natural groups. Of
the groups, three have members that inhabit both the Coosa and the Alabama
rivers. One of the other two groups is confined strictly to the Coosa and
the second to the Coosa and a few of its small branches. TFive species are
left standing separately. One of them more nearly approaches the genus
Gyrotoma than any other species of Gomiobasis. One has developed a
specialized form of operculum that has been seen nowhere else except in
Anculosa. One is racially in course of obsolescense, betraying in at least
two regards the stigmata of decadence. The two other species are some-
what anomalous. They have characters that are more or less common to
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most of the riverine goniobases, but neither of them has any particularly
outstanding character of its own. They are recognizable as species on the
sum of characters, their differentiation from associated species, and the
fact that they colonize. Iour of the five monophyletic species are restricted
sharply to the Coosa River, and one is confined to the Coosa and the lower
parts of two or three Coosa tributaries.

The table shows the distribution of the riverine species graphically.

Three faunal zones in the Coosa River and one in the Alabama River
may be fairly defined by the occurrence within them of species either at
their most flourishing stage in point of numbers or restricted to.them.
Similar zones oceur in the Ohio, Cumberland, Tennessee, and Green of Ken-
tueky rivers, but are there demarked most sharply by changes in genera or
changes in the configuration of species rather than by a linear sequence
within a single genus.

The first of these zones extends from Rome, Floyd County, Georgia, to
the vicinity of Ten Island Shoals, St. Clair County, Alabama. Included
are those parts of head streams which contain riverine goniobases. Two
species belong here.

G. caelatura G. macglameriana

The first of these is associated with creek species in at least the Cona-
sauga River. Before Rome is reached in the Ostanaula and Etowah rivers,
creek goniobases have dropped out, leaving caelatura alone. This and
macglameriona are the only species of Goniobasis in the Coosa from Rome
to the neighborhood of Cedar Bluff, Cherokee County, Alabama.

The second zone takes in the rapids from Ten Island Shoals to a point at
or near The Bar, Chilton County, Alabama. It has nine representative
species.

@. alabamensis G. pilsbryi
G- clausa G- pygmaea
Q. jonest Q. impressa
G. lachryma G. crenatella
Q. gibbera

Only three of these species have the ‘‘full run’’ of the zone. Four are
upriver species within the zone; one begins at about the middle of the zone
and ends, with four others, at The Bar. ’

The third zone extends from The Bar to Wetumpka, Elmore County.
It has one exclusive species. 4

G. haysiana

A fourth zone may be defined as that part of the Alabama River which
extends from a short distance above Selma, Dallas County, to Claiborne,
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Monroe County. It is probably extensible at both ends into areas that have
not yet been explored. It contains, besides G. venuxemiane which is also
in the Coosa River, two species: G. pupoidea, G. olivula. :

Fourteen species are in these four lists. Nine are left which may be
considered overlapping species, and a tenth is an inhabitant of the Tom-
bigbee and Black Warrior rivers. '

The chief peculiarity of the Coosa River is its prolonged juvenility.
Most streams defined as rivers go through the stages of turbulent hurry,
smoothly flowing middle life, and, at last, a deep and frequently stagnant
period. Ruling out backwaters and a few lake-like expansions, the Coosa
is fast flowing throughout virtually the whole of its length. It has the
usual head streams rapids. There is a series of rapids midway in its course.
On the falls line at Wetumpka, the river is interrupted by a number of
bold reefs. Whatever old age the Coosa has is in the few miles between
Wetumpka and the junction with.the Alabama River. ‘‘All conditions,
physical, chemical and biological, gradually change with distance along the
main channel [of a river] and in a definite direction’’ (Welech, 1935). In
the case of the Coosa River, the very early physical conditions have been
very largely retained beyond the common rule. It is conceivable that the
chemical conditions, although altered from those of head waters, have not
altered so much as in a river of the more usual type. The result is a sort
of biological fixity. Goniobasis, which is ordinarily a genus of small
streams, has persisted far beyond the point where commonly it ceases to be
a part of the molluscan fauna. It has gone through adaptations to resist
the stronger stream flow, the greater pressures and the more lasting tur-
bidity of flood, the prolongation of deep submergence. The Alabama River
is a more quiescent stream than the Coosa, but not so much so as the lower
Tennessee and Cumberland rivers that are untenable for Goniobasis.

Unpublished chemical data on the Cahaba River show that the pH of
that stream increases slightly in a downstream direction and that the car-
bonate content remains nearly uniform from upstream to downstream.
Both were found to be higher in the Jefferson County, Alabama, creeks
than in the main Cahaba. As the Cahaba closely repeats the physical
conditions of the Coosa, it seems highly likely that the chemical conditions
of the latter river are much like those prevailing in the smaller river. There
are slight differences in temperature with depth in a swiftly flowing river,
and there can be small temperature differences as between the upper Coosa
and the stream at Wetumpka. As a factor in the differentiation of the
species, temperature may in all likelihood be ruled out. It is, indeed, not
certain whether high temperature, a response to excessive light, or a breeding
habit is the cause of midsummer migration of pleurocerids to the under
sides of stones—a phenomenon observed in widely separated localities. So
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far as light is concerned, goniobases of small streams have been seen both -
where there is a maximum of sunlight and where strong light could scarcely
penetrate through bordering vegetation.

