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A TAXONOMIC REVISION OF THE FRESHWATER SNAILS REFERRED
TO AS ELIMIA CUR VICOSTATA, AND RELATED SPECIES

Elizabeth L. Mihalcik' and Fred G. Thompson'

ABSTRACT

This study involves the costate-shelled snail Elimia curvicoslata (Reeve 1861) and spe-
cies closely related to or previously referred to it. The group is found in the Gulf Coastal
drainages of Alabama, Florida and Georgia, and to a limited extent includes some species
found in the Altamaha River system of Georgia. By necessity some species not closely
related to E. curvicostata are also discussed in order to clarify previous but erroneous taxo-
nomic assignments, and to clarify biogeographic relationships.

The following 13 species and subspecies are recognized as valid: Elimia annae n.sp.
(Escambia River system), Elimia buffyae n.sp. (Choctawhatchee River system), Elimia
curvicostata (Reeve 1861) (Chipola River system and lower Apalachicola River tributar-
ies), Elimia darwini n .sp. (middle Oconee River system), Elimia exusta n.sp. (Escambia
River system), Elimia glarea n.sp. (upper Choctawhatchee River system) Elimia induta
(Lea 1862) (middle Flint River system), Elimia mutabilis (Lea 1862) (upper Ocmulgee
River system), Elimia timida timida (Goodrich 1942) (middle Ocmulgee River system),
Elimia timida exul n.ssp. (middle Ocmulgee River system), Elimia timida nymphaea n.ssp.
(middle Ocmulgee River system), Elimia ucheensis (Lea 1862) (Uchee Creek drainage,
Chattahoochee River system) and Elimia viennaensis (Lea 1862) (upper Flint River sys-
tem). Phylogenetic analysis based on mtDNA demonstrates the following relationships
(((((((catenaria-darwini))) ((( viennaensis) (flava)) ((ucheensis -mutabilis) (buffyae))))
((((curvicostata))) ((( timida) (induta-glarea))))) (((((annae))))) (((((boykiniana )))))).

Key words: Gastropoda, Prosobranchia, Pleuroceridae, Elimia, freshwater snails, taxonomy,
nomenclature, molecular genetics, phylogeny, biogeography, Alabama, Florida, Georgia.
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INTRODUCTION

The objective of this study is to address the taxonomy and systematics of
Elimia curvicostata (Reeve 1861) and those species of Elimia which at one time
or other had been synonymized with, or which were subspecifically associated
with, or which we find are closely related to Elimia curvicostata (Reeve 1861).
These species are referred to herein as the Elimia curvicostata complex. The
word complex is used in this case in the literary context, meaning a complicated
situation, and not in the phylogenetic context implying close genetic relation-
ships. Some species in the complex are closely allied genetically. Others are
quite distant in their genetic relationships. The geographic study-area extends
from the Escambia River system in Alabama and Florida east to the Altamaha
River system in Georgia.

There are widely disparate opinions in the literature concerning morphologi-
cal variation, geographic variation, geographic deployment and taxonomy of
this widely distributed complex. The most recent taxonomic treatment (Cham-
bers, 1990) recognizes a single species, Elimia curvicostata, distributed from
the Escambia River system at the western border of Florida and Alabama east-
ward to the Apalachicola River system of Florida, Alabama and Georgia. Cham-
bers recognized 10 names as synonyms of E. curvicostata. Earlier literature
(Goodrich, 1942; Clench & Turner, 1956) recognized various of these names as
distinct species or subspecies. Chambers acknowledged the extensive variation
observed within the species. He attributed the variation to local ecological con-
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ditions, but he offered no experimental data to demonstrate this.
In 1965, an ongoing malacological survey of freshwater systems throughout

Alabama, Georgia and Florida was initiated by F.G. Thompson. Since then we
have visited on numerous occasions virtually all springs, small streams and riv-
ers draining from these states into the Gulf of Mexico and the Atlantic Ocean. It
soon became clear that the taxonomic interpretations put forth in previous litera-
ture did not adequately explain the morphological variation we observed. Our
views on this matter are presented herein.

The taxonomic literature on Elimia is almost chaotic. Very few species have
been described adequately enough to be recognizable from their descriptions or
illustrations. Major ontogenetic changes take place in sculpture and shell shape,
so that adults of a given species may have shells that are strikingly different
from juveniles. Convergent evolution of adult shell forms has been rampant.
Whereas local populations have diverged genetically and morphologically from
others within their parent species, in many instances adults have converged in
shell form with other species. Thus, there is in Elimia numerous examples of
look-alike, but distinct species. Such is the case with the Elimia curvicostata
complex, which in part explains it's confused taxonomic history.

Elimia is vast in its number of species. Approximately 450 species names
have been applied to the genus (Tryon, 1873; Graf, 2001). The large number of
names reflects the extensive morphological variation that exists throughout the
range of the genus, and it is not just a consequence of overzealous Nineteenth
Century taxonomists as has been suggested by some authors.

Current literature recognizes about 135 valid species or subspecies of Elimia
(Burch, 1989; Thompson, 2000b; this study). Species tend to be restricted to
particular rivers, to particular shoals within a river, to tributary rivers within a
single river system and even to particular small streams or springs entering a
river. As is typical of species that are highly restricted ecologically, populations
in most streams are genetically isolated. Many have undergone considerable
local evolution as a consequence of this isolation. Numerous morphologically
distinct populations may exist even within a single river system.

Elimia contains multitudes of evolutionarily significant units or ESU's (Avise,
2000). Populations are isolated by seemingly minor ecological barriers. The
barrier may be a large river habitat separating two small tributary streams, a
quiet silt-bottom substrate separating rocky shoals, a short span of land separat-
ing adjacent streams, or a warmer more turbid stream habitat isolating clear cool
springs along the bank of the stream. Populations of species that have such strict
ecological parameters regulating habitat deployment undergo independent evolu-
tionary trajectories. That is, populations are physically and ecologically iso-
lated, they diverge genetically, they may diverge phenotypically, and their evo-
lution is independent from other such populations. The identification of such
populations requires careful analysis. It is not sufficient merely to identify them
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as a variation of a known taxon. Even in the restricted definition of Elimia
curvicostata and E. viennaensis that we present below, we are aware of several
ESU populations that leave us uncomfortable concerning their specific identi-
ties.

In some literature such populations have been referred as ecophenotypes, but
that is a misuse of the term. Ecophenotypes are populations of a given genotype
that differ phenotypically as a genetic expression to different environments. Such
is not the case in Elimia. Populations of Elimia differ genetically as well as
phenotypically from other closely related populations. Widely distributed spe-
cies ofElimia have more evolutionarily significant populations (ETU's) than do
narrowly distributed species. A concise taxonomic treatment of a given species
is difficult to arrive at without extensive local field surveys and careful morpho-
logical analysis including data on various growth stages. We have tried to mini-
mize the ambiguity inherent in dealing with locally variable populations. We
are certain that other investigative techniques will require additional species to
be recognized among those we discuss below.

Our taxonomic results differ in most respects from the results arrived at by
previous authors. This is due in part to having at our disposal more extensive
field samples than were available to previous authors, and incorporating juve-
nile shell morphology and data on mtDNA sequences into our analysis. We also
have had the advantage of observing on many occasions each of these species in
their natural habitats, which has given us an appreciation of the ecological and
physiographic factors that have influenced and regulated their evolutions. We
harbor no illusions that our results are definitive. We only hope to place Elimia
systematics in a better framework than existed previously and to provide a clearer
basis for future investigations. This data also will provide a better basis for
issues related to environmental management and conservation.

Species of Elimia for the most part inhabit lotic bodies of water, and they tend
to be habitat-restricted within epigene aquatic stations. We know of only two
instances where species were found in subterranean habitats, E. livescens (Menke
1830) in Indiana (UF 292608) and E. curvicostata (Reeve 1861) in Florida (UF
93628). Ecologically, Elimia are divisible into two categories of species based
on their habitat deployment. The categories are large-stream species and small-
stream species. Large-stream species seldom enter small streams. When they
do, the invasion usually is restricted to near the mouths of the small streams.
Conversely small-stream species seldom enter large streams. Species of Elimia
have limited vagility. Seldom are they uniformly distributed in a particular stream.

MATERIAL AND METHODS

Shell measurements . The term adult shell refers to specimens which appear to have reached
definitive development. This determination is somewhat arbitrary because there is no feature that
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indicates definitive development other than the thickening of the outer lip of the aperture. Some
species do not develop a thickened lip.

The Whorls. Most species of Elimia in the southeastern United States have approximately four
functional whorls in the adult shell. The earliest remaining functional whorl is closed above by an
apical plug . As the snail grows, new apical plugs are formed farther down the spire so that the total
number of whorls below the apical plug tends to remain nearly constant. Whorls that are retained
above the plug are non-functional because they are no longer part of the living organism. Figs. 2 and
3 represent one such specimen. Fig. 3 has had the dead whorls removed above the apical plug. The
dead whorls represent fragments of juvenile growth stages, and they break off at variable rates and at
variable places above the apical plug. Fragments continue to break or erode away until only small
vestiges remain at definitive growth of the snail. For this reason shell measurements and whorl
counts are based on the whorls below the apical plug, because that represents the actual living snail.
The total number of whorls that the snail develops throughout its life can be quite accurately esti-
mated by comparing different growth stages of shells from a given sample. The total number in
some instances is useful for species comparisons.

The standard length (SL) of the shell is measured from the top of the apical plug to the base of
the last whorl. Because of the extreme decollation of the apex and the variable point at which the
apical plug develops in many species, the ratio of shell length to shell width has little comparative
value other than as a general descriptor of the shell. This ratio varies significantly even between sub-
adult and mature specimens from a single population sample. The species included in this study
typically retain four or more whorls. We include two measurements of length: the length of the last
four whorls and the length of the last whorl. The term fourth whorl (4Wh) refers to the fourth
whorl above the insertion of the outer lip on the body whorl (Fig. 1). The length of the last whorl
(LWh) is measured from the previous suture above the lip insertion to the base of the shell (Fig. 1).
It includes one full whorl. Because of the extreme decollation of the apex in many species, the
length of the last whorl may be the only remaining longitudinal measurement that reflects the dimen-
sion of shell length relative to other growth parameters.

The shell width (SW) is standard, and is measured across the last whorl perpendicular to the axis
of the shell. The aperture height (AH) is measured from the posterior (upper) comer to the base of
the aperture parallel to the shell axis. The aperture width (AW) is measured from the outside of the
outer peristome to the outer edge of the columellar callus and is perpendicular to the shell axis. The
number of whorls (Wh) is counted from the end of the apical plug to the base of the shell. Remnants
of previous whorls above the apical plug may be present. Unless otherwise stated, these remnants
are excluded from the data presented in this paper because of the variable number of whorls that may
be retained and their incomplete condition. Some individuals may have two apical plugs, the upper-
most of which encloses an unoccupied whorl. In such cases measurements were taken from whorls
below the lower plug. The angle of the spire (<Sp) is measured by projecting the image of the shell
through a camera lucida onto a sheet of paper and measuring the angle of divergence with a protractor.

Fred Thompson is primarily responsible for the taxonomic treatment presented herein. Elizabeth
Mihalcik is primarily responsible for the genetic analysis and phylogeny. Both authors concur on
the contents, interpretations and conclusions that are set forth. The authorships of new taxa are to be
cited as Mihalcik and Thompson.

GENUS ELIMIA H. & A. Adams 1854

Elimia H. & A. Adams 1854, Genera of Recent Mollusca, I, p. 300. Type species desig-
nated by Pilsbry & Rhoads, 1896: Melania acutocarinata Lea 1841, p. 14 (= Melania
clavaeformis Lea 1841, p. 12).

Melasma H. & A. Adams 1854, Genera of Recent Mollusca, I, p. 302. Type species desig-
nated by H. B. Baker, 1963: Melania laqueata (Say 1829).
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Goniobasis Lea 1862, Proceedings of the Academy of Natural Sciences of Philadelphia,
14, p. 262. Type species designated by Hannibal, 1912, 179: Goniobasis osculata Lea
1862.

Macrolimen Lea 1863; Journal of the Academy of Natural Sciences of Philadelphia, 5, p.
221 (type species by monotypy: Goniobasis showalterii Lea 1861 = Goniobasis [=Elimia]
pilsbryi Goodrich 1927, non Lithasia [=Elimia] showalterii Lea 1860).

Elimia is the oldest available name for this genus. It is also the first to have a
valid type-species designation. As Lea (1862) pointed out, the genus Elimia of
Adams & Adams 1854 included some species that Lea placed in Goniobasis.

Elimia is an immense genus that includes over 135 recognized species, and
we have no doubt that many more remain to be recognized. The genus consists
of several well-differentiated lineages, which eventually may be recognized as
subgenera or even genera following further systematic studies of the numerous
species-groups. Insufficient information on juvenile shell characters and oper-
cular structure are available to sort out the numerous species according to appar-
ent natural groups, and the information that is available on molecular-based ge-
netic phylogeny is discordant because the various studies that have been per-
formed employed different gene systems. At present it is not possible to clearly
define subgeneric groups. However some divisions are apparent, and it may be
fruitful to speculate on some of there groupings.

Elimia s.s. consists of those species with strongly carinate juvenile whorls that
lack vertical or spiral sculpture. This group includes Elimia clavaeformis (Lea
1841), Elimia aterina (Lea 1863), Elimia simplex (Say 1825), Elimia proxima
(Say 1825), Elimia symmetrica (Haldeman 1841) and Elimia teretria Thompson
2000.

Melasma includes species with a narrow juvenile shell that bears well devel-
oped axial and spiral sculpture. The group consists of species placed by Goodrich
(1940, 1941, 1942) in the laqueata species-group and the catenaria species-
group, as well as others.

Goniobasis includes those species related to Elimia olivula (Conrad 1834)
and Elimia alabamensis (Lea 1841) which have a smooth or weakly plicate,
broadly conical juvenile shell, such as occurs in E. (lava (Lea 1862) (Figs. 153,
154). The operculum is neomelanian with a strongly eccentric nucleus (Figs.
200-201). This group seems to be confined to the Alabama River system.

Macrolimen may be a subjective junior synonym of Goniobasis. It has a broadly
conical juvenile shell, but the operculum is unique (Figs. 204-205). It grows by
increasing in size along the palatal margin. As it grows the muscle attachment
scar migrates outward so as to abandon the nuclear region, which becomes free
and projects outward beyond the columellar margin of the aperture (Fig. 206).
At an early growth stage the nucleus usually becomes broken away so that only
a tongue-like projection persists. Lea (1863, p. 121) and Goodrich (1936, p. 45)
state that this condition is common to all individuals. The illustrated operculum
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of Elimia pilsbryi is from a juvenile 9.3 mm long, which still retains the nuclear
whorl. This species apparently is extinct (Bogan & Pierson, 1993).

This is the extent in which the existing nomenclature accommodates the allo-
cations of species to subgeneric groups. Most of the species discussed below
fall outside of these subgeneric groups. It is not possible to assign better taxo-
nomic subdivisions of Elimia until a phylogeny has been proposed that includes
morphological studies based on many more species.

Some authors adhere to the taxonomy used by Goodrich (1920-1950), and
revert to use of the generic name Goniobasis (Dillon & Keferl, 2000; Dillon &
Reed, 2002). The name Goniobasis Lea 1862 is a subjective junior synonym of
Elimia H. & A. Adams 1854. The most widely observed principal in systematic
zoology is the recognition of name priority (ICZN Article 23). This is not sim-
ply an issue of which name one prefers. If the name Goniobasis is to be em-
ployed it would have to be for the Alabama River system species that comprise
the Elimia olivula species-group and the E. haysiana species-group of Burch
(1989) and it would exclude most other species. Even if Elimia s.s. is consid-
ered to be a separate genus, the name Melasma would apply to the majority of
the remaining species. The continued use of the name Goniobasis for the genus
only adds to the confusion that already characterizes the systematics of the
Pleuroceridae.

For purposes of organization we list the species treated in this paper according
to closest phylogenetic relationships as best as we are able to determine. It is
clear that the phylogenetic relationships are disparate, and that there is no simi-
larity to previous classifications that have been proposed. In most cases we are
unable to reconcile the allocation of particular species to species-groups utilized
by previous authors. To try to do so is equivalent to driving square pegs into
round holes. It is obvious by now that the species-groups proposed by Goodrich,
and employed by subsequent authors, are artificial in their composition and they
serve little substantive purpose. The species-groups we adapt are, at the most,
only small clusters of closely related species. The groups are unequal in differ-
entiation and diversity. No higher classification is implied. We address Elimia
curvicostata first because of the historical application of the name curvicostata
to this and to the other species that are involved in the resolution of this system-
atic conundrum.

SPECIES ACCOUNTS

The Elimia curvicostata species-group

Earlier literature places Elimia curvicostata in the carinocostata species-group,
which otherwise occurs in the Alabama River system (Goodrich,1940; Burch,
1989). The species that were assigned to the carinocostata species-group are
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diverse in relationships, and constituted an unnatural assemblage (Thompson,
2000b). We assign a singe species to this group, E. curvicostata (Reeve 1861).
The group is differentiated as is diagnosed below for E. curvicostata.

Elimia curvicostata (Reeve 1861)
Vernacular name: Graphite Elimia

Melania curvicostata Reeve 1861, Conchologica Iconica, Melania, species 462, pl. LVIII,
fig. 462; Thompson & Mihalcik, 2002, Bulletin of Zoological Nomenclature, in press.

Goniobasis curvicostata (Reeve 1861), in part; Tryon, 1873, Smithsonian Miscellaneous
Collections, 253, p. 202, fig. 397; Goodrich, 1942, Occasional Papers of the Museum of
Zoology, University of Michigan, (456), pp. 4-5; Clench & Turner, 1956, Bulletin of the
Florida State Museum, 1, p. 136; Chambers, 1980, Malacologia, 20, p. 65.

Elimia curvicostata (Reeve 1861); Burch & Tottenham, 1980, Walkerana, 1(3), p. 136, fig.
358; Thompson, 1984, 26, fig. 48; Burch, 1989, North American freshwater snails, p.
137, fig. 358; Chambers, 1990, Walkerana, 4(12), pp. 262-264, fig. 4D; Thompson, 2000a,
22-23, figs. 51, 52.

Melania densicostata Reeve 1861, Conchologica Iconica, Melania, species 465, pl. LVIII,
fig. 465; Thompson & Mihalcik, 2002, Bulletin of Zoological Nomenclature, in press.

Goniobasis doolyensis Lea 1862, Proceedings Academy of Natural Sciences of Philadel-
phia, 14, pp. 266; Lea, 1863, Journal of the Academy of Natural Sciences of Philadel-
phia, 5, p. 315, pl. 37, fig. 159.

Diagnosis . A moderate sized, moderately stout snail that has a conical, straight-
sided spire. The sculpture consists of vertical ribs that tend to be synchronized.
The ribs commence on the fourth juvenile whorl, and usually extend to the
penultimate whorl or the last whorl. The juvenile shell is narrowly conical with
3-4 whorls that bear a strong peripheral carina. The carina forms slight knobs
where it is crossed by the ribs on the following whorl or two. Spiral sculpture is
absent on the lower shells. The aperture tends to be trapezoidal in shape.

Elimia curvicostata is similar to some specimens of E. dickinsoni (Clench &
Turner, 1965), except that the latter species has raised spiral threads on the base
of the body whorl, the outer lip is strongly recurved in lateral profile, and the
juvenile shell has fine vertical ribs, a heavy peripheral spiral cord, and two basal
cords (Thompson, 2000a, fig. 45). Elimia dickinsoni is remotely related to the
species treated in this paper and is excluded from this study. Elimia curvicostata
differs from E. induta and E timida by lacking a spiral thread below the suture.
In the latter two species there is a spiral cord below the suture that forms small
knobs at the top of the ribs.