Pilsbry and Bequeart (1927) state that ‘‘the mechanical action of the
current not only regulates the several species that inhabit a river system,
but in some cases it may modify the morphological features of the shell.”’
. There is ground for believing that this mechanical action governs the dis-
tribution of such genera of the Coosa River as Amnculosa and Gyrotoma,
occupants of heavy current, but that it does so among the species of
Goniobasis is not so clear. I am inclined to believe that it is the principal
factor in modifying the proportions of pleurocerids in different parts of
streams (see Goodrich, 1934), and this is implied in the observations on
Goniobasis livescens of Liake Erie by Wiebe (1926)). Baily, Pearl, and
Winsor (1933) remarked that erosion in pleurocerids of Gunpowder River
of eastern Maryland ‘‘is chiefly accomplished by the action of silt carried
along by the current, and that this action is somewhat retarded by the
presence of sulphates in the water.’

It appears probable that the cause of the nearly universal apical erosion
among melanians is a combination of mechanical wear, chemical action, and
attack by confervaceous algae. Such erosion varies irregularly in the
Coosa-Alabama area. It is more conspicuous just within the mouth of
Yellowleaf Creek, Shelby County, than in the adjacent Fort William Shoals
of the Coosa River, more so in the Alabama River near Camden, Wilcox
County, than at Selma above and Claiborne below this station. The mechan-
ical action of the current, by shifting gravel and sand, is responsible for a
great deal of destruction among the Pleuroceridae. Floods should be
included under this head. In a letter, H. H. Smith spoke of revisiting
Buck Creek at Helena, Shelby County, the summer after a freshet and
finding the stream nearly barren of mollusks whereas, a year or two before,
they had been abundant there. The same place in 1935, when Dr. Henry
van der Schalie and I stopped there, had an enormous population of snails.
Probably such instances of depopulization and repopulization have occurred
repeatedly among rapids communities, and that they have played an impor-
tant part in the dispersal of species, increasing one and altogether destroy-
ing another, may be drawn from such facts.

To a large extent, the goniobasic fauna of the Coosa River must be
spoken of in the past tense. The habitat has been altered by dredgings for
the improvement of navigation. . The middle river rapids have been covered
by impounded waters of the dams of the hydroelectrical companies. In
addition, there has been a great increase in turbidity and silt accumulation
by reason of the field wash. It is probable that the temporary turbidity of
flood seasons has changed to permanent or nearly permanent turbidity.
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Ellis (1931) describes the smothering effect of silt upon Unionidae of the
upper Mississippi River. In the case of the Pleuroceridae of the Coosa
River, this might not, it seems likely, be directly destructive since all exeept
a comparatively few individuals live close to the surface and so long as their
gills remain moist can exist where there is a mere film of water. Yet tur-
bidity limits the plant growth which is dependent on considerable illumina-
tion, and silt tends to choke the deeper vegetation—and plant growth serves
the goniobases not simply as food, but also often as anchorage. The eco-
nomic aspect of the situation is that the Pleuroceridae have their place in
that biota which maintains fish life.

Aside from the taxonomie revisions, the main purpose of this study, a
few general conclusions are warranted, namely :

The colonies in which the least shell variation is shown are those at the
very head of the Alabama River system and those at the end of the range of
Pleuroceridae in the system. This is in keeping with findings in other drain-
age basins.

The alteration from a conic shape to a cylindrical shape occurs at an
earlier stage in riverine species than where these species invade tributary
streams. In other words, this kind of acceleration is at a faster rate in the
river than in the creeks.

Plicate sculpture is more marked in creek forms than in river forms, per-
sisting also for a greater number of whorls. A tendency is observable of a
reduction or loss of striate sculpture in striate species than enter the creeks
from the river.

Elliptical or elongate-ovate apertures are the mark of riverine forms
rather than of creek forms, among which ovate apertures are the rule.

The penetration of riverine pleurocerids into the creeks is farthest in
those small streams which have most nearly worn down to grade, such creeks
in their lower parts approaching the stage of river estuaries.

No definite rule as to the oceurrence of color bands in reference to posi-
tion in stream could be noted among the goniobases of the Coosa and Ala-
bama rivers. There does appear to be such a rule among shells of small
tributaries, color banding increases in a downstream direction.