Shell (Figs. 1-15). The shell is moderately obese with a straight-sided decol-
late spire that diverges at an angle of 22-35°, and is olive gray in color, although
occasional specimens bear 1-2 rust-colored bands at the periphery. The shell is
medium-sized, reaching about 22 mm in standard length. The last four whorls
attain a length of up to 20.4 mm. There are 4.0-5.5 flat-sided whorls remaining
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below the apical plug. The growth rate of juveniles indicates that a total of about
10 whorls are formed. In juveniles the spire is narrow and straight-sided, with a
deep suture (Figs. 7, 8). The suture may be exaggerated on the lower whorls by
the rugose ribs. The first three whorls are button-shaped, smooth and have an
acute peripheral carina, which extends to the fourth or fifth whorl. Occasional
juvenile specimens have a weak spiral chord connecting the top of the ribs just
below the suture (Fig. 8). Bold axial ribs begin on the third or fourth whorl,
which form low knobs where they cross the peripheral carina. The ribs extend
from the suture to the periphery of the whorls. They are synchronized or nearly
so, and usually continue to the penultimate or last whorl. Usually there are 10-
15 ribs on the penultimate whorl. The ribs are bold, nearly straight and vertical,
and are as wide or wider than their interspaces. Weak incremental micro-stria-
tions occur on and between the ribs. The base of the whorls lack sculpture
except for fine incremental striations. The aperture is trapezoidal in shape with a
weakly canaliculate base, the aperture is about 0.38-0.47 times the length of the
last four whorls and about 0.62-0.69 times the length of the last whorl. The
columellar margin is moderately thick and is nearly uniformly wide. The outer
lip is weakly recurved and nearly vertical in lateral profile. (Figs. 11, 16).

Measurements based on two population samples from the Chipola River sys-
tem in Florida are given in Table 1.

Operculum (Figs. 177-178). Dark amber in color. Broadly ovate-rotund,
consisting of two rapidly expanding whorls. Outer surface with moderately strong
growth striations. Nucleus located about one third of the distance from the base
to the apex and about one third of the distance from the columellar margin to the
outer margin. Muscle attachment scar large, covering about half of the distance
from the columellar margin, and most of the distance from the apex to the base,
bordered along its base by a weak ridge.

Geographic variation . The description given above is based on specimens
from the Chipola River system in Florida. The form from the Chipola River
system (Figs. 10-15) is typical for the species throughout most of its range. Speci-
mens from the Apalachicola River drainage in Florida and the Flint River drain-
age in Georgia conform closely to the description in most particulars. However,
there is local variation in obesity and in the degree of the ribbed sculpture on the
lower whorls.

Specimens from the Flint River drainage ("doolyensis") (Figs. 16-18) differ
from typical curvicostata in that the aperture tends to be more rounded. This
may be, in part, a matter of sampling error. Most of our samples from the Flint
River system taken over a period of 30 years were collected during the summer
and early fall, and the samples consist mostly of juveniles that have not achieved
definitive growth. There is little else morphologically to distinguish these popu-
lations from typical curvicostata, although they show significant divergence
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genetically (Fig. 211, CUR-3).
Elimia curvicostata undergoes a great deal of geographic variation through-

out its range. This is a consequence of isolated populations that have had inde-
pendent evolutionary histories. Formal taxonomic recognition of them is with-
held until a better knowledge of southeastern Elimia is achieved. Two such
populations in particular deserve mention.

A population in Sawhatchee Creek, Early County, Georgia, contains two forms
of Elimia, which are ecologically segregated within just a few meters of each
other. One form is elongate, unicolor greenish-gray, the ribs occur only on the
upper half of the shell, and the whorls are nearly flat in profile (Figs. 21, 22).
The shell normally is free of surface deposits. It lives in quiet waters on a silty
sand substrate. The second form is dark reddish-brown with bold yellow bands,
it is stockier, the whorls are more rounded, and the shell is completely ribbed
(Figs. 23-24). It is usually encrusted with a calcareous algae. It lives on gentle
limestone shoals. Unfortunately, DNA was sequenced from neither form.

Another problematic population occurs in Mosquito Creek, Gadsden County,
Florida. Specimens of this population have drastically truncate shells (Figs. 25-
28). The ribs are synchronized, as is typical of curvicostata, but they are poorly
defined and are usually restricted to the uppermost whorls. The contour of the
whorls is more rounded, and traces of incised spiral microsculpture are present
over the surface of the shell. Mitochondrial DNA sequences suggest a conspe-
cific or very close relationship with curvicostata (Fig. 211).

Type localities . Melania curvicostata Reeve 1861: "Florida, United States."
Three specimens from the Cuming Collection in the British Museum of Natural
History are labeled syntypes [BM(NH) 1194056]. None is the specimen figured
by Reeve (1861, pl. 85, fig. 462).

Melania densicostata Reeve 1861: "Florida, United States." Three specimens
from the Cuming Collection in the British Museum of Natural History are la-
beled syntypes [BM(NH) 1194057]. None is the specimen figured by Reeve
(1861, pl. 85, fig. 485).

Goniobasis doolyensis Lea 1862: In small streams tributary to the Flint River
near Vienna, Dooly County, Georgia. Lectotype: USNM 119121 (Chambers,
1990: 262); collected by the Rev. G. White; paralectotypes: USNM 873108 (33
specimens). We restrict the type locality to Spring Creek, Dooly County, Geor-
gia.

For over 140 years the name Melania curvicostata Reeve 1861 has been ap-
plied to the widely distributed species known as Goniobasis curvicostata (Reeve
1861) or Elimia curvicostata (Reeve 1861). The name Melania curvicostata has
line priority (species 462) over the next available name applied to this species,
Melania densicostata Reeve 1861 (species 465). Both look alike, as are de-
picted by Reeve's descriptions and illustrations. Until now there was little rea-
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son to doubt that the two names represented the same species. We have exam-
ined the syntype series of both. They represent two different species. Both
species were reported to have come from "Florida." The syntypes of both came
from the collection of John G. Anthony (1804-1877) who is known to have con-
fused locality information of specimens from his collection (Goodrich, 1931).
We have little assurance that either nominal species came from Florida. Further-
more, none of the syntypes are the specimens figured by Reeve. The questions
raised by the specific identities and the provinces of the syntypes are best re-
solved by the designations of a neotype for each nominate species. We have
petitioned the International Commission on Zoological Nomenclature to make
the necessary designations in order to maintain the prevailing usage of the two
names under Article 75.6 (ICZN Case 3232, Thompson & Mihalcik, in press).
For the purposes of this paper Figs. 10 and 11 (UF 292208) represent a typical
specimen of the snail known as Elimia curvicostata.

Distribution (Fig. 207). This snail is found in the lower part of the
Choctawhatchee River system, the Chipola River and the Apalachicola River
system in northwestern Florida, and in the lower Flint River and the
Chattahoochee River systems in southwestern Georgia and southeastern Ala-
bama.

Generally, Elimia curvicostata inhabits small streams tributary to larger riv-
ers. In Houston County, Alabama, it has been found in headwaters of the Chipola
River and in small creeks draining east into the Chattahoochee River. In Florida
it is known from the Choctawhatchee, Chipola, and Apalachicola river systems.
It is found in the main stream of the Chipola River, as well as small streams and
springs that comprise the headwaters of the system. It is found in small creeks
draining into the Apalachicola River, but it is seldom found in the main stream.
Specimens from the Econfina River in Florida are referred tentatively to this
species. In Georgia we have collected the species only as far north as Sawhatchee
Creek, Kirkland Creek and Dry Creek in the Chattahoochee drainage. It has not
been found in the Chattahoochee River. In the Flint River drainage Elimia
curvicostata occurs as far north as Limestone Creek, Dooly County (Figs. 16-
20). Large series of specimens were collected in the Flint River near Albany,
Georgia by Robert Call around 1900 (UF collection). We have not found it in
the Flint River during our surveys. We have collected it from Spring Creek,
Chickasawhatchee Creek, and Kinchafoonee Creek, draining from the west to
the Flint River, and from Mercer Mill Creek, Abrams Creek, Big Abrams Creek,
Jones Creek, Cedar Creek, Swift Creek and Limestone Creek draining from the
east to the Flint River.

Specimens examined . ALABAMA. Houston Co.: Cowart's Creek, nr. Cowart (UF 74207);
Dry Creek, nr. Madrid (Chattahoochee drainage) (UF 74151); Golf Creek, nr. Smyrna; (UF 74152);
Cowart's Creek, nr. Cottonwood (UF 74209); Big Creek, 7 mi. S of Dothan (UF 230668); Big Creek,
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nr. Taylor (Chattahoochee Drainage) (UF 74146); Big Creek, 3.2 mi. E of Madrid (UF 241079, UF
241080); Spring Creek, nr. Madrid (UF 74177); Spring Creek, or. FL State Line (UF 74185); Howard
Creek, 1 mi. S of Gordon (UF 210).

FLORIDA. Bay Co .: Econfina Creek at SR 20 (UF 263372, UF 271226); Econfina R., 6.8 mi.
W of Youngstown (UF 231204); Gainer Springs (UF 244505). Calhoun Co.: Chipola River,
Blountstown (UF 74181); Chipola River, 1 mi E of Chason (UF 230614); Dead Lake, Chipola River,
Chipola Park (UF 1959); 9.2 km ENE of Kinard, 12.3 km NW of Lewis, 16.4 km N of Iona (UF
155940); Chipola River, 2 mi. E of Clarkesville (UF 1965); Chipola River, 1 mi. E of Clarksville at
FL Hwy 20 bridge (UF 230619, UF 231177, UF 232047, UF 251645); Farley Creek, ca. 0.5 mi. W
of FL Hwy 275 (UF 41077). Gadsden Co.: small creek W of Rosedale Glades (UF 230740);
Aspalaga Bluff, E side of Apalachicola River (UF 271325); Aspalaga Landing Creek, N of Torreya
State Park, Apalachicola River (UF 290376, UF 289983); Means Creek, on eastern edge of
Apalachicola River, ca. 1.0 mi. S ofI-10 (UF 272000); Mosquito Creek, 0.5 mi. E of Chattahoochee
(UF 209, UF 30102); Mosquito Creek, between US 90 & hospital dam (UF 231183); North Mos-
quito Creek, 1 mi. E of Chattahoochee (UF 251634, UF 251635); North Mosquito Creek, 4 mi. NE
Chattahoochee (UF 1961). Gulf Co.: W shore of Dead Lake, 3.0 mi. N of Weewahitchka Dam (UF
290417). Holmes Co.: Gully Creek at FL Hwy 177, ca. 9 mi. NNW of Bonifay (UF 270477);
Limestone Branch, 30'57.2'N, 85° 52.0'W (UF 270483, UF 291488); Holmes Creek at Jackson Co.
line, FL Hwy 162 (UF231213); Ponce de Leon State Park, Ponce de Leon Springs (UF 290555);
Ponce de Leon State Park, Sandy Creek, 0.5 mi. SE of Ponce de Leon (UF 290564 ). Jackson Co.:
Spring Creek, 2.6 mi. N of Campbelltown (UF 290418, 230741); Holmes Creek, 9.3 mi. SSW of
Graceville (UF 231182); Cowarts Creek, 5.6 mi. W of Malone (UF 230691); Waddell's Mill Creek,
0.8 mi. above Chipola River (UF 230654); cave at NW end of Waddell's Mill Pond (UF 230656);
Waddell Spring Run, 0.5 mi. W of Chipola River (UF 231188); Blue Springs, Merritts Mill Pond ca.
3 mi. E of Marianna (UF 270503); Merritt's Mill Pond (UF 131424); Chipola River at Co. Rd 278,
T3N, R9W, Sec. 30 (UF 263362); Chipola R, 5.2 mi. W of Greenwood (UF 230661); Chipola River,
boat ramp on County Road 278 (UF 288681); Chipola River, at FL Hwy 167 bridge, N of Marianna
(UF 231170); Chipola River, 0.3 mi. E Marianna (UF 231176); Chipola River, 1 mi. N of Marianna
(UF 1963); Chipola River, Marianna (UF 3800, UF 4333, UF 4334, UF 4335); Chipola River, 0.6
mi. W of Sink Creek (UF 29620); Chipola River, 1.4 mi. N of Marianna off FL Hwy 167 (UF
224235, UF 231192, UF 281400); site of old mill on tributary of Chipola River, 2 mi. S of Marianna,
FL Hwy 73 (UF 231927); creek, 2.4 mi. NW of Sink Creek (UF 4942); Gadsden Spring Run, trib. of
Chipola River, via Dry Creek, Sec. 36, T4N, R11 W) (UF 112272); Dry Creek, junction of FL Hwy
73, 5.8 mi. S of Marianna (UF 231180); Dry Creek, 6.4 mi. S, 2 mi. E of Marianna (UF 230611);
Spring Creek, 3.6 mi. E of Marianna (UF 231929); Blue Springs, 5.4 mi. E of Marianna (UF 231928);
small creek 1.5 mi NW of Florida Caverns State Park entrance, on SR 166 (UF 224229); Blue Hole
Springs, Florida Caverns State Park (UF 224280, UF 231815, UF 290194, UF 291489); Marshall
Creek, 8.4 mi. W of Malone, at Fla Hwy 2 (UF 230694); Reedy Creek, 6 mi. W of Malone (UF
1958); Big Creek, 8 mi. W Malone (UF 1960); creek, 2.4 mi. NW of Sink Creek Town (UF 4942);
Baker Creek (UF 230664); Rocky Creek at FL Hwy 71, 2.6 mi. N of Sink Creek Town (UF 28349);
stream 0.5 mi. N of Campbelltown (UF 74138); Spring Lake (UF 230551); Comer Spring, Spring
Lake (UF 230535, UF 230531); W end of Spring Lake (UF 230539); Double Spring, Spring Lake
(UF 230544); mouth of Mill Pond Spring Run, Spring Lake (UF 230561); Black Hole Spring, Spring
Lake (UF 230569); E end of Spring Lake (UF 230570, UF 230600); Springboard Spring, Spring
Lake (UF 230605). Liberty Co.: ravine S of campground, Torreya State Park (UF 232149); bridge
on Rock Creek, Torreya State Park. (UF 232148); Apalachicola River, Camp Torreya (UF 4347).
Walton Co.: Limestone Creek, N of Darlington (UF 281994); Limestone Creek, 7.3 km ENE of
Gaskin, 5.0 km N of Darlington (UF 282277); Morrison Springs, 5 mi. SSE of Ponce de Leon (UF
231930). Washington Co.: Holmes Creek, Beckton Springs (UF 66008, UF 66013, UF 276625);
Holmes Creek, Burnt-out Springs, 30°40.9'N, 85°38.8'W (UF 276598); small oxbow creek on NW
side of Holmes Creek, 30°36.4'N, 85°45.2' W (UF 275119); Holmes Creek, 0.8 mi. N of Vernon (UF
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224270); Holmes Creek, Vernon, boat landing (UF 28610); Holmes Creek, mossy rocks below Burnt
Sock Landing, 30°40.1'N, 85°39.4'W (UF 276609); Holmes Creek, Mullet Springs, 30°40.2' N,
85°39.2'W (UF 276606); Blue Springs, Boy Scout Camp, NW 1/4, TIN, R13W, Sec. 27 (UF 231203);
Blue Springs Cave (UF 93628); Econfina River, 1.5 mi. N of bridge at Fla RT 20 (UF 231931, UF
231933); Econfina River, Williford Spring Run, 1 mi N of FL Hwy 20 (UF 209076).

GEORGIA. Baker Co .: Chickasawhatchee Creek, Elmodel (UF 231175). Calhoun Co.:
Chickasawhatchee Creek, 4 mi. E. of Leary (UF 231173); Chickasawhatchee Creek, 4.7 mi. E of
Leary (UF 23183 1); Chickasawhatchee Creek, 2 mi. E of Leary (UF 231172). Crisp Co.: Cedar
Creek, 5 mi. SW of Cordele (UF 1957, UF 74139); Big Abrams Creek, 4.2 mi. S of Oakfield (UF
280684, UF 251660, UF 251659, OF 251882); Jones Creek, 2 mi. SE of Oakfield (UF 251665);
Swift Creek, ca. 4 mi. E of Warwick (UF 251656, UF 251663); Cordele Springs, Cordele (UF 79764);
Gum Creek, 2 mi. N of Cordele (UF 74190). Decatur Co.: Spring Creek, near Brinson (UF 224);
Spring Creek, 1.0 mi. WNW of Brinson (UF 278982); North Mosquito Creek, 2 mi. SW of Recovery
(UF 1964, UF 4943). Dooly Co.: Limestone Creek, at McCay Rd., ca. 4 mi. S, 2 mi. E of Drayton
(UF 277481, OF 279000, OF 280691). Dougherty Co.: Flint River, Albany (UF 74153; UF 74161,
OF 74167, UF 74169, UF 277033). Early Co.: Sawhatchee Creek, at GA Hwy 370, 2.4 mi. NNW
of Saffold (UF 276635); Sawhatchee Creek, at GA Hwy 273, 0.5 mi. W of Cedar Springs (UF
276641); Sawhatchee Creek, 14 mi. NW of Donaldsonville (UF 231184). Kirkland Creek, Howard's
Mill, ca. 2.1 mi. E, 2.5 mi. S of Cedar Springs (UF 276645); Kirkland Creek, ca. 2.5 mi. NW of Jakin
(UF 276647); Dry Creek (UF 74172). Lee Co.: Kinchafoonee Creek, 1 mi. W of Leesburg (UF
231187); Graves Spring, ca. 10 mi. NE of Albany (UF 278970); Muckalee Creek, 5.8 mi. SE of
Leesburg (UF 231155). Miller Co.: Spring Creek, Colquitt (UF 211; UF 42576, UF 42577). Semi-
nole Co.: Sawhatchee Creek, 10 mi. NW of Donaldsville (UF 209); Sawhatchee Creek, 14 mi. NW
of Donalsonville (UF 206, OF 226, OF 231184); Kirkland Creek, 6 mi. NW of Donaldsville (UF
208, UF 223); Spring Creek, Brinson (UF 231179); Spring Creek, 7.5 mi. N of Brinson (UF 231194).
Terrell Co.: creek, 1.0 mi. N of Bronwood (UF 231168); East Fork of Chickasawhatchee Creek, 5
mi. E of Dawson (UF 74189, UF 74184); Chickasawhatchee Creek, 5.2 mi. SE of Dawson (UF
232145); Chickasawatchee Creek, 5 mi. E of Dawson (UF 232173); creek, 1.0 mi. N of Bronwood
(UF 231165). Worth Co.: creek, 12.4 mi. NNE of Albany (UF 231185); creek, 8.9 mi. NNE of
Albany (UF 25463); Big Abrams Creek, at GA Hwy 300, 9.3 mi. SSW of Warwick (UF 278997, UF
279577, UF 279647); Abrams Creek, 5 mi. S of Oakfield (UF 74178); spring, 3 mi. W of Doles (UF
74206, UF 74216); Mercer Mill Creek at GA Hwy 300, ca. 10 mi. NE of Albany (UF 278963).

Conservation status. The species occurs in healthy populations throughout
its range. No special conservation measures are needed by Federal or State
agencies at the present time.

Habitat . Elimia curvicostata is primarily a small stream species that occu-
pies quiet zones in clear low gradient smaller stream. It is most frequently found
on silt or sand, and less commonly on tree rootlets, dead wood or rocks. At Blue
Springs Cave, Washington County, Florida, this species was found in a subterra-
nean stream, which discharged into the Econfina River approximately 100 meters
away (UF 93628).

This is an annual species. Nidification usually commences in March and con-
tinues through July or August. Usually specimens reach their maximum size in
June and July. By late August most populations consist of juvenile and sub-
adult specimens. In some spring environments where the water temperature
varies relatively little, the reproductive season and the annual growth cycle may
be altered so that large adults persist into October and November.
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Remarks. Melania curvicostata Reeve 1861 is the oldest available name for
the Florida species. Clench & Turner (1956, p. 136) included as synonyms Mela-
nia densicostata Reeve 1861, Goniobasis doolyensis Lea 1862, Goniobasis induta
Lea 1862, Goniobasis ucheensis Lea 1862, Goniobasis elliotti Lea 1862,
Goniobasis gesneri Lea 1862, and Goniobasis inclinans Lea 1862. Chambers
added to the synonymy Goniobasis viennaensis Lea 1862, Goniobasis
etowahensis Lea 1862, Goniobasis inosculata Lea 1862, and Goniobasis
etowahensis Lea 1862 (= Goniobasis canbyi Lea 1964).

Goniobasis (= Elimia) viennaensis, Goniobasis (= Elimia) induta and
Goniobasis (= Elimia) ucheensisis are distinct species. They are discussed be-
low. Goniobasis elliotti, G. gesneri and G. inosculata are synonyms of Elimia
ucheensis, as is discussed below.

We have examined the lectotype (USNM 118420) and paralectotypes (USNM
873102) of Goniobasis inclinans. We agree with Goodrich (1942, p. 3) that
inclinans is more closely related to Elimiafloridensis (Reeve 1861) and not to E.
curvicostata. The Elimia floridensis species-group is not included in this study.

We have examined the lectotype of Goniobasis etowahensis (= Goniobasis
canbyi) (USNM 121479), and we consider it to be a synonym ofElimia modesta
(Lea 1845) (see Thompson 2000b, p. 16).

We have examined the lectotype of Goniobasis doolyensis (USNM 119121)
(Figs. 5, 6, 19, 20). We find that Goniobasis doolyensis is a subjective junior
synonym of Elimia curvicostata. The lectotype is a large specimen that still
retains two dead whorls at the top of the spire, and the ribs become obsolete on
the penultimate whorl. The uppermost 1.5 whorls bear a single spiral carina that
forms low knobs where it is crossed by the ribs (Fig. 6). An immature
paralectotype (USNM 873108) retains all of the upper whorls (Fig. 9). The
sculpture on the early whorls in both specimens is typical for E. curvicostata,
and we find no morphological basis for recognizing doolyensis as distinct. The
aperture of the lectotype is more rounded than usual, but this appears to be a
factor reflecting the old growth-stage of the specimen. Except for its large size,
the lectotype of doolyensis (Figs. 19, 20) is similar to specimens of E. curvicostata
from Spring Creek, Dooly County, Georgia (Figs. 16-18), which is the restricted
type locality of doolyensis.

In the Chipola River in Florida, Elimia curvicostata is found in association
with E. floridensis, E. athearni and E. dickinsoni. In Limestone Creek, Walton
County, Florida, E. curvicostata occurs with E. buffyae. In the Flint River drain-
age in Georgia, E. curvicostata is associated with E. albanyensis, E. viennaensis
and E. induta. We found no instance in the field where E. curvicostata interbred
or intergraded with any of these species. Other species from the Escambia River
system, the Choctawhatchee River system and from Uchee Creek that were in-
cluded in earlier taxonomic treatments as populations or as synonyms of E.
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curvicostata are geographically disjunct, and morphologically distinct. No trends
exist that suggest they may be conspecific with E. curvicostata.

Etymology. The name curvicostata is from the Latin curvus, meaning bent,
and costatus, meaning ribbed. The name densicostata is from the Latin densus,
thick or crowded, and costatus. The name doolyensis is a geographic patronym
for Dooly County, Georgia.

The Elimia induta species-group

We recognize three species as belonging to the Elimia induta species-group:
E. induta (Lea 1862), E. timida (Goodrich 1943), and a new species from the
Choctawhatchee River system of Alabama. They are alike by having a slender-
conical juvenile shell with a pronounced peripheral carina on the middle of the
early whorls, and axial ribs that form knobs where they cross the carina. A
second raised spiral thread is present just below the suture. Elimia induta is
found in the middle section of the Flint River system, and E. timida is confined
to small streams along the middle part of the Ocmulgee River system. A third
species is found in small streams and springs in the upper Choctawhatchee River
system in Barbour and Dale counties, Alabama.

Elimia induta (Lea 1862)
Vernacular name: Gem Elimia

Goniobasis induta Lea 1862, Proceeding of the Academy of Natural Sciences of Philadel-
phia, 14, p. 267; Lea, 1863, Journal ofAcademy of Natural Sciences of Philadelphia, 5,
p. 319, pl. 37, fig. 166; Goodrich, 1942, Occasional Papers of the Museum of Zoology,
University ofMichigan, (256), p. 5.

Goniobasis doolyensis Lea 1862, in part; Tryon, 1873, Smithsonian Miscellaneous Collec-
tions, (253), p. 187, fig. 367.

Goniobasis curvicostata (Reeve 1861), in part; Clench & Turner, 1956, Bulletin of the
Florida State Museum, 1, p. 136; Chambers, 1990, Walkerana, 4(12), p. 262, fig. 4E
(lectotype).

Elimia induta (Lea 1862), Burch & Tottenham, 1980, Walkerana, 1(3), p. 136; Burch, 1989,
North American freshwater snails, p. 136.

Diagnosis . A slender, medium-sized species up to about 20 mm in length with
a straight-sided spire. The shell is densely sculptured with close bold vertical
ribs that are ornamented by spiral series of knobs below the suture. The spiral
series of knobs is situated below the upper ends of the ribs, giving the appear-
ance of a double series of spiral knobs. A second strong spiral cord occurs along
the periphery on all but the last two whorls. Four reddish spiral bands add to the
ornamentation of the shell. Elimia induta is most similar to the following spe-
cies, E. timida, because of subsutural knobby sculpture on the upper ends of the
axial ribs.
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The following description is based on specimens from small streams entering
the east side of the Flint River in Dooly County and Crisp County, Georgia. A
population from a stream entering the west side of the Flint River is discussed
below.

Shell (Figs. 29-33, 34-39, 40-43). A medium-sized species that reaches a
length of up to 20 mm when the apex is complete, and up to about 16 mm long in
the decollate adult stage. Spire nearly straight-sided with an angle of 21-27°.
Usually, the olive-colored shell has four reddish bands: a subsuture band, a pe-
ripheral band, a subperipheral band and a weak circum-umbilical band. Occa-
sional shells have fewer or no bands. The growth rate indicates that about nine
whorls are developed through maturity, of which 4-5 whorls normally are re-
tained in the adult shell. The first two whorls of the juvenile shell are rounded
and smooth (Figs. 30, 31). Strong, widely spaced axial ribs that are about as
wide as their intervals begin on the fourth whorl. The ribs are not synchronized.
There are 11-13 ribs on the fourth whorl of the adult spell. The ribs and their
interspaces have parallel axial striations. Spiral striations are absent. A strong
peripheral spiral cord begins on the third juvenile whorl and persists through
about the sixth whorl creating an angular periphery and forming knobs where it
crosses the ribs. A weaker subperipheral spiral cord is present on juvenile shells,
but it is obliterated by the advancing peristome. A weaker subsutural spiral cord
begins on the fourth juvenile whorl and persists through the last whorl. It forms
a spiral row of knobs where it crosses the upper ends of the axial ribs. The
aperture is ovate-elliptical in shape, 0.38-0.45 times the length of the last four
whorls, and 0.62-0.69 times the length of the last whorl. The base of the peris-
tome is slightly canaliculate. Columellar margin concave and relatively narrow.
Measurements for the lectotype, seven paralectotypes and another sample of
specimens are given in Table 2.

Operculum (Figs. 183-184). Amber colored. Broadly obovate in shape; pa-
rietal margin weakly concave. Nucleus rapidly expanding, located about one
third of the distance from the base to the apex, and about one third of the dis-
tance from the columellar margin to the outer margin. Outer surface with a few
coarse incremental striations. Inner surface smooth; muscle attachment scar
about 0.4 times the width of the operculum; with a weak crest along the outer
basal margin.

Type locality. Near Vienna, Dooly County, Georgia. Lectotype: USNM
119174 (Chamber, 1990); collected by the Rev. G. White. Paralectotypes: USNM
873111 (34); same data as the lectotype. We restrict the type locality to Lime-
stone Creek, Dooly County, Georgia.

Distribution (Fig. 208). Small streams tributary to the Flint River in Dooly,
Crisp, Lee and Worth counties in southwestern Georgia. There are numerous
specimens of Elimia induta that were collected purportedly in the Flint River at
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Albany by R.E. Call around 1900 (UF 79757, UF 79758, UF 79759 UF 79762,
UF 79763, UF 279002). We have collected mollusks at the shoals of the Flint
River at Albany on many occasions between 1969-2002 where the only
pleurocerid we found was Elimia albanyensis (Lea 1862).

Specimens examined . GEORGIA. Crisp Co.: Swift Creek, 12 mi. SW of Cordele (UF
79760); Swift Creek, ca. 4 mi. E of Warwick (UF 277034); North Branch Swift Creek, 3.5 mi. W of
Pateville (UF 251664); Cedar Creek, 5 mi. SW of Cordele (UF 277037); Cedar Creek, 6 mi. SW of
Cordele (UF 79761); Limestone Creek, Drayton Rd., 4.7 mi. S, 1.1 mi. E of Drayton (UF 41459; UF
278994); Gum Creek, 0.5 mi. N of Cordele (UF 1967); Gum Creek, 6.5 mi. W of Cordele (UF
278998, UF 279008). Dooly Co .: Limestone Creek at McCoy Rd., ca. 4 mi S, 2 mi E of Drayton
(UF 251651, UF 277480); spring 8 mi. NW of Vienna (UF 79763). Lee Co.: a small creek 7 mi. NW
of Albany (UF 79756, UF 79765). Terrell Co.: small creek 1.0 mi. N of Bronwood (UF 280884).
Worth Co.: Big Abram's Creek, at GA Hwy 300, 9.3 mi. SSW of Warwick, (UF 279006); Jones
Creek, 12.4 mi. NNE ofAlbany (UF 277038).

Conservation status . This species should be listed as of special concern be-
cause of it's restricted geographic distribution to six small creeks. Extant popu-
lations are known only from Swift Creek, Cedar Creek, Limestone Creek, Gum
Creek, Jones Creek, and Big Abram's Creek on the east side of the Flint River,
and from a small stream in Terrell County on the west side of the Flint River. All
are small streams entering the Flint River over a north-south distance of about
25 miles.

Habitat. Elimia induta is ecologically restricted to clear small-streams. Typi-
cally it is found in zones with a slow current where it occurs among tree rootlets,
in clusters of aquatic mosses, and on slicks and limbs lying on the stream bot-
tom.

Remarks. Elimia induta is most similar to E. timida because of the knobby
subsutural spiral cord. It differs from E. timida by its larger size, its brightly
color bands and its thicker shell.

Clench & Turner (1956) and Chambers (1990) treated Elimia induta as a jun-
ior synonym of E. curvicostata. This is not tenable for the following reasons.
The juvenile shell of E. induta has a weak sub-peripheral spiral cord, a knobby
subsutural spiral cord, and knobby peripheral spiral cords, all of which are lack-
ing in E. curvicostata. The subperipheral cord is lost in adult E. induta, but the
peripheral knobby cords persist onto the upper whorls of the adult shell, and the
subsutural knobby cord persists through the length of the adult shell. These
sculptural traits occur only on specimens from some small streams flowing into
the Flint River in a small area in southwestern Georgia. Elimia curvicostata has
a single peripheral spiral cord on the juvenile shell. It lacks a subsutural spiral
cord and a subperipheral spiral cord. The axial ribs are simple in all stages of
growth. Elimia induta, E. curvicostata and E. viennaensis co-inhabit Swift Creek
and Gum Creek in Crisp County, Limestone Creek in Dooly and Crisp counties,
and Big Abram's Creek in Worth County. We found no evidence of intergrada-
tion between any of these species where they co-occur. They tend to be ecologi-
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cally segregated in such situations. Elimia curvicostata is found most com-
monly on the substrata and among tree rootlets. Elimia induta usually is con-
fined primarily to tree rootlets and mosses, although occasionally it was found
on submerged sticks and on silty sand. Elimia viennaensis is found primarily on
submerged logs and rocks.

Elimia induta is a small-stream species. As is typical of ecologically restricted
species, populations of some streams are genetically isolated and have under-
gone local and independent evolutions. Even though E. induta has a restricted
geographic distribution, local variation in size , sculpture and whorl retention
can be appreciable. Most specimens from small streams entering the east side of
the Flint River in Dooly, Crisp and Worth counties are similar in size, color
banding and sculpture (Figs. 34-39). A sample from a small stream in Lee County,
7 mi. NW of Albany (UF 79756) entering the west side of the Flint River are, on
average, larger in size, they are more robust, the macrosculpture usually is weaker,
the shells have distinct fine spiral microstriations, the reddish bands are less
distinct and they have a conspicuous light subsutural zone (Figs. 40-43).

Etymology. The species name induta is from the Latin indutus, meaning cov-
ered. Apparently this is an allusion to the densely sculptured surface of the shell,
although the original description does not say so.

Elimia timida (Goodrich 1942)

This is a graceful, slender species that occurs as isolated populations in small
streams, springs and creeks entering the right side of the Ocmulgee River near
Hawkinsville, Georgia. Each colony is distinguishable to varying degrees by its
shell characters. We recognize three subspecies because of their distinct mor-
phologies and their geographic isolation to separate creeks. They have in com-
mon medium-sized, slender shells and similar sculpture of the juvenile whorls;
whorls 1-2 are rounded; whorls 3-5 have a strong peripheral cord. A strong
subsutural cord begins on whorl 5 and may continue onto lower whorls. Bold
axial ribs occur between the two cords beginning on the fifth whorl, and the ribs
may extend below the periphery on the lower whorls. The spiral and axial sculp-
ture may be completely lost on the adult shell, as is the case in the nominate
subspecies. In the second subspecies the subsutural cord persists on the adult
shell, but the axial sculpture is reduced or absent. In the third subspecies the
subsutural cord and the vertical ribs are present on the lower whorls of the adult
shell. We have not been able to locate an extant population of the nominate
subspecies, and therefore we could not determine its DNA profile. The two
other subspecies are abundantly represented by fresh specimens. Their mtDNA
sequences are very similar, indicating their conspecific identity. It is presump-
tive to assume that Elimia timida timida is genetically very similar to the other
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two subspecies, although we strongly suspect that it is. Elimia timida is most
similar to E. induta (Lea 1862) from the Flint River system. It differs from E.
induta by its much thinner shell, as well as by the sculptural details characteris-
tic of each its three subspecies.

Elimia timida timida (Goodrich 1942)
Vernacular name: Timid Elimia

Goniobasis mutabilis timidus Goodrich 1942, Occasional Papers of the Museum of Zool-
ogy, University of Michigan, (456), p. 5.

Elimia mutabilis timidus (Goodrich 1942), Burch & Tottenham, 1980 , Walkerana, 1(3), p.
140; Burch , 1989 , North American freshwater snails, p. 140.

Diagnosis . This is a medium-sized shell that is smooth and very slender. The
sides of the spire diverge at 14-18°. Decollate adult shells are about 16-19 mm
long and are 0.37-0.44 times as wide as the length of the last four whorls. The
adult shell lacks vertical or axial sculpture on the last 4-5 whorls. The early
juvenile shell and sculpture remain unknown. Several of the paralectotypes re-
tain 1-2 juvenile whorls, and these have a bold rounded peripheral cord and
some low wavy axial ribs similar to the sculpture occurring on equivalent whorls
in the following two subspecies. Distinct spiral micro-striations are present over
the surface of shell. Further comparisons between the subspecies are given be-
low.

Shell (Figs. 44, 45, 48-51). Medium-sized with the last four whorls 15.0-18.1
mm in length in adult shells. Slender, 0.37-0.44 times as wide as high. Adult
shell light brown in color and without any indication of spiral banding; shiny,
smooth, with fine incremental striations and very fine but distinct incised spiral
striations. Late juvenile whorls that are retained on some adult shells have a
round peripheral cord and occasionally some very low, wide wavy ribs (Figs.
44, 45). The spire is very slightly convex in outline, being very nearly straight-
sided. Suture deeply impressed; whorls uniformly arched between the sutures.
Aperture broadly elliptical in outline, about 0.63-0.82 times as wide as high,
about 0.38-0.44 times the length of the last four whorls, and about 0.52-0.64
times the length of the last whorl. Aperture slightly retrocline in lateral profile.
Peristome protracted along baso-lateral margin and retracted along baso-col-
umellar margin; columellar margin moderately thick at base and narrowing up-
ward to the parietal margin. Measurements of the lectotype and 10 specimens
are given in Table 3.

Operculum. None available.
Type Locality. A spring two miles southeast of Hawkinsville, Pulaski County,

Georgia. Lectotype by present designation: UMMZ 49210, collected by Will-
iam J. Clench and Peter Okkelberg, 5 July 1929, field station 489. Goodrich
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stated that the type locality is a spring two miles northwest of Hawkinsville.
Clench's original field label (MCZ 91775) and his field notes on file at the Mu-
seum of Comparative Zoology indicate that the type locality is southeast of
Hawkinsville.

Goodrich cited two specimens as "types." He did not designate a holotype.
He does not cite other material, but specimens in the Museum of Zoology, Uni-
versity of Michigan, and in the Museum of Comparative Zoology, are marked
"paratypes." We recognize the second "type" of Goodrich as a paralectotype
(UMMZ 266708). It is an old worn adult shell consisting of four whorls. Other
specimens that comprised parts of the original field sample are UMMZ 49211
(23) and MCZ 91775 (25).

Distribution (Fig. 208). This snail was discovered near Hawkinsville, Geor-
gia. The type locality is uncertain because of discrepancies between the pub-
lished account by Goodrich and by Clench's field notes. We have not been able
to relocate the type locality. We have not found any populations of Elimia in the
Hawkinsville area that have the morphological characteristics of E. timida timida.
The type population may be extinct.

Conservation status. This species may be extinct.
Habitat. Unknown. Clench's field notes do not record habitat information.
Remarks. Elimia timida timida is a small, slender snail with a smooth thin

shell. It has gone almost unnoticed in the scientific literature since its original
description except for being listed in Burch & Tottenham (1980) and Burch (1989).
It was described as a subspecies of Elimia mutabilis (Lee 1862), which occurs in
headwater creeks and small streams of the upper Ocmulgee basin in Georgia.
The two taxa are disjunct in their distributions, and they differ greatly in mor-
phology and genetics. Mitochondrial DNA indicates that two subspecies of E.
timida are most closely related to E. induta (Lea 1862) from the Flint River
systems, and to a lesser extent, to the following new species from the
Choctawhatchee River system. The genetic analysis indicates that E. mutabilis
is related to the E. alabamensis species-group of the Alabama River system.
Much of the obscurity and misconception surrounding E. mutabilis and E. timida
is due to the facts that E. timida was never illustrated until now, and Goodrich's
description is too brief and misleading to identify this snail.

The nominate subspecies, Elimia timida timida, is closely related to the fol-
lowing two taxa. The two differ rather strikingly in adult shell morphology. We
recognize them as distinct subspecies because of their genetic similarities, simi-
lar sized slender shells with similar juvenile sculpture, and their geographic prox-
imity.