Hard and fast distinctions as between some of the species is 1mposs1b1e
There is, for example, an overlapping of G. caelatura and venuzemione in
the upper river, vague differentiations occur between @. clausa and alabam-
ensts at localities both above and below Ten Island Shoals, and there is a
transition of G. alabamensis to haysiana in the Coosa River opposite Chilton
County. Compared with the sharp specific differentiations that are obvious
in certain families of Mollusca, several of these Pleuroceridae can only be
called ecological races. They are ‘‘good’’ species to the degree that rela-
tively constant lines can be drawn, and no more.
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THE OPERCULUM

Opercula of Coosa and Alabama rivers goniobases have (@) remained
stable, (b) gone through modifications without apparent loss of function,
(¢) experienced modification with apparent deterioration of function. It
will be convenient to discuss them by this grouping.

The single representative of the stable or unaltered type of operculum
is that of G. crematells. The species belongs to the most widely spread
group of the genus. In all members of the group, the operculum is broadly
ovate to broadly elliptical. The nucleus is set off from the margins, and
the well-defined spiral lines are very loosely coiled, sometimes occupying
an area fully half the whole diameter of the organ. There is firm ground
for considering this the most primitive type of operculum oceurring among
recent melanians. In the text of this paper, I have followed Pilsbry and
Bequeart (1927) in using the term paleomelanian as deseriptive of the
crenatella form of operculum. Still primitive and yet not so much so as
to be called paleomelanian in a strict sense are opercula of G. capillaris,
pupaeformis, and members of the vanuzemiana group. Here the organ
has become more narrowly ovate, the nucleus is relatively nearer the left
margin, and the spiral lines are less loosely coiled. There are some slight
differences in shape among the species and rather more marked differences
in size. In one instance, the latter appears to have an environmental bear-
ing. These opercula may be accepted as steps toward the neomelanian type.

The operculum in the group of G. olivula is clavate, the greater diam-
eter being as a rule below the center. The nucleus and the spiral lines
are more or less sharply defined, and they are pushed toward the left or,
in individual cases, upon the basal margin. Variation in size is correlated
with size and age of the shells. Opercula of the group of G. hartmaniana
have undergone a similar tightening of the volutions, but in shape the
opercula are broadly ovate. In no instance was an operculum found to
have the acute apex which is frequent in the olivule group. Size conforms
to the large apertures. The operculum of tmpressa is large, broad, ovate
to nearly rectangular—in old specimens almost shapeless. The spiral lines
have become so tightly coiled as to be difficult to make out except in the
young. Through wearing, the early nucleus and whorling may be lost.
Such an operculum is typical in the genus Gyrotoma to which impressa is
allied in certain characters of shell and radula. In:fusiformis, the rib-like
growth lines, representing early margins, have thickened and extended.
They give the basal and the right margins a serrate appearance. The phe-
nomenon beging early in the life of the snail, as can be seen in the spiral lines.
The operculum of G. pilsbrys stands alone in Gonobasis although oceurring
in Anculosa and Nitocris. The nucleus has disappeared. There is no
coiling. New growth is by extension of the left margin, equally at top and
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base. The appearance of an operculum in a mature specimen of pilsbrys
is that of a very small wood shaving. In all these, from olivulae
to pilsbrys, the operculum has retained its door-like protective funection.
It is neomelanian in the sense the term is employed by Pilsbry and Bequeart.
Through acceleration, whorling has been completed at an early stage in the
life history of the animals and, in pilsbry?, carried so far as to be eliminated.

The operculum in the group G- haystana is uniformly small and ovate.
The area of the spiral lines is usually indented. In @G. brewis, the operculum
is thin, elongate. The whorling has been crowded toward the left, often
appearing as a vestigial feature on the basal margin. In both these in-
stances, it would seem as if the operculum scarcely serves anything except
a meager protective purpose. The species are progressing toward a non-
operculate stage.

It should be explained that there is a good deal of individual variation
in the opercula of the pleurocerids. Certain colonies, probably by reason
of their position on rocks in heavy current, have eroded opercula, the wear-
ing usually involving the lower part of the left margin. With age the
operculum is often thickened, darkened, and misshapen. Instances have
been seen of a sort of twinning, the operculum having two apices. In a
letter, H. H. Smith reports finding instances in which the opercula had been
lost and partially renewed. I have come upon no such example among Coosa
River pleurocerids but believe that I have seen it in species of a tributary
of the Tennessee River.

The operculum, as a whole, furnishes a simple historical record. Glimpses
are supplied of evolutionary tendencies, unquestionably of local differences
in animal behavior, and possibly of specialization as in @G. fusiformss and
pilsbrys.

TaE RADULA

A. H. Cooke wrote in 1895 that ‘‘the radula . . . serves as a test for the
distinetion of genera and species.”” The test has lost its infallibility during
the passing of forty years, for the radula, it has been learned, is not a con-
stant. It is subject to change the same as the exo-skeleton of the gastropod,
and the change may involve the individual mollusk, the colony to which it be-
longs, or all its race. On the strength of its operculum and sculptural
equilibrium, @G. crenatelle may be accepted as the most primitive of any
goniobases of the Coosa and Alabama rivers; nevertheless, its radula has
nothing that distinguishes it sharply or even a little less than sharply from
species of the river system that obviously have undergone comparatively
recent evolution.