Etymology. The name timida is from the Latin timidus, meaning timid or
fearful of. Goodrich does not explain the basis for his choice of name. The
choice was prophetic because of the apparent extinction of this subspecies.
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Elimia timida exul new subspecies
Vernacular name: Mocksprings Elimia

Diagnosis . This is a medium-sized, slender subspecies that has a strong pe-
ripheral cord on whorls 3-5 of the juvenile shell, and a strong subsutural spiral
cord that begins on whorl-5 and extends to the last whorl of the adult shell.
Weak axial ribs begin on the fifth whorl and may also be present on the upper
whorls of the adult shell, or the axial sculpture may be indicated only by the
presence of nodes on the subsutural spiral cord.

Shell (Figs. 32, 46, 52-55). Very small sized, adults about 12-15 mm long.
Spire slender, nearly straight-sided; sides of spire diverging at about 16-24°.
Width of shell about 0.40-0.45 times length of last four whorls. Suture moder-
ately impressed. Rate of growth of juvenile shell indicates that specimens de-
velop about nine whorls, of which 4.1-5.4 are retained in adult specimens. The
first two whorls of the juvenile shell are smooth and rounded (Fig. 32). The
third whorl develops a peripheral carina which persists to the fifth or sixth whorl,
and thereafter becomes obsolete. A subsutural carina begins on the fifth whorl
and becomes progressively stronger and persists through the body whorl of the
adult shell (Figs. 52-55). Strong, widely spaced axial ribs begin on the fifth
whorl and are confined between the subsutural carina and the peripheral carina.
The ribs may persist only as nodes on the subsutural cord along the lower whorls.
Usually they are absent on the last 2-3 adult whorls. There are 15-18 ribs on the
fourth whorl of adult shells. Distinct spiral micro-striations are absent. The
aperture is elliptical, 0.36-0.45 times the length of the last four whorls and 0.60-
0.63 times the length of the last whorl. The parietal callus is very thin. The outer
lip is retracted above the periphery and projects forward at the base. The col-
umella margin is widest below and tapers above. Measurements are given in
Table 3.

Operculum (Figs. 181-182). Oblong-ovate in shape with a convex parietal
margin; thin, light amber colored. Nucleus large and slowly expanding; located
in the lower left third of the face. Outer surface with a few weak incremental
striations. Muscle attachment scar about half the width of the operculum and
almost 0.9 times the length; smooth; base and inner margin only slightly thick-
ened.

Type Locality. Georgia, Pulaski County, Mock Springs, about 10.5 miles
WSW of Hawkinsville (32°12.3' N, 83°35.0'W). Holotype: UF 275841, col-
lected October 12, 1996, by Elizabeth Mihalcik and Fred G. Thompson.
Paratypes: UF 266246, UF 266283, UF 275839, UF 275840, USNM (10), UMMZ
300044 (10), ANSP 410591, same data as the holotype; UF 296274 (16),
topotypes, collected 16 February, 2002.

Distribution (Fig. 208). Elimia timida exul is endemic to the type locality.
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We have not found other populations of E. timida in Cedar Creek. Another
species of Elimia, apparently related to E. catenaria, occurs in the lower section
of Cedar Creek.

Conservation status . No protective measures are in place to protect this sub-
species. We recommend that it be classified as endangered because a single
catastrophic event in the spring pool could cause its extinction . Such threats
regularly occur, because the spring pool is treated chemically for the removal of
aquatic vegetation. We last visited the spring on February 16, 2002. The spring
pool had been treated recently with copper sulfate (CuSO4), and was devoid of
live mollusks. The spring run below the pool was nearly devoid of mollusks.

Habitat. Mock Springs has been dredged to form a circular recreational swim-
ming pool that is approximately 50 meters wide and two meters deep. The spring
source is enclosed in a rectangular concrete box within the pool. The pool is
sand bottomed. A steel culvert drains the pool along its south side. The outlet
forms a small creek that flows for about 100 meters before entering Cedar Creek.
At the time of our visit on October 12, 1996, the pool was bordered by a narrow
fringe of filamentous algae mats , but was devoid of other aquatic vegetation.
Elimia timida exul is abundant on rooted vegetation , algae mats and the sub-
strata for a short distance of a few meters in the run below the pool outlet. It was
found with Helisoma anceps (Menke 1830), Physella h. hendersoni (Clench
1926) and Campeloma rufum (Haldeman 1841). Elimia timida exul, as well as
other snails , were absent in the pool, except along a very narrow section of the
bank near the concrete enclosure at the spring source. On February 16, 2002, we
found no live mollusks in the pool, and only a few Elimia timida exul and a
single Campeloma in the spring run.

Remarks. This subspecies is readily recognized by it's bold subsutural cord
that extends to the last whorl of the adult shell. Axial sculpture usually is absent
or poorly developed on the last 2-3 adult whorls.

Etymology. The name exul is from the Latin exilium, an exile. It alludes to
the isolation of this subspecies in the uppermost tributary of Cedar Creek.

Elimia timida nymphaea new subspecies
Vernacular name: Nymph Elimia

Diagnosis . This is a medium-sized, relatively slender subspecies. It differs
from the two other subspecies of Elimia timida by retaining all of the earlier
whorls and by having moderately distinct axial ribs that are present from the
fourth whorl to the last whorl.

Shell (Figs. 33, 47, 56-59). Shell complete, retaining 7.5-8.7 whorls; uni-
formly light grayish-green. Medium-sized, relatively slender, width of shell
about 0.34-0.40 times the length of the last four whorls. Sides of spire diverging
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at 24-32°, spire nearly straight-sided. Suture strongly impressed. Juvenile shell
similar in sculpture to that of the previous subspecies (Fig. 33). The second
whorl develops a strong peripheral carina that persists through the sixth or sev-
enth whorl. The last whorl is rounded at the periphery. A subsutural carina
begins on the fifth whorl and persists to the last whorl. Moderate, straight, ver-
tical axial ribs are present over most of the lower five whorls. There are 11-14
ribs on the penultimate whorl. The peripheral and subsutural spiral cords de-
velop nodes where they are crossed by the axial ribs. The surface of the shell on
and between the ribs bears rather coarse vertical striations and vague spiral mi-
cro-striations. The aperture is broadly elliptical, 0.38-0.43 times the length of
the last four whorls, 0.61-0.66 times the length of the last whorl, and 0.60-0.68
times as wide as high. The columellar margin is widest at the base and is only
slightly tapered above. Measurements are given in Table 3.

Operculum (Figs. 179-180). Ovate in shape with a weakly pointed apex.
Parietal margin convex. Thin, very light amber colored. Nucleus slowly ex-
panding, with about 2.5 whorls; located in the lower left third of the face. Muscle
attachment scar very thin, slightly less than half the width of the operculum and
about 0.85 times of the length.

Type locality. Georgia, Pulaski County, One-Mile Creek, ca. 200-300 m up-
stream from the Ocmulgee River, and about 1.0 mi. southeast of Hawkinsville
(32°16.0' N, 83° 27.7' W). Holotype: UF 263347; collected 15 September, 1996
by Elizabeth L. Mihalcik and Fred G. Thompson. Paratypes UF 276082, 276083
(figured), UF 276084 (measured); same data as the holotype; UF 266247, col-
lected at type locality 12 October, 1996, by Elizabeth L. Mihalcik and Fred G.
Thompson.

Distribution (Fig. 208). Elimia timida nymphaea is known only from One-
Mile Creek, on the south edge of Hawkinsville, Pulaski County, Georgia. One-
Mile Creek is a very small stream. The upper half of it passes through residen-
tial lawns and gardens. We found E. t. nymphaea only in the lower half of the
creek near where it enters the Ocmulgee River.

Conservation status . We recommend that this subspecies be given Endan-
gered Species Status because of its very limited distribution in a very small creek
that passes through a municipal area. The stream is subject to intense and ad-
verse environmental impact because of residential and municipal developments
and rain run-off within its watershed. A single pollution event or other adverse
event could exterminate the only known population.

Habitat . One-Mile Creek is a small sand-bottomed brook that is about a
meter wide and 5-10 cm deep with occasional broader and deeper pools. The
creek originates in a residential area on the south side of Hawkinsville. The
lower half of the creek flows through a mixed hardwood forest behind a city
park along the Ocmulgee River where it consists of gentle shallow pools and
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riffles. The sand substrata overlays a dense limestone which occasionally out-
crops in the stream. No herbaceous vegetation was found in the section of the
creek inhabited by Elimia timida nymphaea. Specimens were very sparse on the
two occasions when we collected this subspecies. They were found crawling on
sand, dead tree limbs and leaves.

Apparently Elimia timida nymphaea reproduces during the mid-summer or
early fall. Mostly newly hatched and half-grown juveniles were collected on
September 15, 1996. Specimens collected on October 12, 1996, (UF 266247)
consist mostly of half-grown juveniles and young adults.

Remarks. Elimia timida nymphaea is strikingly different from E. t. timida
and E. t. exul by retaining the early whorls of the spire through definitive growth,
and by having strong, clearly defined ribs present from the fourth whorl to the
first whorl. It differs from E. t. timida, and is similar to E. t. exul, by having a
strong, nodose subsutural spiral cord.

A similar subspecies of Elimia timida occurs in Tucsawhatchee Creek, Pulaski
County, Georgia (UF 266328). It has bolder ribs, a more obese shell, and the
apex loses some of the uppermost whorls. This subspecies is left undescribed
because we have not determined the extent of its geographic deployment or its
population variation within the creek.

Etymology. The subspecies name nymphaea is derived from the Classical
Greek vvµcpe, a nymph, and alludes to its diminutive size and graceful form.

Elimia glarea new species
Vernacular name: Gravel Elimia

Diagnosis . The species is characterized by its plane, nearly featureless, drab,
unicolor adult shell. The adult shell is about 15-18 mm in standard length. It is
elongate-conical with a slightly convex spire consisting of 5.0-6.5 weakly arched
whorls that are separated by a moderately impressed suture and are nearly de-
void of any prominent sculptural features. The upper-most whorl is usually
angular at the periphery, and in occasional specimens some weak plica may
persist. In contrast, the juvenile shell consists of a narrow straight-sided spire
with distinct plica beginning on the fourth or fifth whorl. A strong peripheral
spiral cord, and a weaker subperipheral cord lying just above the suture begin on
the third or fourth whorl. A third supra-peripheral spiral cord located near the
upper suture begins on the fifth whorl and usually persists for the following 3-4
whorls. The peripheral cord and the supra-peripheral cord usually are knobbed
where they intersect the plica. By the ninth whorl the spiral cords and the plicate
sculpture become obsolete, leading to the nearly featureless adult shell.

Shell (Figs. 167-172). The shell is unicolor with two color phases. The domi-
nant form is light green; less commonly it is dark ebony-colored. The narrow,
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weakly convex spire diverges at an angle of about 21-33°. The standard length
is up to 18-19 mm. The shell is about 0.41-0.49 times as wide as long, and
retains 5.0-6.5 whorls. The rate of growth of the juvenile shell indicated that a
total of about 11-12 whorls are formed. The uppermost whorl of the adult shell
usually is weakly angular at the periphery (Fig. 169-172) as a remnant of the
juvenile peripheral cord. The following whorls are weakly arched with a moder-
ately impressed suture. The adult shell usually lacks distinctive sculpture, which
in itself is a distinctive feature of the species. The whorls are crossed by weak
incremental growth striations with occasional finer irregular spiral micro-stria-
tions. Occasional specimens may bear a few obsolete plicae on the upper whorls.
The juvenile shell is narrowly conical. The first two whorls are rounded and
button-shaped. The following whorl develops a prominent peripheral cord that
continues to about the seventh whorl where it becomes obsolete (Figs. 168, 169,
170, 172, arrows). The peripheral cord is close to the lower suture so that the
whorls are scalariform. A second, weaker spiral cord lies just below the periph-
eral cord and borders the suture. A third spiral cord lies near the upper suture. It
begins on the fifth whorl and usually persists for only 3-4 whorls (Figs. 168,
172, lines, Fig. 189). The juvenile shell bears low, but distinct, evenly spaced
plicae that are about as wide as their interspaces. They begin on the third or
fourth whorl and extend from the upper suture to the periphery. The upper cord,
and to a lesser extent the peripheral cord, are scalloped or knobbed where they
intersect the plica. The lower cord is smooth and rounded throughout its length.
The aperture is irregularly elliptical in shape; about 0.60-0.64 times as wide as
high, about 0.38-0.44 times the length of the last whorls, and about 0.63-0.67
times the length of the last whorl. The columella is moderately wide and weakly
concave. The baso-columellar corner is slightly but noticeably canaliculate. The
outer lip is strongly receded at and above the periphery in lateral view. Measure-
ments are given in Table 4.

The holotype (Figs. 167-168) is an immature specimen that bears most of the
juvenile sculpture characteristic of the species. The figured paratypes (Figs.
169-172) are representative of most adult specimens.

Operculum (Figs. 185-186). Obovate in shape; parietal margin weakly con-
vex. Nucleus located at about 0.25 of distance from the columellar margin to the
outer margin, and at about 0.25 of the distance from base to apex. Outer surface
with sparse but relatively strong growth striations. Thin, hyaline, amber-col-
ored. Muscle attachment scar about half the width of operculum, and about 0.85
times the length of the operculum; smooth and without prominent thickening
along its lower edge.

Type locality. Alabama, Barbour County, Blue Springs State Park, Blue
Springs. Holotype: UF 296260; collected 12 April, 2002, by Fred G. Thomp-
son. Paratypes: UF 296259 (10 measured), UF 296261 (six figured), UF 296081
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(141); same data as the holotype; UF 296258 (76), UMMZ 300043 (10), USNM
(10), ANSP 410590, same locality, collected 25 November, 2000, by Fred G.
Thompson; UF 71009 (84), same locality, collected 25 November, 1930, by Wil-
liam J. Clench (186).

Blue Springs, enclosed within a concrete retainer wall, is a recreation spa.
The spring discharges into a short run that flows for about 25 m into the West
Fork of the Choctawhatchee River. The water in the run, and immediately within
the river, is less than a meter deep and flows over a sand and gravel substrate.
Elimia glarea was common generally within the spring run and near its mouth in
the river, but it was particularly abundant on submerged tree rootlets. The snail
was associated with Somatogyrus sp., Notogillia sp. and E. buffyae (which is
described below).

Distribution (Fig. 208). This species is found in springs and small streams
tributary to the Pea River, and the Choctawhatchee River in southeastern Ala-
bama.

Specimens examined . ALABAMA. Barbour Co.: a spring near Pea River (UF 64168);
branch of Pea River W of Elamville (UF 74213); Blue Springs, Blue Springs State Park (UF 76166,
UF 74165, UF 131417); Big Lime Spring on Pea River, W of Elamville (UF 74162); creek 4 mi. N
of Elamville (UF 74212); Spring Branch, affluent of Pea River, near Elamville (UF 74157, UF
74159); Limestone Branch of Pea River, 4 mi. W of Elamville (UF 74140, UF 74142, UF 74200);
Limestone Branch near mouth with Pea River (UF 74196); McCoy's Mill Creek, 5 mi. E of Clio (UF
74154, UF 75300); Sikes Creek (UF 74163, UF 74201). Dale Co. : Little Choctawhatchee River,
Golden Bridge, Newton (UF 74204); East Choctawhatchee River, at Bevert's Bridge (UF 74176, UF
75220); East Choctawhatchee River, 9 mi. N of Pinckard (UF 74158); Little Choctawhatchee River,
near Pinckard (UF 74141); Hurricane Creek, near Newton (UF 74192, UF 75289); Little
Choctawhatchee River near Pinckard (UF 75295); Mount Pleasant Mineral Spring, near Pinckard
(UF 74164); McCheasan Spring, near Pinckard (UF 75223); Palmer Branch, near Midland City (UF
75253); Klondyke Spring, near Ozark (UF 72213). Henry Co. : East Choctawhatchee River (UF
74194); East Fork Choctawhatchee River at AL Hwy 27 (UF 296458); East Choctawhatchee River,
W of Abbeville (UF 74188); Indian Creek (UF 74182). Pike Co.: Barefoot Spring, 6.5 mi. SE of
Brundidge, 31°40.4' N, 85°44.7' W (UF 296261).

Conservation status. Elimia glarea is abundant at most stations where it is
found. No adverse environmental factors effecting the populations were ob-
served. No special protective measures are required at present.

Habitat. This species inhabits gentle flowing small streams and springs with
a firm sand or gravel bottom. It occurs primarily on the substrate, but it is also
found on dead logs and aquatic vegetation.

Remarks . The plain looking, nearly featureless adult shell could be confused
with any of a number of similar appearing species found from the southern coastal
plains north to the Great Lake region, including such diversely related species as
E. laqueata castanea (Lea 1841), E. livescens (Menke 1830) and E. dislocata
(Reeve 1861).

Within the Elimia induta species-group this is a well differentiated species.
Elimia glarea has in common with E. induta and E. timida a prominent supra-
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peripheral spiral cord and distinct plicate sculpture on the early whorls. In con-
trast with the other two species, E. glarea loses the axial and spiral sculpture on
most adult whorls. Most specimens retain an angular periphery on the upper-
most whorl, which is the obsolescent termination of the peripheral cord of the
juvenile whorls. Otherwise the adult snail retains little indication of the striking
sculpture found on juveniles. There is considerable local variation in shell char-
acters. Most populations consist of specimens that are slender and devoid of any
axial sculpture on the adult shell. In some populations adults tend to be more
obese and retain axial plicae on the upper two or three whorls. Such populations
are more frequent in the East Choctawhatchee River system, but they also occur
elsewhere.

At some stations Elimia glarea occurs with E. buffyae n.sp., described below.
Both species usually are heavily encrusted with mineral deposits, and they may
be difficult to distinguish until their shells are cleaned. Specimens of E. buffyae
from the upper Pea River and the upper Choctawhatchee River systems almost
always are brightly banded, which can be detected from within the aperture. At
Blue Springs State Park the shell of E. buffyae is light green in color with bold
rust-colored spiral bands, in contract to the unicolor shell of E. glarea. The
species are strongly divergent in the sculpture of the juvenile whorls.

Etymology. The name glarea, from Latin, means of gravel, or located in
gravel, alluding to the appearance of this snail in its natural habitat.

The Elimia catenaria species-group

Three species of this group are recognized within the study area: Elimia
viennaensis (Lea 1862), a new species from the Oconee River system (a tribu-
tary of the Altamaha River in central Georgia), and an undescribed species from
the upper Tallapoosa River system in western Georgia (voucher specimens Elimia
FLA-2, Distance matrix, Table 12). The species from the Oconee system is
described because of its adult-shell similarity to Elimia mutabilis, but it differs
in its juvenile shell and its genetic affinities.

Elimia darwini new species
Vernacular name: Pup Elimia

Diagnosis . This is a moderately large stocky shell that is about 19-21 mm
long and about 0.46-0.53 times as wide as high. The adult spire tapers at about
26-32° and usually has fewer than four remaining whorls at definitive growth.
The shell usually has four strong reddish bands on a rusty-tan background. The
juvenile shell is narrow and bears two strong spiral cords, one at the periphery,
and a weaker cord below that is covered by the advancing peristome. Weak, low
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axial plicae usually are present between the suture and the periphery. The axial
plicae and spiral cords become obsolete on the lower whorls of the adult shell,
which are sculptured with coarse irregular incremental striations. The aperture
is broadly auriculate in shape with a narrowly constricted columellar margin
that causes the baso-columellar corner of the aperture to project laterally.

Shell (Figs. 60, 61, 73-78). The shell usually has four prominent spiral bands.
These include an upper band lying just below the suture, a peripheral band that
overlies the peripheral cord, a third band that lays below the periphery and is
covered by the advancing peristome, and a strong band on the base of the body
whorl. The banding is very prominent on juvenile shells and becomes less dis-
tinct on older specimens. Occasional specimens have fewer bands or may be
unicolor. The juvenile spire tends to be weakly concave in outline, and initially
it diverges at an angle of 35-43° (Fig. 61). The adult spire tapers at 26-34°. The
first juvenile whorl is higher than wide and is smooth. Subsequent whorls have
a strong peripheral cord that forms a prominent keel above the suture, causing
the whorls to be scalariform. A weaker subperipheral cord is overlaid by the
advancing insertion of the peristome, which forms a deeply channeled suture.
The base may bear two or three very weak low spiral threads (Fig. 78). Begin-
ning on the fifth whorl, broad, low, wavy, nearly obsolete axial plicae usually are
present, extending downward from the shoulder of the suture to the peripheral
cord where they tend to form weak knobs. One or two weak spiral cords also
may be present between the suture and the periphery and form nodes where they
intersect the plicae. The axial plicae and spiral cords become obsolete or absent
on the lower whorls of adult shells, which bear irregular, coarse, incremental
striations. The adult shell is robust and retains about three or four whorls, which
are moderately arched and separated by a moderately impressed suture. The
rate of growth of the juvenile shell indicates that a total of about nine whorls are
developed throughout the life of the snail. Seldom are the adult whorls scalari-
form, in contrast to the whorls of juvenile shells. In adult specimens, the aper-
ture is broadly auriculate with a very narrow columellar margin, which usually
causes the basal lip to project laterally and slightly forward. The narrow col-
umellar margin is emphasized by the parietal callus, which is broadly reflected
over the umbilical region and then abruptly narrows along the columellar mar-
gin.

Measurements are given in Table 5. The holotype is a sub-adult with five
whorls remaining from a total of eight, judging by the rates of growth of juvenile
shells. The specimen was selected as the holotype because it shows most traits
that characterize the species throughout its growth. The measured paratypes
were selected for their large sizes.

Operculum (Figs. 175-176). Broadly lanceolate in shape; parietal margin
weakly but uniformly convex. Outer surface coarsely sculptured with incre-
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mental striations. Nucleus slowly expanding, located at about 0.6 of distance
from the apex, and at about 0.4 of distance from the columellar margin. Muscle
attachment scar thick, bounded by a conspicuous ridge, and bearing a small,
oval, granular field over the nucleus; the scar is about 0.75 times the length of
operculum and about half its width.

Type locality. Georgia, Laurens County, Rocky Creek, 5.1 miles southwest
of Dudley, at County Road 338. Holotype: UF 41450; collected 11 October,
1996, by Elizabeth L. Mihalcik and Fred G. Thompson. Paratypes: UF 274097
(120), ANSP 410588 (10), UMMZ 300041 (10), USNM (10); same data as the
holotype. Additional paratypes are listed under specimens examined.

Distribution (Fig. 209). This species is known only from the middle and
upper regions of Rocky Creek, Laurens County, Georgia. Lower down-stream,
near the confluence of the Oconee River, Rocky Creek is inhabited by an unde-
termined but different species of Elimia belonging to another species group.

Specimens examined . GEORGIA . Laurens Co .: Rocky Creek, 6 mi. W of Dudley
(UMMZ 49195) (Paratypes); Rocky Creek, 6 mi. W of Dudley (UF 75265); Rocky Creek, nr. Dudley
(UMMZ 49996); Rocky Creek at Co. Rd. 338, NW of Dexter, 1.3 mi. SW of Dudley (UF 41452);
Rocky Creek at Co. Rd. 338, 6.7 mi. SW, 2.9 mi. NW of Dudley (UF 41451).

Conservation status. Elimia darwini has a restricted distribution within a
single creek. No adverse environmental impact has been noticed at any of the
stations where the species was collected. We recommend that the snail be listed
as a species of special concern because of its limited distribution within a single
creek.

Habitat. Elimia darwini inhabits small streams with a slight current flowing
over a hard sand-gravel substrate. It is most commonly found on submerged
logs and tree roots. No aquatic angiosperms occurred at any of the stations
where we found it. At most times of the year the water is turbid because of light
siltation from agricultural run-off. Other species found associated with E. darwini
are Campeloma limum (Anthony 1860), Spilochlamys turgida Thompson 1968,
Notogillia sathon Thompson 1968, Planorbella trivolvis (Say 1817) and Physella
hendersoni (Clench 1925).

Remarks. Elimia darwini is most similar morphologically to E. mutabilis
from the upper Ocmulgee drainage system. Elimia darwini has more brightly
colored bands on the shell, and its juvenile shell is narrower and more strongly
sculptured. The adult shell has moderately arched whorls. It's aperture is
characterized by its broadly auriculate shape, its very narrow columellar margin
and the secondary lateral extension of the basal lip. Elimia mutabilis generally
has a uniform gray shell, its juvenile shell is more broadly conical with finer
axial ribs and spiral cords. The adult shell has nearly flat-sided whorls.

No single morphological trait consistently separates adult Elimia darwini from
E. mutabilis because there is some minor overlap between the two species in
each of these shell differences. The strong morphological similarity between
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the two caused William Clench, Herbert Smith and Calvin Goodrich to identify
specimens of E. darwini in various museum collections as E. mutabilis. How-
ever, the morphology of the juvenile shells and the genetic differences between
the two species require that E. darwini be recognized as a distinct species. Phy-
logenetic affinities are with E. caelatura (Conrad 1849) from the Savannah River
and to a lesser extent with E. catenaria (Say 1822) from the Santee River sys-
tem. Elimia darwini differs from both by its relatively simple sculpture. The
other two species bear rugose axial ribs that are crossed by raised spiral lirations
(Thompson, 2000b).

Etymology. We name this species for a Pembroke Welsh Corgi named Dar-
win (1995- ), which accompanied the authors on field trips to the Oconee River
system and most other areas in the South during the course of this study.

Elimia viennaensis (Lea 1862)
Common name: Squat Elimia

Goniobasis viennaensis Lea 1862, Proceedings of'theAcademy ofNatural Sciences ofPhila-
delphia, 14, p. 267; Lea, 1863, Journal of the Academy of Natural Sciences of Philadel-
phia, 5, p. 137, pl. 37, fig. 160; Tryon, 1873, Smithsonian Miscellaneous Collections,
(253), p. 184; Clench & Turner, 1956, Bulletin of the Florida State Museum, 1, p. 135, pl.
5, figs. 708; Graf, 2001, Walkerana, 12(27), p. 112.

Goniobasis boykiniana viennaensis Lea 1862, Goodrich, 1942, Occasional Papers of'the
Museum of Zoology, University of Michigan, (456), p. 4.

Elimia boykinina viennaensis (Lea 1862), Burch, 1989, North American freshwater snails,
p. 131.

Elimia boykiniana (Lea 1840), in part, Chambers, 1990, Walkerana, 4(12), pp. 254-262,
fig. 1.

Elimia curvicostata (Reeve 1861), in part, Chambers, 1990, Walkerana, 4(12), p. 262, fig.
4C.

Diagnosis . The large robust decollate adult shell consists of 3.0-4.5 whorls.
The dominant sculpture consists of rugose ribs, which tend to become obsolete
on the last whorl. Spiral sculpture is weak or absent on the adult shell. The
juvenile shell has scalariform whorls marked by strong peripheral keels and bold
axial ribs. The peripheral cord and a weaker subsutural cord form scalloped
nodes where they intersect the ribs.

Shell (Figs. 125-128, 133-138, 139-144). This is a large robust species in
which the decollated adult shell attains a length of up to 24 mm and a width up to
12 mm. Adult shells are 0.45-0.51 times as wide as long. The development rate
of juveniles indicates that nine whorls are formed, of which 3.0-4.5 are retained
in adult shells. The whorls are flat above the periphery. The suture is moder-
ately impressed and is exaggerated by the nodular base on the ribs of the whorl
above. The spire is straight-sided or slightly convex and diverges at an angle of
21-32°. The periostracum is yellowish-green and may be marked with three or
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four darker green bands which are discernable through the interior of the aper-
ture. The aperture is narrowly elliptical in shape, and is 0.55-0.67 times as wide
as high. It is weakly canaliculate at the base and has a conspicuously projecting
baso-columellar lip below the narrow columella. The sculpture undergoes strik-
ing ontogenetic change. In the juvenile shell the first two whorls are button-
shaped and rounded at the periphery (Figs. 126-128). The next three whorls are
strongly scalariform with a bold peripheral keel. The following three or four
whorls have bold broad ribs that are crossed by the peripheral keel, as well as by
a poorly defined subsutural cord. The keel and cord form scalloped nodes where
they intersect the ribs. A weak subperipheral cord, present on earlier stages of
development, is subsumed by the advancing peristome. The adult shell is sculp-
tured with rugose, bold ribs, with coarse axial striations on and between the ribs
(Figs. 133-138). The ribs becomes reduced and may be completely absent on
the last whorl or two (Figs. 125, 135, 141). There is little indication of spiral
sculpture. An inconspicuous peripheral cord may be indicated only by nodes on
the ribs of the upper-most whorl or two. There is little or no indication of the
subsutural cord. The base of the last whorl is nearly smooth with two or three
faintly discernable spiral cords. Measurements are given in Table 6.

Variation . Elimia viennaensis is a variable species, which has caused much
confusion about its identity. The variation is both ontogenetic and geographic.

The appearance of the shell is complicated by ontogenetic changes. This is an
annual species that reproduces in May through August. The reproductive season
differs between populations, so that some specimen-samples collected from then
through September may be dominated by juvenile shells, whereas specimen-
samples collected at other localities at the same time may be dominated by large
adults. Immature sub-adult shells may be rugosely sculptured with a nearly
complete conical spire (Fig. 142). Adult shells have reduced sculpture consist-
ing of bold axial ribs with little indication of spiral threads or cords, and the spire
is decollate (Figs. 133-135). The juvenile and the adult forms differ so strik-
ingly that pure samples of the two forms from the same locality would hardly be
recognizable as the same species. This has caused considerable confusion in the
past as authors had attempted to assign names to the upper Flint River popula-
tions (Goodrich, 1942).

This species also shows some significant geographic variation. Specimens
from streams draining into the Flint River in Dooly, Crisp and Worth counties
are more robust and less rugosely sculptured than are specimens from the Flint
River and from tributaries farther upstream. Populations from the Flint River
above Thomaston, Upson County, Georgia, become increasingly paedomorphic
in shell shape and in sculpture. This is strongly manifested in snails from Flat
Shoals southeast of Gay, Meriwether County, Georgia, where the snail formerly
was abundant. Specimens from there are more conical in outline (Figs. 142-
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144), the spiral and axial sculpture is retained on the lower whorls of adult shells
more often, producing a more rugose appearance, and large specimens seldom
exceed 18 mm in length. Some populations in Potato Creek, Upson County, also
are dominated by paedomorphic adults (Figs. 139-141). The upper Flint River
populations differ by 2% in the mtDNA sequences from populations farther down-
stream (Fig. 211). We have not determined if the differences are clinal or dis-
junct.

Operculum (Figs. 198-199). Broadly obovate in shape; parietal margin straight
along the upper half; convex along the lower section. Outer surface with numer-
ous coarse incremental striations. Nucleus rapidly expanding; located at about
0.7 times distance from apex to base, and at about a third of the distance from the
columellar margin. Muscle attachment scar sub-elliptical in shape; short, about
0.7 times the length of the operculum; about half as wide as the operculum at the
center of the attachment scar; attachment scar bearing a relatively large oblong
field of fine granules.

Type locality. Georgia, Dooly County, in a small stream near Vienna. Lecto-
type: USNM 118743 (Chambers, 1990, p. 262); collected by Rev. G. White.
Paralectotype: USNM 873110 (2). Clench & Turner (1956, p. 135) restrict the
type locality to the North Fork of Pennahatchee Creek. Chambers (loc. cit.)
repeated this restriction.

Distribution (Fig. 209). Elimia viennaensis is endemic to the upper half of
the Flint River system in Georgia from near Albany, north to Pike County and
Meriwether County.

Specimens examined . GEORGIA. Baker Co .: Chickasawhatchee Creek, Elmodel (UF
31237, UF 258081). Crisp Co.: Swift Creek (UF 1604); Swift Creek, 12 mi. SW of Cordele (UF
71690, UF 71692); Swift Creek, ca. 4 mi. E of Warwick (UF 251657, UF 251658, UF 280687, UF
280693); Cedar Creek, 5 mi. SW of Cordele (UF 1991); Gum Creek, 6.5 mi. W of Cordele, 3 1°57.7'
N, 83°53.0' W (UF 279009); Limestone Creek, at Drayton Rd., 4.7 mi. S, 1.1 mi. E of Drayton ,
32°01'08"N, 83°54'39"W (UF 251650); Limestone Creek at Drayton Rd. ca. 9.0 mi. SSE of Drayton,
32°01.3' N, 83°55.4' (UF 278993); Limestone Creek, at Cannon Rd., 4.7 mi. S of Drayton, 33°02'02"N,
83°55'34"W (UF 251643, UF 251644, UF 280704). Dooly Co.: Limestone Creek at McCay Rd, 0.8
mi. NW of Drayton Rd., 32°01.9' N, 83°54.5' W (UF 279001); Limestone Creek, at McCay Rd., ca.
4 mi. S, 2 mi. E of Drayton, 32°02'00"N, 83°54'33"W (UF 251654, UF 266250, UF 280689, UF
280690). North Fork Pennahatchee Creek, 4.0 mi. NW of Vienna (UF 71700); Little Pennahatchee
Creek at AL Hwy 90, 3.5 mi. NW of Vienna (UF 230728, UF 241054, UF 241055); Turkey Creek,
4.4 mi. NNE, 0.8 mi. E of Drayton (UF 251648, UF 251649). Dougherty Co.: Flint River, Albany
(UF 71699). Macon Co.: Flint River, 4 mi. E of Garden Valley (UF 231841). Meriwether Co.:
White Oak Creek, 3.8 mi. NE of Gay (UF 29610); Flint River, 3.5 mi. SE of Gay (UF 231844, UF
289524); Flint River, 5.0 mi. SE of Gay (UF 29613, UF 231852, UF 231842, UF 231843, UF 231156);
Flint River, 5.6 mi. SE of Gay (UF 230376, UF 289523); Flint River, Flat Shoal, 3 mi. SE of Gay
(UF 231845, UF 231851); Flint River, 1.5 mi. E of Gay (UF 231849, UF 231850); Flint River, old
bridge 2.0 mi. NE of Gay (UF 231853); Flint River, 1.6 mi. E of Gay, 0.4 mi. S of Birch Creek (UF
231854); Flint River, 1.7 mi. NE of Gay, 0.2 mi. N of Birch Creek (UF 231855); Flint River bridge
4.6 mi. E of Gay on SR 109 (UF 251617, UF 251618); Flint River, 2.0 mi. SE of Alvaton (UF
231846, UF 231848); Flint River, 2.1 mi. E of Alvaton (UF 231847 ). Pike Co .: Eklins Creek, 3.6
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mi. ESE of Woodbury (UF 31235); Flint River, 2.6 mi. W of Hollonville (UF 231856). Talbot Co.:
Flint River, 3.2 mi. NW ofCarsonville (UF 231861, OF 231862, OF 231863); Flint River, shoals 2.2
mi. NNW ofFickling Mill (UF 231858, UF 231859); Flint River, shoal 3.6 mi. NW ofFickling Mill
(UF 231860): Flint River, 4.0 mi. E of Prattsburg (UF 231864, UF 231865). Terrell Co.: creek, 1.0
mi. N of Bronwood (UF 231165, UF 231168). Upson Co.: Potato Creek at AL Hwy 36, 7.1 mi. W
ofThomaston (UF 251612, UF 251611, UF 251613); Potato Creek, 5.7 mi. SW of Lincoln Park (UF
29611, UF 231866, OF 231871); Potato Creek, 3.0 mi. W of Thomaston (UF 231868); Potato Creek,
2.3 mi. W of Thomaston, Adams Ferry Rd. and Po Biddy Rd. (UF 251614, OF 251615); Potato
Creek, 2.3 mi. WNW ofThomaston (UF 231869, UF 231872, UF 231867, UF 231874); Flint River.,
5.3 mi. SW of Lincoln Park, RM252 (UF 31231); Flint River, Snipes Shoals, ca. 7.0 mi. S of Lincoln
Park, (UF 31232, UF 31233); Flint River, Spewell Bluff, River Mile 266 (UF 31234); Flint River,
Yellow Jacket Shoals, ca. 6.0 mi. SW of Thomaston (UF 31242); Flint River, Pasley Shoals (UF
230510); Flint River, Seven Islands Shoals (UF 230514); Flint River, Seven Islands Shoal area, 2.0
mi. S of Spewell Bluff (UF 230525); Flint River, 7.4 mi. WSW of Thomaston (UF 231870, UF
231873, UF 231876); Flint River, 6.0 mi. SW of Lincoln Park (UF 231875, UF 231877, UF 231878,
OF 231879, UF 231880); Flint River at AL Hwy 36, shoal downstream from bridge, 5.8 mi. SW of
Lincoln Park (UF 241056, OF 241057, OF 241058, OF 241059); Flint River, Po Biddy Rd. Bridge
(UF 251616). Worth Co.: Jones Creek, 2 mi. S of Oakfield (UF 71691); Mill Creek, 8.0 mi. S of
Oakfield (UF 71702); Abram's Creek, 5.0 mi. S of Oakfield (UF 71703); Big Abram's Creek, 4.2 mi.
S of Oakfield (UF 251661, OF 251662, UF 251881, UF 280705): Jones Creek, 2 mi. SE of Oakfield
(UF 251666, UF280703); Jones Creek, 1.0 mi. S of Oakfield (UF 231154); creek, 8.9 mi. NNE of
Albany (UF 231166); creek, 12.4 mi. NNE ofAlbany (UF 231191); Mercer Mill Creek at Ga. Hwy
300, ca 10 mi. NE ofAlbany, 31 °40.1' N, 83°59.8' (UF 279341); Big Abram's Creek atAL Hwy 300,
9.3 mi. SSW of Warwick, 31°43.1' N, 83°58.3' (UF 278996, UF 279005, UF 279570, UF 279576,
UF 279922).

Conservation status. This species persists throughout most of its known
former range. However, populations in the Flint River and tributaries above
Thomaston, Georgia, have had severe impact from municipal and industrial af-
fluent since 1981 (personal observation). The snail has been extirpated from
most of Potato Creek, and from much of the Flint River. Prior to 1981 Elimia
viennaensis, as well as Somatogyrus rheophilus Thompson 1984, were extremely
abundant at Flat Shoals on the Flint River east of Gay, Meriweather-Pike coun-
ties. Both species no longer occur there. In this regard it should be noted that
Watson (2000, p. 235, fig. 2) failed to find S. rheophilus at several sites in the
upper Flint River from where it had previously been recorded by Thompson
(1984). The current status of E. viennaensis populations throughout the upper
Flint River system needs to be documented with new field surveys.

Habitat . Below Montezuma, Macon County, Georgia Elimia viennaensis is
found primarily in smaller streams tributary to the Flint River, but it also occurs
sparsely in the river. Further up-stream, at localities from which it has not been
extirpated, E. viennaensis is generally present in the Flint River as well as in
tributaries. It is generally distributed on the substrate in slower flowing water.