I have examined about seven hundred radulae of the Pleuroceridae.
Cleanly cut characters have been found in Anculosa and Eurycaelon that
distinguish these from other genera. Pleurocera and Nitocris have small,
possibly degenerate, radulae, but so also have the members of the group
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of Goniobasts haysiana. One may tell the radulae of Io by their large size.
Yet otherwise, they are like the radulae of Goniobasis and Lithasta. About
twenty radulae of @. caelatura from seven different localities show five dif-
ferent counts of denticles of the outer marginals. The same count in
G- pilsbryi exceeds any in caelatura, but only one radula of pilsbryi has been
seen. It may well be, going upon the experience with caelatura, that another
specimen of pilsbrys from another locality would prove to have a different
radula count.

After a study of all available radulae of Coosa and Alabama River
goniobases, these bits of information may be put down for what they are
worth. The formula of the median tooth is usually 3-1-3. It may be 4-1-4
or 5-1-5, and is sometimes asymmetrical in the same ribbon. The same
colonies have the same medians as a rule. Laterals are the most fixed of
all the teeth although they show different folds or cusps according to the
different planes at which they are observed and whether they are in place
or torn from the ribbon. The inner marginals have fewer denticles than
the outer marginals, and are larger. In G. impressa and laeta, these mar-
ginals have a fist-like aspeet. This is true of these teeth in species of
Gyrotome. In shell characters the two species of Goniobasis appear to have
an ancestral relationship with Gyrotoma.

‘Where denticles of the outer marginals are large, they are few in num-
ber; where they are very small, they are numerous. G. hartmaniana,
1mpressa, and laeta, large shells, have few denticles on the outer marginals,
but jonesi, also a large shell, has relatively many, olivula, of smaller shell
size, has the fewest denticles observed. Howe (1930) noted that the count
of cusps in the radulae of G. livescens (Menke) of rivers of Wisconsin dif-
fered from the count in the same species taken in a small stream in Illinois;
the differences, by his figures, showed mostly in the marginals. He ventured
the hypothesis that such differences ‘‘may serve as a basis for distinguishing
ecologically distinet variations of Gontobasts livescens.”’ There is some
faint promise that this may prove to be sound. Much very careful field
observation would, of course, be required in order to establish it.

The radulae of carnivorous mollusks, such as the Oleacinidae, have
become adapted or specialized to conform to particular feeding habits.
Hinkley (1904) discovered @. hartmaniana to be rapacious, and this was
verified by Smith ; but as no special modification has been seen in the lingual
ribbon of the species, it is possible that hartmaniana is carnivorous in the
way that the Liymnaeidae are, not as an established habit, but only as oppor-
tunity offers. -

Group oF GonroBasis Haysiava (LEA)

The four members of this group are alike in that they have the same
epidermal texture, a slightly incurved outer lip, and a tendency to vary
the shape of the aperture from elliptical to ovate. All are subplicate on



18 CALVIN GOODRICH

the neanic whorls, the plication beginning and ending at virtually the same
points. They have, besides, the small Pleurocera-like operculum that, if
not degenerate, seems to be in course of obsolescence. In spite of these close
resemblances, there are differences among the mollusks that warrant the
retention of four specific names.

The first species of the group appearing in the Coosa River is G. clausa
(Lea). It is found in the section of the stream that borders Etowah, Cal-
houn, St. Clair, and Talladega counties, Alabama. Striate shells in this
section greatly outnumber the smooth shells. As smooth shells become
dominant, clause disappears. A second species, G. alabamensis (Lea),
inhabits shoals of Talladega and Shelby counties, and in lessening numbers
goes down to Chilton County. Striation in alabamensis nowhere affects
more than about thirty-five per cent of a representative collection. In
most instances this sculpture is microscopic. An overlapping of alabamensis
and haysiana (Lea), the third species, occurs in Chilton County. The pre-
vailing sculpture of kaysiana is of revolving striae. Smooth specimens are
comparatively rare. A fourth species, G. pupoidea (Anthony), lives in
the Alabama River. This shell, like alabamensis, is usually smooth on the
mature whorls. Beginning with cleusa above the middle river, we have a
gradient of striate pleurocerids, smooth shells, striate shells, and then smooth
shells again.

The operculum of the group reaches the greater part of its growth in
quite young individuals. After that, aceretions are small although pro-
portionate to age. The spiral lines are well-defined, and confined to the
lower third of the operculum. Commonly, the area of spiral lines is in-
dented. The only radula of any of the four species that I have been enabled
to examine is like that of Pleurocera in point of smallness. Otherwise, it
differs from most radulae of Gonobasis only in the denticle count of the
marginal teeth. The inner marginals have nine to ten cusps, the outer as
many as eighteen. Except in G. cartnifera whose outer marginals run to
eighteen or twenty cusps, and @. pilsbry: with a count of twenty, no
pleurocerid radula known to me is so multidentate.