Elimia viennaensis is found commonly with E. curvicostata and E. induta in
small streams in Dooly, Crisp and Worth counties. It is found occasionally with
E. albanyensis in the Flint River and the lower parts of smaller streams in the
same region.
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Remarks . Elimia viennaensis is related to E. (lava" from the Tallapoosa
River system and to the E. catenaria species-group as is indicated by mtDNA
sequences.

Chambers (1990, p. 254) synonymized Elimia viennaensis with E. curvicostata
on the basis of similarities of their adult shell sculpture. The costate shells of
some large adults ofElimia viennaensis are similar superficially to E. curvicostata.
Elimia viennaensis is a larger, more robust species than is E. curvicostata, and
its juvenile shell differs by being broadly conical and differently sculptured. The
lectotype of E. viennaensis is a large adult shell sculptured with bold ribs (Fig.
125). It lacks spiral cords on the last four whorls, and on the last whorl the ribs
become obsolete. The shell retains seven whorls, of which the upper three are
dead but have not been eroded away. The upper three whorls bear a scalloped
peripheral spiral cord that crosses well-defined ribs. A weak, scalloped, subsutural
cord is also present. These traits of the lectotype are consistent with adult E.
viennaensis and distinguish it from E. curvicostata. The two species coexisting
on the same logs in small creeks in Worth County and Crisp County, Georgia,
where adults of the two species differ strikingly and show no indication of hy-
bridizing or intergradation. There they differ by the large robust size and rugose
appearance of E. viennaensis and the smaller size and more graceful appearance
of E. curvicostata.

Chambers (1990, p. 254) synonymized Elimia albanyensis with E. boykiniana
(Lea 1840), a species occurring in the Chattahoochee River system. His de-
scription of E. boykiniana is a composite of several species. The distribution he
gives for E. boykiniana in the Flint River system is based primarily on E.
viennaensis, but also on E. albanyensis. It is beyond the scope of this paper to
resolve the taxonomic status of the names that Chambers synonymized with
boykiniana, except that we continue to recognize E. albanyensis and E. boykiniana
as distinct species because of genetic and morphological differences and be-
cause of the co-occurrence of E. albanyensis with E. viennaensis. The genetic
relationship of E. boykiniana to E. viennaensis is quite remote. We illustrate for
comparison four specimens of E. albanyensis from the Flint River at Albany,
Georgia (Figs. 145-147, 151), and four specimens of E. boykiniana from the
Chattahoochee River below the dam at Phenix City, Alabama (Figs. 148-150,
152). The figured specimens of E. boykiniana were collected on 4 September,
2000 (UF 289697). Elimia boykiniana has a larger, more fusiform-shaped shell
with weaker spiral sculpture than does E albanyensis and its juvenile shell is
more robust, the sculpture is weaker, the whorls are not scalariform, and they
lack a peripheral keel.

In Elimia albanyensis (Fig. 156) the juvenile whorls have a shallow suture
and are not scalariform. The peripheral keel is weak and is located just above
the suture. The first whorls are smooth, as in E. viennaensis, but the following
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whorls are sculptured with weaker spiral cords that cross low, wide plica. This
sculpture persists in adult E. albanyensis, which seldom exceeds 12 mm in length,
they have a shallower suture separating the whorls, and the shell is elongate-
elliptical in shape. It is found in the lower Flint River system in Georgia and in
the Apalachicola River in Florida. We have found no intergrading populations
of the two species.

Etymology . Elimia viennaensis was named for the City of Vienna, Dooly
County, Georgia, because of its proximity to the type locality.

The Elimia mutabilis species-group

We recognize three species belonging to this group: Elimia mutabilis (Lea
1862) from the upper Ocmulgee River system of Georgia, Elimia ucheensis (Lea
1862) from the middle Chattahoochee River system in eastern Alabama, and a
new species from the lower Choctawhatchee River system in Alabama and
Florida. The group is characterized by the broadly conical juvenile shell that is
smooth or is weakly plicate (Figs. 190-191). The mutabilis species-group shows
phylogenetic affinities with Elimia olivula from the Alabama River system, al-
though the relationship does not seem to be close.

Elimia mutabilis ( Lea 1862)
Common name: Oak Elimia

Goniobasis mutabilis Lea 1862, Proceedings of the Academy of Natural Sciences of Phila-
delphia, 14, p. 270; Lea, 1863, Journal of the Academy of Natural Sciences ofPhiladel-
phia, 5, p. 331, pl. 38, fig. 180; Goodrich, 1942, Occasional Papers of the Museum of
Zoology. University ol'Michigan, (456), p. 5.

Goniobasis suturalis (Haldman 1840), in part, Tryon, 1873, Smithsonian Miscellaneous
Collections, (253), pp. 183-184, fig. 357.

Oxvtrema suturalis (Haldeman 1840), Krieger & Burbanck, 1976, American Midland Natu-
ralist, 95, pp. 49-63.

Elimia mutabilis mutabilis (Lea 1862), Burch & Tottenham, 1980, Walkerana, 1(3), p. 140;
Burch, 1989, North America Freshwater snails, p. 140.

Goniobasis catenaria postelli (Lea 1858), Dillon & Reed, 2002, Malacologia, 44, pp. 23-
29, fig. 2, right.

Diagnosis . In general appearance this is a medium-sized species with a mod-
erately stocky scalariform shell that is greenish-gray in color and is nearly de-
void of axial and spiral sculpture on the lower adult whorls. The whorls are
nearly flat between the sutures. The spire is weakly convex in outline. The
juvenile shell is stocky and diverges initially at about 43-50°, which rapidly
changes to 27-36° in adults. The juvenile shell bears two prominent spiral cords,
one at the periphery, and one below the periphery. The lower cord usually is
covered by the insertion of the lip during shell growth so that it no longer re-



Elimia curvicostata and related species 41

mains visible. Two or three additional very weak spiral cords may be present on
the base of the body whorl. The juvenile shell also may have low, weak, undu-
lating plicae, which end at the peripheral cord and do not form conspicuous
knobs. The plicae usually are obsolete or absent on the lower whorls of the adult
shell.

Shell (Figs. 62, 63-66, 67-72). The juvenile spire diverges at an angle of 43-
50° and tends to be slightly convex in outline. A strong peripheral cord begins
on the second whorl. A weaker subperipheral cord may be present just below
the peripheral cord, or it may be overlaid by the insertion of the peristome. The
base may have an additional two or three very low weak spiral cords, or it may
be smooth. Weak, low, vertical plicae usually extend from the suture to the
peripheral cord, where they may form very weak knobs. An additional very
weak spiral cord may be present between the suture and the periphery (Figs. 63-
66). Most specimens from Snapping Shoals also have on the upper whorls a few
rather distinct spiral striations between the suture and the periphery (Figs. 69-
70). Distinct spiral striations are absent from the type specimens, which in turn
have more distinct vertical striation on the lower whorls than do more recently
collected samples. The rates of growth indicate that adults acquire a total of
about 10 whorls, and lose 4-5 juvenile whorls above the apical plug, leaving
about 4.5-6.0 weakly scalariform whorls in decollate adults. The adult spire
diverges at about 27-36°. Adults are about 15.6-22.3 mm in length below the
decollated apex. The shell is moderately stout; the length of the last four whorls
is about 0.45-0.51 times the standard width. Most specimens are greenish-gray
in color. Occasional shells may have up to five rust-colored spiral bands. The
sculpture of adult shells is best described as indistinct and irregular. Vaguely
differentiated ribs may be present on the upper whorls or the axial sculpture may
consist of only coarse incremental striations (Figs. 67-72). A few poorly differ-
entiated spiral threads also may be present. The aperture is broadly obovate in
shape, 0.62-0.76 times as wide as high and 0.41-0.52 times the height of last
whorl. The lower margin is rounded, and is slightly canaliculate at the base of
the columella. Measurements of 12 adult specimens from four population samples
are given in Table 7.

Operculum (Figs. 173-174). Broadly ovate in shape; parietal margin convex.
Outer surface covered by numerous coarse incremental striations. Nucleus con-
sisting of about 2.5 slowly expanding whorls; it is located at about 0.65 of the
distance from the apex to the base and about 0.3 of the distance from the col-
umellar margin. Muscle attachment scar about 0.85 times the length of the oper-
culum, and about 0.5 its width; bordered along the lower 0.3 with a heavy rounded
ridge, and having a small elliptical granular field near its base.

Type Locality. Butts County, Georgia. Lectotype by present designation:
USNM 118443; collected by the Rev. G. White. Paralectotypes: USNM 905413
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(21). The lectotype is the specimen figured by Lea (1863). We restrict the type
locality to the South River, which forms the northeastern border of Butts County.
Butts County has the same boundaries now as it did in 1862 when the species
was described (Kimberly Ball, personal communication). The county is bounded
on the east by the Ocmulgee River, and on the north by the South River. Speci-
mens collected further upstream in the South River at Snapping Shoals, Newton
County, are very similar in shell traits to the type series.

Distribution (Fig. 209). Populations that are identifiable as this species occur
in the South River and in the Yellow River in Newton County, Georgia. We have
surveyed numerous small streams in Butts County. We have not found any popu-
lations of Elimia in streams within Butts County, and we know of no museum
specimens that originated from streams within the county. We assume that Elimia
was extirpated from there due to adverse environmental impact factors, if in-
deed the snail had ever occurred within the county.

Specimens examined. GEORGIA. "Atlanta" (UMMZ 134018). Newton Co.: South
River, Snapping Shoals (UF 251609, 271307, 251667); Yellow River, Cedar Shoals, 0.5 mi. S of
Porterdale (UF 31262); Yellow River, Porterdale (UF 271306). Rucksdale Co.: Yellow river 1.5 mi.
N of Conyers (UF 230494). Gwinnett Co.: Yellow River, Anniston Rd. Bridge, 2 mi. S of US Hwy
78 (UMMZ 249127).

Habitat. Elimia mutabilis is a large-river species found on granite shoals in
clear silt-free habitats. In the South River and in the Yellow River it is found on
the down-stream sides of granite boulders and outcrops in moderate to fast cur-
rents. We did not find it in quiet pools or backwaters at these localities nor in
quieter sections of the rivers where silt deposition takes place.

Conservation status . Elimia mutabilis is endangered, although it is not listed
by the State of Georgia or United States governmental agencies. The Alcovy
River, the Yellow River and the South River are heavily impacted by siltation
due to urban development upstream from within the southeast environs of the
City of Atlanta. We found E. mutabilis only at the stations listed above during
surveys in 1981, 1995 and 1999. During our most recent survey on 19 March,
1999, we found only a single juvenile specimen in the Yellow River at Porterdale,
and only eight specimens at Snapping Shoals, South River. We found no speci-
mens elsewhere in the Yellow River.

Remarks. Elimia mutabilis has a generalized shell with sculpture features
that occur frequently throughout the genus. This has caused the species to be
neglected and misunderstood in the scientific literature since it was described.
Lea (1862) gave a brief description of the shell. In 1863 he repeated his earlier
description and figured a specimen which we designate here as the lectotype.
Tryon (1873) treated mutabilis as a junior synonym of Melania suturalis
Haldeman 1840. Haldeman did not give a type locality for M. suturalis other
than "Ohio." Tryon (1873, p. 183) expressed doubt that suturalis was found in
Ohio. The "type" of suturalis (USNM 12115) is an adult shell that lacks juve-
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nile sculpture traits. It is not identifiable with E. mutabilis because it has a sub-
sutural spiral cord and another cord midway between it and the peripheral cord.
Goodrich (1940) made no mention of the name suturalis in his synoptic list of
the Pleuroceridae in the Ohio River drainage. Later Goodrich (1942, p. 4) treated
suturalis as a questionable senior synonym of Goniobasis viennaensis Lea 1862.
Krieger & Burbanck (1976) continued to use the name suturalis for this species.
The name Melania suturalis Haldeman 1840 is a nomum dubium because it is
not identifiable with any know population of Elimia.

Goodrich (1942, p. 5) treated Elimia mutabilis as a distinct species and stated
that it occurs in streams in western Georgia and Florida west to the Alabama
River system. This large geographic area contains numerous populations of
Elimia with shells that are superficially similar to E. mutabilis. Goodrich pro-
vided no morphological criteria shared by these various populations, nor did he
provide additional information concerning the taxon. Burch (1989, p. 141, fig.
394) quoted the distribution given by Goodrich, and he provided a new figure.
The illustration does not agree with the lectotype and other specimens from popu-
lations we identify as E. mutabilis.

Dillon & Reed (2002) provide valuable information concerning genetic varia-
tion of Elimia in the Atlantic coastal plains based on allozyme analysis. The
taxonomic interpretations of their data require re-examination. They discuss
four taxa: Elimia catenaria catenaria, E. c. dislocata, E. c. postelli" and E.
proxima. They consider all populations of Goniobasis (= Elimia) from the
Altamaha River drainage to consist of a single taxon, E. catenaria postelli (Lea
1858). Their study population is E. mutabilis, and not E. c. postelli, which is a
very different species (Burch, 1989, p. fig. 337). They do not address data pre-
sented by Mihalcik (1998) demonstrating the presence of two additional species
in the river system, E. timida (Goodrich 1942) and a new species described above,
E. darwini. Dillon & Reed's fig. 5 depicts both E. c. catenaria and E. c. dislocata
as being polyphyletic, and that E. c. postelli (= mutablis) differs from E. catenaria
almost to the same degree as does E. proxima, which they regard as a separate
species. Their polyphyletic phylogeny is untenable by modern systematic meth-
odologies.

Numerous populations of Elimia occur in Georgia, which are identified in
museum collections as E. mutabilis. Only populations in the South River and
the Yellow River of the upper Ocmulgee system are this species. Specimens
from the adjacent Alcovy River and the Ocmulgee River, Georgia, are much
more rugosely sculptured than is typical for Elimia mutabilis. Although they
inhabit immediately adjacent rivers, we tentatively exclude them from this taxon.
Elimia darwini from Rocky Creek, Laurens County, a tributary of the Oconee
River, is superficially similar to typical E. mutabilis, and it has been identified in
museum collections as such. When we first encountered E. darwini in the field
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we though it was a local variation of E. mutabilis. Close examination of juvenile
shell characters and mtDNA analysis indicate that it is a different species related
to E. catenaria and not to E. mutabilis.

Etymology. The name mutabilis is from the Latin, meaning changeable, and
alludes to the shells variable sculpture.

Elimia ucheensis (Lea 1862)
Vernacular name: Creek Idimia

Goniobasis ucheensis Lea 1862, Proceedings of the Academy of Natural Sciences of Phila-
delphia, 14, p. 270; Lea, 1863, Journal of the Academy of Natural Sciences ofPhiladel-
phia, 5, p. 334, p1. 38, fig. 195; Goodrich, 1942, Occasional Papers of the Museum of
Zoology, University of Michigan, (456), p. 4.

Goniobasis inosculata Lea 1862, Proceedings of the Academy of Natural Sciences ofPhila-
delphia, 14, p. 270; Lea, 1863, Journal of the Academy of Natural Sciences of Philadel-
phia, 5, p. 334, pl. 38, fig. 195.

Goniobasis elliotti Lea 1862, Proceedings of the Academy of Natural Sciences ofPhiladel-
phia, 14, p. 271; Lea, 1863, Journal of the Academy ofNatural Sciences of Philadelphia,
5, p. 338, pl. 38, fig. 201; Tryon, 1873, pp. 265-266, fig. 509.

Goniobasis gesneri Lea 1868a, Proceedings of the Academy of Natural Sciences of Phila-
delphia, 20, p. 151; Lea, 1868b, Journal of the Academy of Natural Sciences ofPhiladel-
phia, 6, p. 330, pl. 54, fig. 5.

Goniobasis curvicostata (Reeve 1861), in part, Clench & Turner, 1956, Bulletin ofthe Florida
State Museum, 1, p. 136.

Elimia ucheensis (Lea 1862), Burch, 1989, North American freshwater snails, p. 121, fig.
346.

Elimia curvicostata (Reeve 1861), in part; Chambers, 1990, Walkerana, 4(12), p. 262.

Diagnosis . This is a moderately large species that generally has a straight-
sided, truncate spire consisting of about 4-5 whorls. The early whorls are sca-
lariform with a prominent peripheral spiral keel that lies just above the suture.
The sculpture consists of coarse posteriorly arched incremental striations and
usually very fine spiral striations that give the shell a satiny luster. The vertical
striations frequently occur on an undulating obsolete-plicate background, but
axial ribs are absent at all growth stages.

Shell (Figs. 155-158, 159-166). The shell is moderately large, up to about 22
mm long, and is 0.44-0.48 times as wide as high. It is glossy, light brown or
grayish brown in color with a livid-white aperture and a white columella. The
shell is elongate-conical in shape with a truncate apex. The sides of the spire are
straight and diverge at an angle of about 25-37°. The spire becomes weakly
convex at terminal growth. Adult shells retain about 4-5 whorls. The growth
rate of juvenile shells indicate that 9-10 whorls are developed through the life of
the snail. The whorls are flat-sided, or nearly so, between the sutures. The early
whorls have a strong peripheral keel that lies just above the suture. The suture is
weakly impressed, but is accentuated above by the tendency of the earlier whorls
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to be weakly scalariform due to the peripheral keel. The keel begins on the
second juvenile whorl and may persist to the sixth or seventh whorl (upper 2-3
whorls of adult). A weak rounded spiral cord is present on the base of the juve-
nile body whorl just below the periphery (Figs. 157, 158). This cord begins on
the second whorl and persists through the next 4-5 whorls. It is covered and
obscured by the advancing parietal callus. On the upper whorls another weak
spiral cord occasionally is present just below the suture. The sculpture consists
of coarse posteriorly arched incremental striations that are nearly equal in inten-
sity over the surface of the shell. Very fine spiral micro-striations also may be
present. Frequently the surface of the lower whorls may be weakly undulating.
The aperture is narrowly elliptical to nearly trapezoidal in shape and is about
0.58-0.66 times as wide as high. The aperture is about 0.42-0.48 times the length
of the last four whorls, and about 0.65-0.72 times the length of the last whorl.
The columellar margin is strong, nearly straight, weakly inclined, and partially
reflected over the umbilical area. The outer lip is nearly straight above the pe-
riphery, rounded below and projecting forward in lateral profile. Measurements
are given in Table 8.

Variation . In general appearance this snail is drab-colored and coarse in ap-
pearance. The shell is glossy with a satiny appearance when clean, but usually it
is covered by mineral deposits. The measurements given in Table 8 encompass
most of the size variation found in this species. There is very little geographic
variation in other shell features. As with other species of Elimia, E. ucheensis is
an annual species. Specimens from samples collected at a single station but at
different seasons may differ dramatically in appearance because of the different
growth stages they represent.

This seasonal variation, coupled with small sample-sizes, caused Lea to rec-
ognize four nominate species in the Uchee Creek system that we treat as syn-
onyms. They represent different growth stages and are typical for specimens
found in many large samples from there. The lectotype of Goniobasis ucheensis
(Fig. 156) is a juvenile with scalariform whorls on the upper spire. The whorls
bear a strong peripheral keel and a weaker keel located between the upper suture
and the periphery. The lectotype of Goniobasis inosculta (Fig. 155) represents a
more advanced growth stage, but it is still immature. The lectotype of Goniobasis
elliotti (Fig. 165) is an older, gerontic shell, which still retains the peripheral
carinae. Specimens of this size are uncommon because they represent terminal
growth at old age, and usually they survive for only a brief period during the
summer. The lectotype of Goniobasis gesneri (Fig. 166) is typical for the spe-
cies in sculpture and other structural traits, except that it is unusually obese, but
not uniquely so. Many large specimen-samples have individuals that encom-
pass the range of variation demonstrated by the four nominate types.