GonroBAsIs HAYSIANA (LEA)
(PL. 1, Fig. 19)

Melania haysiana Liea. Proe. Amer. Phil. Soe., 2, 1842: 242,

To judge by several collections, this is the commonest pleurocerid on
the Wetumpka shoals. The young shell is conie, subplicate, frequently
bluntly angled at the periphery. With new growth, the shell becomes
cylindrical, the plicae are subdued or obsolete, and the conspicuous orna-
mentation consists of revolving striae. Of three hundred and seventy-five
Wetumpka specimens, 8.2 per cent lacked this sculpture. Color bands
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occurred in 38.3 per cent. Usually, they were four in number. The extreme
difference in diameter of fifteen shells that were measured was only two
millimeters. Yet to the eye, the difference seems so great that the inclination
is to consider the two forms to be specifically distinet. The average measure-
ment of the fifteen specimens was 24.16 mm. altitude by 11.46 mm. diameter.
Erosion has reduced these shells to three or four whorls. ' By matching
them with younger individuals, it would appear that haysiana develops ten
or eleven whorls in all. H. H. Smith took the species as far upstream as
The Bar, Chilton County. There is here an apparent mixture of haysiana
and alabamensis. A lot that in texture and general appearance is referable
to haystana comes from the Coosa River near the mouth of Yellowleaf Creek,
Shelby County. These were probably selected by the collector from among
the dominant alabamensis of the area. A habitat note made by H. H. Smith
reads: ‘‘In moderately swift water, in shallows.”’

SYNONYMS OF G-ONIOBASIS HAYSIANA

Melania oliva Lea. Proc. Amer. Phil. Soc., 2, 1843: 242, A very nearly
smooth form of haysiana.

Melania ovalis Lea (in part). Proc. Amer. Phil. Soc., 2, 1843: 242. The
different lots of ovalis in the Lea collection of the United States National
Museum are made up of G. haysiana and G- laeta Jay, 1839. The shell
illustrated by Tryon appears to be an adolescent specimen of laeta.

Melania arctata Lea. Proc. Amer. Phil. Soc., 4, 1845: 166. Described as
from Tuscaloosa, Alabama. It was, however, probably taken in the Coosa
River at Wetumpka. The type lot consists of seven shells. The specimen
selected by Lea for figuring is a narrow, distorted individual. Such shells
were found among normal mollusks at Wetumpka by Schowalter, Call, and
Smith, and can searcely be considered as very rare.

Melania harpa Liea (in part). Proe. Amer. Phil. Soc., 4, 1845: 166. This
has been a difficult mollusk to trace. All lots in the United States National
- Museum under this name were examined on two occasions without finding
any that could be set down as types. The original specimens were from
Dr. Budd, and the type locality was given as Tuscaloosa which was, it would
seem, merely the place from which the shells were sent to Lea. One lot of
the Smithsonian collection named harpa and labelled ¢‘ex auct., Tusealoosa,’’
consists of three shells of three species, vanuzemiana, lacta, and haysiana. A
single shell from Schowalter, identified by Lea as harpa, is vanuremiaona.
Some of Major Downie’s takings in the Conasauga River were also deter-
mined as harpa by Lea. - They are of caelatura Conrad. Lea speaks of the
species as resembling haysiana, and this I would take his illustration to be
although it has an appearance which partly grown laeta sometimes assumes.
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Melania coosaensis Lea. Proc. Acad. Nat. Sci. Phila., 13, 1861: 118. A
robust form of haysiana in which the aperture is more contracted than com-
monly. ‘‘Apparently confined to the shoals at Wetumpka and for 20 miles
above’’—(H. H. Smith).

Melania lewisii Liea. Proc. Acad. Nat. Sci. Phila., 13, 1861: 118. The
description would serve for laeta, but the types, I feel certain are of haystana.
They are old, heavy, and much worn.

? Melania gracilior Lea. Proc. Acad. Nat. Sei. Phila., 13, 1861: 118. The
name was preoccupied. Ellipsoides was substituted for it in Journ. Acad.
Nat. Sci. Phila., 1862: 234. Types were not seen. The description fits
haysitana. Lea distinguishes the shell from his coosaensis ‘‘in being with-
out bands except obscure ones on the upper whorls, and in having but few
raised striae.”” Tryon’s figure is of a specimen having four well-marked
color bands. Seven shells that were identified as ellipsotdes by Lea are
mixed alabamensis, bullula, and bellula.

? Melania orbicula Lea. Proc. Acad. Nat. Sci. Phila., 13,1861:118. Named
from one juvenile specimen. It escaped observation when the examinations
of types were made. The illustration and the description of shell and
operculum fit haysiane more than any other species.

? Melania nubila Lea. Proc. Acad. Nat. Sci. Phila., 13, 1861: 118. The
chief distinetion credited to this shell is its ‘‘dark, nebulous character.’
The types were not seen. The specimen figured is an old, possibly gerontic

individual. It came from the Coosa River at Wetumpka where haystana
is particularly abundant. I am inclined to think it is this species although
the deseription would do for laeta almost equally as well.