Operculum (Figs. 187-188). Broadly ovate in shape with a weakly indented
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parietal margin. Thin, delicate, hyaline in color. Nucleus located at about a
third of the distance from the base to the apex and about a third of the distance
from the columellar margin. Nucleus consisting of 2.5 rapidly expanding whorls.
Outer surface with a few delicate incremental striations. Muscle attachment
scar smooth; about 0.7 times the length of the operculum, and about half its
width.

Type localities. Goniobasis ucheensis: Little Uchee Creek, "Georgia" [Ala-
bama], lectotype USNM 119259 (Chambers, 1990, p. 263), collected by George
Hallenbeck; paralectotypes USNM 873114 (26), same data as the lectotype.
Goniobasis inosculata: Little Uchee Creek, Alabama, lectotype USNM 119177
(Chambers, 1990, p. 263), collected by George Hallenbeck; paralectotypes USNM
873115 (7), same data as the lectotype. Goniobasis elliotti: Little Uchee River,
Alabama; lectotype USNM 119122 (Chambers, 1990, p. 263), collected by
George Hallenbeck; paralectotypes USNM 873113 (10), same data as the lecto-
type. Goniobasis gesneri: Uchee River, Alabama, holotype USNM 119134,
collected by William Gesner.

The name Goniobasis elliotti Lea 1862 is based on specimens collected by
Bishop Elliott in Fannin County, Georgia, which is in the Hiawassee drainage
system of the Tennessee River. Lea (1862, p. 271) also cited specimens from
Little Uchee Creek collected by George Hallenbeck. Chambers (1990, p. 262)
selected the specimens from the latter locality as the lectotype, which circum-
vents Lea's original intention as is implied by Lea's choice of the name elliotti.
This action conveniently disposes of the name elliotti because the Little Uchee
Creek specimens unquestionable are old adult Elimia ucheensis, but it leaves
unanswered the question regarding the identity of the Fannin County specimens
for which Lea intended the name elliotti to be applied.

Distribution (Fig. 209). This species occurs in the Uchee Creek system, a
tributary of the Chattahoochee River in eastern Alabama.

Specimens examined . ALABAMA. Russell Co.: Uchee Creek (UF 61677, UF 76318, UF
71707,UF 76321, UF 76322); Uchee Creek, Fort Mitchell (UF 76315); Uchee Creek, nr. Ft. Mitchell
(UF 71695, UF 76314); Big Uchee Creek, 6.0 mi. NE of Seale (UF 76319); Uchee Creek, 4.7 mi. NE
of Seale (UF 231792); Uchee Creek, 3.0 mi. W of Ft. Mitchell (UF 231795); Uchee Creek, 3.0 mi. W
of Ft. Mitchell (UF 279899); Uchee Creek, 4.2 mi. N of Seale (UF 231797); Uchee Creek at U.S.
Hwy 431 (UF 251461); Uchee Creek at Co. Rd 39 (UF 251462); Uchee Creek at AL Hwy 165, 1.0
mi. N of Ft. Mitchell (UF 279851, UF 279853); Uchee Creek, 6.1 mi. NE of Seale (UF 279854, UF
279855); Uchee Creek at AL Hwy 169, 6.7 mi. N of Seale (UF 279858-279860); Little Uchee Creek,
7.5 mi. WSW of Phenix City (UF 231794, UF 231798, UF 279894, UF 279895-279897); Little
Uchee Creek, 16.2 mi. SW of Phenix City (UF 251623, UF 251623, UF 41470); Little Uchee Creek
at U.S. Hwy 431, 8.0 mi. NE of Seale (UF 41462, UF 41465, UF 251466, UF 279856, UF 279856,
UF 279857); small creek on U.S. Hwy 431, 6.2 mi. NE of Seale (UF 41468, UF 41469).

Conservation status. This species is widely distributed with the Uchee Creek
system, and it is common at most places where it occurs. No special protective
measures are warranted.
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Habitat . Elimia ucheensis inhabits small, shallow, clear streams, which form
intermittent pools and riffles, and which lack aquatic vegetation. It is generally
found on the substrata on silt, sand, gravel, rocks and logs. We have not detected
a substrate preference.

Remarks. Elimia ucheensis is most closely related to E. mutabilis and the
following species as is indicated by the strong similarities in their mtDNA, their
juvenile shell morphology and their opercula.

Chambers (1990, p. 263) placed Goniobasis ucheenis in the synonymy ofElimia
curvicostata. Elimia curvicostata consistently differs from E. ucheensis by hav-
ing a single strong spiral carina on the middle of the juvenile whorls. The carina
is strongly scalloped by strong ribs located between the upper suture and the
periphery. The juvenile whorls of E. ucheensis have two prominent carinae and
lack axial ribs so that the carinae are simple smooth crests. The sculpture of
adult shells also are strikingly different. Elimia curvicostata has bold axial ribs
that lack any spiral sculpture features, in contrast to E ucheensis, which lacks
bold axial ribs but retains the spiral carina on the upper whorls. The two species
also differ in mtDNA sequences.

Etymology. Three names associated with Elimia ucheensis are geographic or
personal patronymics. Goniobasis ucheensis was named for Uchee Creek.
Goniobasis elliotti was named for The Right Reverend Stephen Elliott.
Goniobasis gesneri was named for George Gesner. The species name inosculta
refers to an open, broadly rhombic (not puckered) mouth or aperture.

Elimia huffyae new species
Vernacular name: Iris Elimia

Goniobasis curvicostata (Reeve 1861), in part, Clench & Turner, 1956, Bulletin of the Florida
State Museum, 1, p. 136-138.

Elimia curvicostata (Reeve 1831), in part, Thompson, 1984, Freshwater snails of Florida,
pp. 26-27, fig. 49; Chambers, 1990, Walkerana, 4(12), pp. 262-264.

Elimia sp., Thompson, 2000a, Walkerana, 10(23), p. 24, fig. 54.

Diagnosis . The elegant shell is moderately large, up to about 22 mm in stan-
dard length. The spire is slightly convex, diverging at 25-33°. The shell is
decollate with 3.5-4.5 whorls remaining in the adult shell. The shell usually is
smooth, shiny, and frequently has one to four rust-colored bands. The sculpture
on the adult shell, when present, is confined to the early whorls of the spire and
consists of low, poorly defined, undulating plicae. Juvenile shells are broadly
conical, straight-sided in outline, and have two peripheral carinae. The advanc-
ing lip is deposited between the two carinae so that the upper whorls have a
single carina that lies just above the suture. The carina is smooth and not knobbed
by intersecting ribs.
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Shell (Figs. 81-85, 92-97, 98-105, 106-109). The shell is medium to large in
size, measuring up to 22 mm in standard length. The periostracum is yellowish-
gray in color with up to four rust-colored bands. When present, one band lies
below the suture, two bands are peripheral and a fourth band is located about
midway around the base. The shell vairies in shape from conical to ovate-coni-
cal. The shell is moderately stout, and in outline the spire is slightly convex,
diverging at an angle of 25-33°. Adult shells have 3.0-4.5 whorls remaining
below the apical plug. The rate of growth of the juvenile shell indicates that a
total of about 10-11 whorls are formed. The juvenile shell is narrowly conical
with flat-sided whorls bounded by a peripheral carina located just above the
suture (Figs. 80-81, 83-85). A weaker subperipheral carina is present on the
juvenile shell, but it is overlaid and obliterated by the advancing peristome. The
peripheral carina is located just above the suture and is smooth throughout its
course. It continues on the adult shell, causing the upper whorls to be slightly
scalariform; the suture of the last whorl is more deeply impressed, causing the
last whorl to be slightly pinched from the preceding whorl. The first three to
four juvenile whorls are smooth. The following whorls are usually smooth also,
but may have poorly defined, widely spaced plicae that may persist on the up-
permost whorl or two of the adult shell as low irregular wavy undulations. Adult
shells have rather coarse incremental striation. The aperture is irregularly ellip-
tical in shape, about 0.52-0.67 times as wide as high, and 0.59-0.70 times the
length of the last whorl. The columellar margin is narrow and weakly concave.
In lateral profile the outer peristome is nearly vertical and recurved in the middle
(Fig. 97). Measurements are given in Table 9.

Variation . Elimia buffyae demonstrates considerable geographic variation
within the Choctawhatchee River system and to a lesser extent in the Yellow
River. Populations may differ by the size of the adult shells, relative obesity,
intensity of the plicate sculpture, and by the color pattern. The variations do not
correlate with stream size. All population samples that we have examined in-
clude some specimens that are banded, and in some populations nearly all of the
individuals are banded. Populations from Double Bridge Creek in Geneva County,
Alabama, are short, squat and coarsely plicate. Specimens from upstream tribu-
taries in Dale and Barbour Counties, Alabama, also tend be more rugosely pli-
cate than normal. Specimens from a small stream, Limestone Creek, Walton
County, Florida (Figs. 102-105), essentially do not differ from those from the
Choctawhatchee River. Specimens from tributaries to the Choctawhatchee River
farther south tend to be smaller and more cylindrical (see Remarks). Specimens
from the Yellow River are typical in most respects, except that the columellar
margin of the aperture tends to be thicker (Figs. 98-101).

Operculum (Figs. 194-195). Hyaline, dark amber colored. Broadly ellipti-
cal; parietal margin straight or weakly convex. Nucleus located near the lower



Elimia curvicostata and related species 51

^n ^o o v r o v^ o a
O Q, --O O Q1 O O O

N '0 o 7 vi M l^ N
vl vi ^O v1 O vl ^O vi O
O O O O O O O O O

0 0 0 0 0 0 0 0 0

0 7 - NN
(= r- N

0 0 0 o c o c o 0

N M W V') N V) 01 l- Nv v v v o v v v o
O o 0 0 0 0 0 0 0

00 M N m N 7 V7 O M
N N M N N M M

W) O vi O 07 N ON
4 M 7 11i i 4 O

o b O - : 10 0 .r. M
7 V ^O v^ O ^ v^ vl O

O oo N 7 7 ^O O 7
0; 00 o a; O 00 0; 0; o

0 o v= N rn o a
C 0\ O 00 C 0\ C

10 O
M ^ l0 V1 M V' ^

M V'1 O N d' M O

h 01 N N O N 000
O 00 N N 00 O 01 O

N --^ N N M N
O
N

06 N
N

C
N

. oc O
N

o; C



52 Mihalcik and Thompson

left 1/3 of the columellar margin. Outer surface rugose with coarse incremental
striations. Inner surface smooth. Muscle attachment scar elliptical in shape,
about 0.75 times length of operculum and about 0.5 its width; a strong ridge runs
along its basal and columellar margin; a small granular patch is present over the
nucleus

Type locality. Choctawhatchee River, 1.0 mi. E of Geneva, Geneva County,
Alabama. Holotype: UF 268735, collected 8 October, 1997, by Fred G. Thomp-
son. Paratypes: UF 270485 (130), UMMZ 300040 (10), ANSP 410587 (10),
USNM (10); same data as the holotype. Topotypes: UF 231919 (155), OF 231921
(105), collected 21 April, 1970.

Distribution (Fig. 210). Known from the Choctawhatchee River system and
the Yellow River system in Alabama and Florida. This species enters the head-
waters of the Chipola River in Cowart's Creek, Houston County, Alabama.

Specimens examined . ALABAMA. Barbour Co.: West Fork Choctawhatchee River
Blue Springs State Park (UF 25462, UF 74160, UF 75305); Blue Springs, Blue Springs State Park
(UF 231912, UF 282443); McCoy's Mill Creek, 5 mi. E of Clio (UF 74154, UF 75300); Campbell's
Creek, Clio (UF 75230); Campbell's Creek, near Clio (UF 74214): Limestone Branch of Pea River,
4 mi W of Elamville (UF 74200, UF 74140); creek, 7.5 mi. E, 4.1 mi. S of Texasville (UF 25461).
Coffee Co.: Pea River, Flemings Mill (UF 76323, UF 75218); Pea River, at Ala. Hwy 167 (UF
231157); Pea River, 2.5 mi. E of Perry Store (UF 231196, UF 231209); Pea River, 0.4 mi. SW of
Elba on AL Hwy189 (UF 241077, UF 241078); Whitewater Creek, at Lowry Mill, 22 mi S of Troy
(UF 222568); Whitewater River, 2.6 mi. NNW of Victoria (UF 231 189). Covington Co.: artesian
spring along Five Runs Creek, ca. 2 mi S of Co. Rd 24 (UF 208003); Watkins Mill Creek (UF 74045,
UF 75268); Watkins Mills Creek, Florala, Rte. A, Yellow River drainage (UF 71055); Yellow River,
near Opp (UF 75260); Yellow River, 4.4 mi. ESE of Wing (UF 231942). Dale Co .: Choctawhatchee
River, near Newton (UF 75258); Choctawhatchee River, 0.8 mi. NW of Newton (UF 231917, UF
231914); Choctawhatchee River, near Pinckard (UF 75275); Choctawhatchee River at Mckinley's
Shoals, near Pinckard (UF 74180, UF 75283); Choctawhatchee River, below Dam (UF 131416);
Choctawhatchee River, 3 mi. N of Midland City (UF 231916); Choctawhatchee River, 2.8 mi. SE of
Daleville (UF 231956); Choctawhatchee River, Waterford (UF 296473); Choctawhatchee River, ca.
0,5 mi. NE of Waterford (UF 269466); Choctawhatchee River ca. 0.5 mi. NE of Waterford (UF
296470); East Fork of Choctawhatchee River, 9 mi. N of Pinckard (UF 74158, UF 75238); East
Fork of Choctawhatchee River, 10 mi. E of Ozark (UF 74179, UF 75243); East Fork of
Choctawhatchee River, at Bevert's Bridge (UF 74176, UF 75220); East Fork Choctawhatchee River,
1.4 mi. S of Brown's Crossroads (UF296480); West Fork Choctawhatchee River at Al Hwy 105, 4
mi E of Skipperville (UF 222567); West Fork Choctawhatchee River, 3.1 mi. NNE of Skipperville
(UF 231915); West Fork of Choctawhatchee River, 2.8 mi. SE of Daleville (UF 231955); West Fork
of Choctawhatchee River, T6N, R25E, Sec. 23 (UF 207950); West Fork of Choctawhatchee River, 7
mi. E of Ozark (UF 75285); West Fork Choctawhatchee River, at AL Hwy 27, 0.5 mi. SE of Brown's
Crossroads; Little Choctawhatchee River, near Pinckard (UF 74141, UF 74204); Pea Creek, Rte
231, 11 mi. NW of Ozark (UF 46988); Pea River, 12.2mi N of Ozark (UF 296478); Pea River., US
Hwy 231 (UF 231913); Pea River, Fleming's Mill, near Ariton (UF 75234); Calloway Spring, near
Newton (UF 75226); Spring Grove (UF 75264); Claybank Creek, 7 mi. E of Enterprise (UF 75225);
Creek near Daleville (UF 74197). Geneva Co.: Choctawhatchee River, 0.3 mi. E of Geneva (UF
231919, UF 231921); Choctawhatchee River, 0.5 mi. E of Geneva (UF 251669); Choctawhatchee
River, ca. 2 mi. NE of Geneva (UF 1962, UF 258437); Choctawhatchee River, 4 mi. NE of Geneva
(UF 29615, UF231960); Choctawhatchee River, 4 mi. S of Bellwood (UF 231961, UF 231920):
Choctawhatchee River, 7 mi NW of Hartford (UF 75241, UF 75293); Choctawhatchee River, near
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Mouth of Gilley's Mill Creek (UF 75296); Choctawhatchee River, near High Bluff (UF 75244);
Comer Creek, at AL Hwy 54, 8.7 mi. WSW of Samson (UF 224297); Double Bridges Creek (UF
74193); Double Bridges Creek, near Geneva (UF 76905); Double Bridges Creek, N of Geneva (UF
74195, UF 74143, UF 74150); Double Bridges Creek, 1.0 mi. NW of Geneva (UF 74211); Double
Bridge Creek, 0.5 mi. NE of Geneva (UF 231922); Flat Creek, 8 mi SW of Samson, near Mouth of
Pea River (UF 74198); Pea River, 3 mi. ENE of Lowery (UF 231962); Pea River, 4.0 mi. W of
Samson (UF 231911, UF 231918); Pea River, 2.8 RM upstream of confluence with Choctawhatchee
River (UF 270826); Pea River, about 0.5 mi. SW of Geneva (UF 1992); Pea River, at Steam Ferry, 8
mi. W of Geneva (UF 75273); Pea River, near Pera (UF 74170). Henry Co.: Choctawhatchee River,
9.1 mi. SW of Abbeville (UF 231924). Houston Co.: tributary of Cowart's Creek at Co. Rd 55, 5.2
mi. NE of Cottonwood (UF 282276); Little Choctawhatchee Creek near Pinckard (UF 75310); Little
Choctawhatchee Creek, near Dale Co. (UF 74145, UF UF 74155, UF 75229). Pike Co.: Pea River,
6.4 mi. E of Brundidge (UF231949).

FLORIDA. Holmes-Washington Cos.: Beckton Springs, 2 mi. NW of Vernon (UF 291590);
Holmes Creek, Clemmons Spring, along left side of creek (UF 276631); Cypress Springs, 2.5 mi.
NE of Vernon (UF 66002); High Tower Springs, 3 mi. SW of Vernon (UF 66023); Holmes Creek,
small spring on SE side of river, 30°36.5' N, 85°44.2' W (UF 275193); Holmes Creek, 30°36.6' N,
85°48.6' W (UF 275174); Holmes Creek, below Big Pine Landing, 30°39.0' N, 85°41.5' W (UF
277485); Holmes Creek, 30°36.4' N, 85°47.7' W (UF 275169); Holmes Cr., 6.5 mi. NE of Vernon
(UF 65990);; Holmes Creek, 4 mi. NE of Vernon (UF 65998); Holmes Creek, Vernon (UF 65986).
Jackson Co.: Marshall Creek at FL Hwy 2, 8.4 mi. W of Malone Okaloosa Co.: Yellow River,
Milligan (UF 1994); Yellow River, 0.3 mi. E of Oak Grove (UF 29616); Yellow River, ca. 5 mi. S of
AL Hwy 4 (UF 208000); Murder Creek, tributary to Yellow River at FL Hwy 2, 4.5 mi. W of FL
Hwy 85 (UF 241132, 241133). Walton Co.: Limestone Creek, Bridge, 7.3 km ENE of Gaskin, 5.0
km N of Darlington, 9.5 km NNW of Leonia (UF 155939); Limestone Creek, N of Darlington (UF
281535); Limestone Creek, N part Walton County (UF 4338, UF 4351, UF 4352, UF 231205, UF
282280); Sandy Creek (UF 4337). Washington Co.: 1.2 mi. W of Ebro on Washington Co. line, FL
Hwy 20 (UF 224264), Choctawhatchee River; Choctawhatchee River, 1.6 mi. W of Ebro (UF 231932).

Conservation status. The species is widely distributed within the
Choctawhatchee River system and the Yellow River system. It inhabits many
streams and it usually occurs in dense populations. No conservation measures
are needed.

Habitat . This species inhabits the substrata in clear streams with a moderate
current where it is found on rock, gravel and sand bottoms. We have not found
it on submerged wood or tree rootlets. For the most part, the rivers and streams
throughout its range lack rapids and shoals, and rooted herbaceous vegetation is
absent. In the lower part of the Choctawhatchee River system, Elimia buffyae is
found with E. curvicostata and E. dickinsoni, as well as other prosobranchs. It is
the only species of Elimia that is known from the Yellow River system.