Melania glandaria Lea. Proc. Acad. Nat. Sei. Phila., 13, 1861: 120. Five
specimens in the type lot are all of haysiana.

Lithasita cylindrica Lea (in part). Proc. Acad. Nat. Sci. Phila., 18,
1866: 133. The description gives Schowalter as the collector, but the label
for the types puts down Wheatley as the source of the specimens. One of
the four types, the individual figured, has a basal sinus, undoubtedly patho-
logical. The type lot is made up of haysiana, one specimen; bellula, one
specimen ; brevis, two specimens.

GoxyroBasis puroipEA (ANTHONY)
(PL I, Fig. 15)

Melania pupoidea Anthony. Ann. Lyc. Nat. Hist. N. Y., 6, 1854: 104,
Pl. 3, Fig. 3.

The shells that Anthony deseribed came from the Cahaba River. The
collector was Dr. Schowalter. Part of the material from which Schowalter
made his selections for Anthony is in the Alabama Museum of Natural His-
tory. These specimens are pupaeform, high-spired, yellow-brown to rufous-
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brown in color. The whorls are convex, a little shouldered, and the last
whorl is somewhat flattened. The aperture is rather more ovate than that
of alabamensis and yet may be called elliptical. About half the shells seen
are microscopically striate, most of these revolving lines being on the bases.

Measurements in mm.

Altitude Diameter
23.25 9.75
21.25 9.50
16.75 10.00

Numbers of the species were taken by Clench and Van der Schalie in the
Alabama River, six miles north of Tyler, Dallas County, Alabama. The
young are pyramidal, angled, or carinate at the periphery, strongly plicate
on the neanic whorls, striate on the base. Of ninety-nine that were exam-
ined, 34.3 per cent were striate, mostly microscopically. As a rule, this
ornamentation was confined to the base. The percentage of banded shells
was 65.6 per cent of the whole number. The spires of the Alabama River
shells are shorter than the spires of the pupoidea taken by Schowalter in the
Cahaba River. Mollusks of this location have experienced more than the
usual amount of erosion, contrasting in this regard with specimens taken
at Selma in the same county. So far as known, the lowermost occurrence of
this species is at Selma. It does not appear in large collections from the
Alabama River, Wilcox County, and Claiborne, Monroe County. The
species has been taken in the Black Warrior River.

SYNONYMS OF GONIOBASIS PUPOIDEA

Melania propinqua Lea (in part). Proe. Acad. Nat. Sei. Phila., 13,
1861: 119. Types of this species came from the Coosa and Cahaba rivers.
Those from the Cahaba are this species.

Melania lita Lea. Proc. Acad. Nat. Sei. Phila., 13, 1861: 121. Named
from a single specimen. It is striate as are many individuals living in the
same colonies with non-striate mollusks.

Melania luteola Lea. Proc. Acad. Nat. Sei. Phila., 13, 1861: 119. This
form differs from the typical pupoidea only in being of larger size, having
a wider aperture and a brighter yellowish brown color. The young do not
develop plicae until the fourth or fifth whorl. This seulpture is seldom
strong. The operculum is the same as that of the rest of the group.

Melania corneola Anthony. Proc. Acad. Nat. Sei. Phila., 12, 1860: 61.
Three shells of the Schowalter collection in the Alabama Museum of Natural
History appear to be of the lot from which shells were sent to Anthony.
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The striae are low, nearly microscopie, covering the surface of only two of
the specimens. This is the character which Anthony accented. The shells
resemble young lithasiae, but probably belong to pupoidea.

GonrioBasis cLavsa (LEA)
(PL I, Figs. 21, 22)

Melania clausa Liea. Proe. Acad. Nat. Sci. Phila., 13, 1861: 120.

The ratio of smooth to striate specimens of this species occurring at Fort
William Shoals is about two to one. It is virtually one to five among speci-
mens taken farther upriver at Ten Island Shoals, Fomby Shoals, Leoto
Shoals, and near Gilbert’s Ferry, all in St. Clair County. The upstream
shells are irregularly nodose, some being so nodulous as to be mistaken for
G. lachryma (Anthony). Save in the matter of nodes, the resemblance of
the shells of St. Clair County is with haysiana. The specimens from Fort
‘William resemble alabamensis. _

It may be that clausa is merely a large form of alabamensis, but the two
are not together in the lots collected by Schowalter and Smith. This would
appear to indicate that they were taken at different positions on the shoals,
and there is evidence that different reefs of the same shoals in the Coosa
River are sometimes occupied by different species. There are ten specimens
in the Lea collection at the United States National Museum that were col-
lected by Schowalter. Omne is a freakish, bullet-like individual. It was
selected for illustration.

Measurements in mm.

Altitude Diameter

27.25 13.00 F't. William Shoals
27.00 12.00

26.50 12.75

23.50 12.00

24.00 12.25 Ten Island Shoals
23.50 12.75

23.00 12.75

22.50 _ 12.50

GonioBAsiS ALABAMENSIS (LEA)
(Pl 1, Fig. 8)

This is the middle river member of the G. haysiang complex. It occurs
in great numbers particularly on Fort William and Weduska shoals. Tran-
sitional individuals have been taken near the mouth of the Yellowleaf Creek
of Chilton County. The shell is distinguished from haysiana by its uni-
formly smoother surface and its greater compactness. Nuclear whorls are
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smooth. They are followed by small, strongly plicated, and carinated
whorls. As the conic shape of the shell alters into cylindrical, the whorls
are more tightly coiled, reaching their greatest diameter as a rule above the
periphery of the body whorl. A fully grown mollusk attains about ten
whorls. While many shells are striate, this ornamentation is usually much
less conspicuous than in haysieng and is frequently merely mieroscopie.
The ground color is yellow to dark brown. Occasionally a purple-black
shell is seen that is seemingly the result of hyper-secretion of the mantle
glands which control the deposit of color bands. "These are commonly four
in number. A single shell has been observed in which the bands are numer-
ous capillary lines as in the case of G. capillaris (Lea). The aperture is
usually elliptical, but a few of the river shells and most of the creek speci-
mens have ovate apertures. The ovate shape of aperture is correlated with
a bluntly rounded base. The columella is white, narrow, and seldom devel-
oped above the center. The outer lip is incurved from suture to below the
periphery.

The average of twenty-one shells from Weduska Shoals, which may be
taken as representative, is, altitude 20.97 mm., diameter 9.93 mm.

The proportion of striate to unstriate shells is:

Number Striatein %  Non-striate in %
Ft. William Shoals, Talladega Co. .. 120 33.6 63.3
Weduska Shoals, Shelby Co. ....... 139 22.3 77.7
Mouth of Yellowleaf Cr., Chilton Co. .. 26 30.8 69.2
Yellowleat Cr., Shelby Co. ........ 204 25.0 75.0

One lot of 2173 Weduska Shoals shells in the collection of the Alabama
Museum of Natural History was made up of 53.8 per cent unbanded speci-
mens and 46.2 per cent banded. Of 120 shells from Ft. William Shoals,
90.8 per cent were banded. Of these, 81.6 per cent had the formula of
four bands.

Schowalter sent alabamensis to Lea from Yellowleaf Creek, Shelby
County. The locality was near the mouth of the stream. The shells are
small, very plain, the characters rather poorly defined. In all seen by me,
the apertures are ovate. H. H. Smith also took the species in Choccoloceo
and Cahatchee creeks, Talladega County.

SYNONYMS OF GFONIOBASIS ALABAMENSIS

Melania quadrivittate Lea. Proc. Acad. Nat. Sei. Phila., 13, 1861 : 119.
. Although described as smooth, the four types show a striate sculpture. The
specimens are immature. ‘
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Melamia propinqua Lea (in part). Proe. Acad. Nat. Sci. Phila., 13, 1861:
119. Types were from both the Coosa and the Cahaba rivers. The Coosa
specimens are alabamensis.

Melania fallax Lea. Proc. Acad. Nat. Sci. Phila., 13, 1861: 120. The
"inflected columella of this form, to which Lea called attention, ocecurs occa-
sionally in all lots of alabamensis collected by Schowalter and Smith. It
appears to be only a slight individual variation. The types differ from
typical shells also in being darker and a little more cylindrical. The differ-
ences cannot be considered of importance.

Melania pudica Lea. Proc. Acad. Nat. Sci. Phila., 13, 1861: 120. No
types of this shell were found in the Lea collection although they were twice
sought. The description is not very helpful. Lea says his species is related
to aequa, which is alabamensis. The bulk of Schowalter’s collections in
Yellowleaf Creek, whence pudica comes, is in the Alabama Museum of
Natural History. Among them are many specimens corresponding to the
figure of pudica. I feel certain that the shell is only a smooth, reddish
brown form of alabamensis, a little thinner than shells of the near-by Coosa
River, more rarely banded, and otherwise indistinet of characters.

Melania rara Lea. Proc. Acad. Nat. Sci. Phila., 13, 1861: 121. The
one specimen from which this mollusk was described is a freakish form of
alabamensis.

Melania shelbyensis Liea (in part). Proc. Acad. Nat. Sci. Phila., 13,
1861: 121. The types are two in number. One is alabamensis.

Melania solidula Lea (in part). Proe. Acad. Nat. Seci. Phila., 13, 1861:
121. Another of the Yellowleaf Creek species. Lea says his types were
two, and that the shells were from Schowalter. There are thirteen speci-
mens in the Schowalter lot of the Lea collection. Four belong to bellula
and nine to alabamensis. The shell figured for solidula is alabamensis.

Melania aequa Lea. Proe. Acad. Nat. Seci. Phila., 13, 1861: 122. Also
a Yellowleaf Creek shell. The two types of alabamensis, one of them some-
what more striate than the other. Tryon places aequa near fumea.

Melania fumea Lea (in part). Proec. Acad. Nat. Sci. Phila., 13, 1861:
123. Again from Yellowleaf Creek. Of twelve specimens in the type lot,
five belong to alabamensis. _

Melania crepera Lea (in part). Proe. Acad. Nat. Seci. Phila., 13, 1861:
123. Seven of the eight specimens of the type lot are alabamensis.

Goniobasts osculata Liea. Proc. Acad. Nat. Sci. Phila., 14, 1862: 263.
The first reason that Lea gave for separating this form from alabamensis
was its smaller size. By Lea’s own measurements, the difference amounts
to three-fourths of a millimeter in altitude and one-fourth in diameter.
Tryon considered osculata nearer to fallax than to alabamensis.
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GROUP OF GONIOBASIS VANUXEMIANA (LEA)

The species of this group have the longest range of any of the goniobases
of the Alabama system. They extend from head streams of the Coosa River
in Georgia to the Alabama River at Claiborne, Monroe County, Alabama.
Three of the river species are strongly striate, one is smooth.” The shape of
the adults is usually cylindrical. In some tributary streams there are allied
species, subspecies, or formae (whatever their true position) wherein the
juvenile conic shape is retained into maturity. There is a corresponding
reduction of sculpture. These shells have been dealt with in an earlier paper
(Goodrich, 1935a), and it may be remarked here only that in a general way
the changes show a relationship with position in stream and stream size.

There are variations in the shape of the apertures of the river species
which, so far as can be learned, are not correlated with variations in shell
shape. Upstream and tributary forms of species that occur in the main river
tend to reduce the strength of revolving sculpture and emphasize the more
primitive axial seulpture. Studies of the color banding failed to show a
variation among the four river species as regards locality in stream. In-
stances of reduction of the spines and marked enlargement of the body
whorls, a phenomenon remarked in ILithasia elsewhere, were sporadic in
the Coosa River colonies of G. vanuzemione and common to those of the
Alabama River. A possible instance of acceleration of sculpture was
observed in @. caelatura, but not in the other three river species.

The operculum is virtually the same in all members of the group, being
of moderate size, usually triangular in shape, and having well-marked spiral
lines. Radulae show little variation except in the numbers of cusps of the
marginal teeth. From what has been seen of these radulae, it would appear
that the individuals of any given colony-have about the same number of
marginal denticles.

G ov1oBASIS VANUXEMIANA (LEA)
(P11, Figs. 10, 13)

Melania vanuzemiana Lea. Proc. Amer. Phil. Soc., 2, 1842 : 242.

This species overlaps a small part of the range of G. caelatura, appearing
in feeble colonies in the Coosa River bordering Etowah and St. Clair counties.
It is conspicuous first at Fort William Shoals, Talladega County, is particu-
larly common at Wetumpka, and inhabits the Alabama River as far down-
stream as Claiborne. A few creeks of the Coosa River are entered, but for
only a short distance above the mouths.

The shell is large, thick, yellow to dark brown, banded or without bands.
The apex is smooth to about the beginning of the fifth whorl, subplicate
(but not always) on the fifth and sixth whorls. Striae begin after the plicae
and continue as low, more or less crowded folds to the base of the body
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whorl. The shape is first pyramidal, becoming cylindrical. The last whorl
is flattened as a rule. The aperture of upstream shells is elliptical or
elongate-ovate. At Wetumpka it is more distinctly ovate. The columella
of a typical shell is narrow, white at the center and base, bluish at the top.
It is well developed only in the old. The outer lip is usually straight in
the young, incurved in adults, sometimes sinuous. The whole number of
whorls appears to be eight. Bands may be four or five, rarely capillary.
In the largest lot examined, 102 shells from Wetumpka, 52.9 per cent were
of four bands; 1.9 per cent of five, 2.9 per cent capillary. The rest, or 42.2
per cent, were without bands. In the Alabama River, eighty-four per cent
of ninety-four shells had four bands. The pigment of these bands was found
to be deposited frequently only in the periostracum. The plicae of the few
creek specimens seen were more pronounced than in the river lots.

Habitat notes by H. H. Smith (small stream three miles north of
"Wetumpka) : ‘‘Rare in shallows, on stones and logs;’’ (Wetumpka) ‘‘Shal-
lows west side of Coosa River, pools, generally still water or in gentle current,
backwaters.”’

Measurements in mm.

Altitude Diameter

Ft. William Shoals ............ 21.75. 11.00
Weduska, Shoals .............. 22.75 11.50
Duncan’s Riffle ................ 25.25 13.00
Wetumpka ................... 25.75 12.00
Wetumpka ................... 24.00 11.00
Wetumpka, ................... 21.00 11.25
Alabama