Remarks. Elimia buffyae is a large-river species throughout most of its range.
In Alabama it is found in the Choctawhatchee and Pea Rivers and their larger
tributaries. Populations from smaller tributaries, both in Alabama and in Florida,
may differ morphologically to the extent that they are questionably assigned to
this species. Some of these populations are mentioned above under Variation.
Throughout most of its range, Elimia buffyae is readily distinguished by its large,
nearly smooth shell and its color pattern. However, in some tributaries of the
Choctawhatchee River in Florida individuals are more slender in shape, and
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may be confused with E. curvicostata with which it occurs in the lower
Choctawhatchee River system. The two species differ in the sculpture of the
juvenile shell as well as adult sculpture. The juvenile shell of E. buffyae has a
single smooth peripheral carina that lies just above the suture and it is not no-
dose, whereas E. curvicostata has a single carina located in the middle of the
whorl, and the carina is nodose where it intersects ribs.

Typical Elimia buffyae (Figs. 102-105) and E. curvicostata occur together in
Limestone Creek, Walton County, Florida, without any indication of interbreed-
ing. In Holmes Creek, Florida, Elimia buffyae coexists with E. curvicostata,
where the two species are more similar. However, the periostracum of E. buffyae
is light yellow in color, the shell is almost cylindrical in adults, lacks costate
sculpture below the upper spire, the ribs when present have poorly defined pli-
cae which are not synchronized, and the outer lip is noticeably indented in lat-
eral profile (Figs. 106-109). The periostracurn of E. curvicostata is darker in
color, the shell is more broadly conical, retains synchronized ribs onto the last
whorl or the penultimate whorl, and the outer lip is more nearly straight in lat-
eral profile (Figs. 110-113).

Etymology. In An Identification Manual for the Freshwater Snails ofFlorida,
Thompson (2000a, p. 23) proposed for this species the vernacular name
"Choctawhatchee Elimia." The illustration was inadvertently switched with that
of E. annae. We propose that henceforth E. buffyae be known as the Iris Elimia,
alluding to its bright shiny appearance, and also the fact that it is more widely
distributed than just the Choctawhatchee River. We name this species Elimia
buffyae for an Australian shepherd named Buffy (1985-2001), which accompa-
nied the first author on field trips to the Choctawhatchee River system.

Elimia from the Escambia River system

The following two species had been referred to Elimia curvicostata in previ-
ous literature (Clench & Turner, 1956, pp. 136-138 ; Thompson , 1984, p. 126;
Chambers , 1990). Their phylogenetic relationships approach E. olivula (Conrad
1834) and other species in the Alabama River system more than they do to E.
curvicostata. The two species occur in the Escambia River system in southern
Alabama. One has a double peripheral carina on the juvenile shell, similar to
that described above for Elimia buffyae. The advancing peristome is deposited
in the sulcus between the two caring so that a single peripheral carina is left
behind just above the suture, producing weakly scalariform early whorls. The
adult shells are smooth , or nearly so, with poorly defined , low, wavy plicae on
the earlier whorls. The second species has a single peripheral carina on the
juvenile shell with poorly defined, low, close ribs . The two species are not closely
related , nor are they particularly close to E. olivula , but their affinities are closer
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to E. olivula than to other Elimia from the east.
The operculum of Elimia olivula is figured for comparison (Figs. 200-201).

The operculum is neomelanian in structure, i.e., it has a very eccentric nucleus
located near the basal margin. The parietal-columellar margin is very long and
nearly straight. The outer surface bears coarse incremental striations and folds.
The muscle attachment scar is elongate-elliptical with a small oblong granular
field. The scar is about 0.8 times the length of the operculum and is about 0.5 its
width. The operculum is similar to that of Elimia modesta (Lea 1945), E. godwini
Thompson 2000, E. carinocostata leidyana (Lea 1862), E. carinocostata scabrella
(Lea 1862) and E. lecontiana decorata (Anthony 1860), all from the Alabama-
Coosa river system (Thompson, 2000b). Elimia buffyae, described above from
the Choctawhatchee River system, has an operculum that is similar to this group.

The Elimia annae species-group

The following species is isolated within the genus Elimia. It is confined to
Patsiliga Creek and headwaters of adjacent steams tributary of the Conecuh River
in south-central Alabama. The species-group is characterized by having an at-
tenuate juvenile shell that bears a strong peripheral carina and a weaker
subperipheral carina. The juvenile shell lacks plicae or ribs.

Elimia annae new species
Vernacular name: Rainbow Elimia

Goniobasis curvicostata (Reeve 1861), in part, Clench & Turner, 1956, Bulletin of the Florida
State Museum, 1, pp. 136-138.

Elimia curvicostata (Reeve 1861), in part, Thompson, 1984, Freshwater snails of Florida,
pp. 26-27.

Elimia sp., Thompson, 2000a, Walkerana, 10(23), p. 24, fig. 53.

Diagnosis . This is a large, elegant species with a slender straight-sided spire.
The glossy shell usually bears up to five rust-colored bands on a light green
background. The juvenile shell is elongate with a peripheral carina and a weaker
subperipheral carina, both of which become obsolete or lost on adults. Low
wavy weak plicae are present on the upper spire of adults.

Shell (Figs. 79, 80, 86-91). The shell is large, up to 27 mm long in standard
length. It is slender with a straight-sided spire, which diverges at an angle of 21-
29° at maturity. The periostracum is glossy and light green, with up to five rust-
colored bands present on the last whorl. The interior of aperture has a slight
whitish glaze that does not obscure the external banding. Adult shells are decol-
late, with 3.9-5.6 whorls remaining below the apical plug. The rates of growth
of juvenile shells indicate that a total of about 10 whorls are formed. Juvenile
shells are slender with flat-sided scalariform whorls that bear a low peripheral
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carina located just above the suture (Fig. 80). A weaker subperipheral carina is
present on the last whorl and is obscured by the advancing peristome, which
inserts in the sulcus between the two carinae. The carinae become obsolete or
are absent on the adult shell. The suture of the adult shell is weak to moderately
impressed. The upper whorls have wavy, poorly defined plicae. The lower
whorls usually are smooth with sinuous incremental striation. The aperture is
elongate-trapezoidal or broadly elliptical in shape, and is about 0.59-0.65 times
as wide and high. The aperture is 0.41-0.45 times the length of the last four
whorls, and is about 0.59-0.66 times the length of the last whorl. The columellar
margin is nearly vertical, narrow and slightly concave. The basal lip is thin and
moderately produced. This species shows little variation throughout its range.
Measurements are given in Table 10.

Operculum (Figs. 192-193). Hyaline, dark amber in color, broadly elliptical;
parietal margin straight or very slightly convex. Nucleus located very close to
the base and about a third of the distance from the columellar margin. Outer
surface sculptured with coarse incremental striations. Attachment scar ellipti-
cal, about 0.7 times the length of operculum; with a strong ridge along its basal
and outer margin.

Type locality. Alabama, Crenshaw County, Patsaliga Creek, 1.5 miles west
of Rutledge. Holotype: UF 291581; collected 9 October, 1997. Paratypes: UF
270490 (105), UF 268734 (1), UF 291580 (5), UMMZ 300039 (10), ANSP
410586 (10), USNM (10); same data as the holotype.

Distribution (Fig. 210). This species occurs in Patsaliga Creek and some
headwater tributaries of the Sepulga River in the Escambia River system in
southcentral Alabama.

Specimens examined . ALABAMA. Butler Co.: Pigeon Creek, 7.7 mi ESE of Greenville
(UF 123280); Pigeon Creek, 10.7 mi E of Georgiana (UF 224280); Pigeon Creek, 14.2 mi. NE of
McKenzie (UF231935); Persimmon Creek at AL Hwy 106 (UF 251452); Persimmon Creek at Co.
Rd 8 (UF 251467). Conecuh Co.: Oldtown Creek (UF 73520); Old Town Creek at US Hwy 31 (UF
251451); Beaver Creek, near Evergreen (UF 75287); Pigeon Creek at US Hwy 84, ca. 19 mi E of
Evergreen (UF 224286); Pigeon Creek, about 7.5 mi. E Herbert (UF 231212). Covington Co.:
Pigeon Creek, at AL Hwy 55, 11 mi. SE of Mackenzie (UF 47020); Cattle Creek, near Crenshaw Co.
line (UF 75219); Pigeon Creek, 6.7 mi. NW of Red Level (UF 231941); Patsiliga River, 4.4 mi. W of
Red Level, 3.3 mi. W of Gantt Dam (UF 270486). Crenshaw Co.: Conecuh River, 0.5 mi. SE of
Dozier (UF 231945); Batts Creek, near Searight (UF 71078); Horse Creek, near Luverne (UF 74208,
UF 75224); Horse Creek at Co. Rd 77, 4.1 mi. SW ofAL Hwy 10 (UF 251469, UF 260029); Horse
Creek, dirt rd 0.7 mi. SE of Co. Rd 77 crossing (UF 260021); Horse Creek, T8N, RI 7E, Sec. 28 (UF
207952); Hornet Creek, near Dozier (UF 75329); Dry Creek, near Brantley (UF 75228, OF 75269);
Patsaliga Creek, I mi W of Luverne (UF 75284); Patsaliga River at Lang's Bridge, near Searight
(UF 75299); Patsaliga Creek, near Rutledge (UF 75311); Patsaliga Creek, 0.8 mi. SE of Patsburg
(UF 231943); Patsaliga Creek, 7.6 mi. NNW of Dozier (UF 231944); Little ga Creek at AL Hwy 10,
3.5 mi. W of Rutledge (UF 41071, UF 241072); Little Patsiliga Creek, 1.5 mi. W of Rutledge (UF
70490, UF 268734, UF 280682, UF 280701, UF 291580, UF 291581); Patsaliga Creek at AL Hwy
106, 11.8 mi. W of Brantley (UF 241075); Patsiliga River at AL Hwy 77, 8.6 mi. SSW of Rutledge
(UF 270487); small creek on W side of Patsiliga Creek, ca. 3 mi. S of Rutledge (UF 270489, UF
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280700); west branch of Patsaliga Creek, at AL Hwy 106, 23.7 mi. W of Brantley (UF 241073, UF
241074).

Conservation status. Elimia annae is a common species throughout its range,
and no adverse ecological changes appear to be taking place. No protective
measures are recommended.

Habitat. This species is found in small rivers and streams with a gentle cur-
rent, and a sand or gravel substrate. At the type locality specimens were gener-
ally distribute on the bottom of the stream, but were not found on tree rootlets of
on submerged dead logs.

Remarks . Elimia annae bears no close relationship to any other species of
the genus that we have examined. It is isolated genetically as far as we have
determined, although it has distant affinities to E. (lava and other species from
the Alabama River system. Elimiaflava is discussed below.

This very large and elegant appearing snail cannot be confused with any other
in the genus. Specimens received from the Alabama Museum of Natural His-
tory collected in 1910 by Herbert Smith were identified by Smith as a new spe-
cies but were never described. Clench & Turner (1956) misidentified this spe-
cies as Elimia curvicostata. They had very little material from the Escambia
River system, and virtually any snail with ribs or plica from the Escambia River
east to the Flint River they attributed to E. curvicostata. The juvenile shell mor-
phology of E. annae is very different from that of E. curvicostata. In E. annae
the juvenile whorls are flat with a peripheral carina located just above the suture,
and they lack costate sculpture, in contrast to E. curvicostata, which has inflated
juvenile whorls with a peripheral carina located in the middle of the whorl and
the canna is nodose where it intersects distinct axial ribs. The adult shell of E.
annae is smooth and glossy with weak plicae confined to the upper whorls of the
spire, whereas E. curvicostata has bold synchronized ribs throughout the spire.

Etymology. In An identification manual for the freshwater snails of Florida,
Thompson (2000a, p. 23-24) called this the "Escambia Elimia." The illustration
was inadvertently switched with another species. We propose that henceforth it
be known as the Rainbow Elimia because of its banded color pattern, its limited
distribution and the fact that there are additional species in the Escambia River
system. We name this species for a Pembroke Welsh Corgi named Anne (1984-
1995), which accompanied the first author on field trips to the Escambia River
system.

The Elimia exusta species-group

The following species is isolated within the genus Elimia. Its juvenile shell
differs by having a weak peripheral keel that becomes a rounded fold lying above
the suture on the fourth or fifth whorl, and by having weakly differentiated riblets
that extend from the upper suture to the peripheral fold. This species is confined
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to Burnt Corn Creek, a tributary of the Escambia River system in southern Ala-
bama.

Elimia exusta new species
Vernacular name: Fire Elimia

Goniobasis mutabilis Lea 1862, in part, Goodrich, 1942, Occasional Papers of the Museum
ofZoology, University of Michigan, (456), p. 5.

Goniobasis curvicostata (Reeve 1861), in part, Clench & Turner, 1956, Bulletin of the Florida
State Museum, 1, pp. 136-138.

Elimia curvicostata (Reeve 1831), in part, Thompson, 1984, Freshwater snails of Florida,
pp. 26-27, fig. 49; Chambers, 1990, Walkerana, 4(12): 262-264.

Diagnosis . This is a moderately large-sized species that normally attains a
length of up to 23 mm. The spire is straight-sided and slender, diverging at an
angle of 20-33°. Juvenile shells have a single weak peripheral keel or fold lo-
cated just above the suture, and bear weak poorly discerned riblets located be-
tween the suture and the periphery. The adult spire has irregular, poorly devel-
oped and unsynchronized plicate ribs that generally are confined to the upper
whorls. The adult shell retains 5-6 whorls. Outer lip of peristome strongly
receded at the periphery. Baso-columellar lip canaliculate.

Shell (Figs. 114-121, 122-124, 129-132). The shell is moderately large, nor-
mally attaining a standard length of up to 23 mm. It is moderately slender, being
0.42-0.46 times as wide as long. The spire is straight-sided and diverges at an
angle of about 20-33°. The periostracum is variable in color, but generally is
uniformly light green or with 1-4 reddish spiral bands on a light green back-
ground. The juvenile shell is conical, diverging at 40-50°, and consists of weakly
scalariform whorls that bear a single weak peripheral keel. By the fourth or fifth
whorl, the keel becomes a rounded fold and then a peripheral bulge lying just
above the suture. The first whorl or so is smooth. Beginning on the third or
fourth whorl, the shell is sculpted with weakly differentiated riblets that extend
from the upper suture to the peripheral fold (Figs. 129-132). The adult shell has
poorly differentiated plicate ribs that are irregularly spaced and are not synchro-
nized (Figs. 114-121). These usually are confined to the upper whorls. The
periostracum is smooth and shiny with fine incremental growth-striations on
and between the ribs. The suture is moderately impressed. Usually 5.1-6.0
whorls remain below the apical plug. The upper whorls have a weak peripheral
bulge continuing from the condition of the juvenile shell, but the last whorl or
two tends to be rotund. The aperture is ovate-elliptical in shape with a con-
spicuously canaliculate baso-columellar lip. It is 0.55-0.66 times as wide as
high. The aperture is about 0.39-0.46 times the length of last four whorls and is
about 0.64-0.69 times the length of the last whorl. The columellar margin of the
peristome is narrow, nearly straight and nearly vertical. The outer lip is strongly
recurved at the periphery when viewed in lateral profile (Fig. 115). Measure-
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ments are given in Table 11.
No significant population variation is apparent other than with color. Popula-

tion samples from the lower part of Burnt Corn Creek tend to be uniformly
yellowish-green (Figs. 114-121), whereas specimens from up-stream localities
usually are banded (Figs. 122-124). A specimen-sample from 1.3 mi. west of
Appleton (UF 292176) contains a few unusually large gerontic adults that are up
to 30 mm in length. They are typical in all other respect (Table 11).

Operculum (Figs. 196-197). Ovate-elliptical in shape, consisting of about
2.5 rapidly expanding whorls. Nucleus located about 1/4 of the distance from
the base to the apex, and about 1/3 of the distance from the columella margin.
Outer surface with a few strong growth striations. Muscle attachment scar about
0.5 the width of the operculum and about 0.8 times the length; surface over the
nucleus slightly thickened and granular.

Type locality. Alabama, Escambia County, Burnt Corn Creek, 2.2 miles north-
west of Brewton. Holotype: UF 292165; collected 19 January, 2002 by Fred G.
Thompson. Paratypes: UF 292166 (200+), UF 292276 (5), UMMZ 300042 (10),
ANSP 410859 (10), USNM (10); same data as the holotype; UF 224276 (200+),
collected 5 November, 1993 by Elizabeth L. Mihalcik.

Distribution (Fig. 210). This species is known only from Burnt Corn Creek
in Conecuh and Escambia counties, Alabama.

Specimens examined . ALABAMA. Conecuh Co.: Burnt Corn Creek (UF 73593, UF
75252); unnamed tributary SW of Burnt Corn Creek on US Hwy 84 (UF 251481); branch of Burnt
Corn Creek, 2 mi. W of Belleville (UF 73581, UF 75307); Burnt Corn Creek at Co. Rd. 6, 1.6 mi. E
of Lenox (UF 297733); Burnt Corn Creek, 2.3 mi. W of Belleville (UF 260023, UF 292178); Burnt
Corn Creek at Janes Mill Rd., ca. 4 mi. NW of Appleton, 31°16.3' N, 87°10.l'W (UF 292177).
Escambia Co.: Burnt Corn Creek, 0.5 mi. SW of Brewton at US Hwy 31 (UF 292169); Burnt Corn
Creek, 2.2 mi. NW of Brewton on Ala. Hwy 41 (UF 224276); Burnt Corn Creek, at Co. Rd. 77, ca.
9 mi. N of Brewton (UF 292175); Burnt Com Creek, at Co. Rd 40, 1.3 mi. W of Appleton (UF
292176).

Conservation status. No protective measures are needed for this species. It
exists in healthy populations throughout its known range.

Habitat. Burnt Corn Creek is a clear low-gradient shallow stream that flows
over a sand and gravel bottom alternating between pools and gentle riffles. Elimia
exusta is found primarily in quiet shallow backwaters with little or no current on
silt or fine sand substrates. Our data indicate that this species is a late summer-
fall breeder. Specimen samples collected in October and November consist mostly
of juveniles or sub-adults.

Remarks. Attempts to obtain a mtDNA sequence for this species have been
unsuccessful. The morphology of the juvenile shell is unique compared to that
of any other species we have examined. A second unusual morphological fea-
ture is the large number of functional whorls retained by adults, five to six. Many
other species retain up to five live whorls, but seldom do they have more than five.

Elimia exusta is similar to E. buffyae in shell shape. The adult shell differs
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from E. buffyae by having more rugosely plicate ribs on the upper spire, by the
more produced tongue-like canaliculate extension of the basal lip of the aperture
and by its more deeply impressed suture. The operculum of E. exusta is less
rugose, and the nucleus is located closer to the base and not as near the columel-
lar margin.

Four species of Elimia occur within the Escambia River system. Elimia exusta
is endemic to Burnt Corn Creek. Elimia annae is confined to Patsaliga Creek
and nearby tributaries. A small, slender, smooth species of Elimia occurs in
small spring-fed creeks draining into the Sepulga River near Brooklyn, Escambia
County. It is left undescribed because it has no close relationship to E.
curvicostata, nor has it been referred to that species in the literature. A fourth
species of Elimia is rather widely distributed in the Escambia River and the
Sepulga River, and in the lower part of tributary streams. It is also omitted from
this study for the same reasons.

Etymology. The name exusta is derived from the Latin exustus, meaning
burned out, and alludes to the name of the type locality, Burnt Corn Creek.

Other species of Elimia

Elimia (lava (Lea 1862)
Vernacular name: Yellow Elimia

Goniobasis flava Lea 1862, Proceedings of the Academy of Natural Sciences of Philadel-
phia, 14, p. 264; Lea, 1863, Journal of the Academy of Natural Sciences of Philadelphia,
5, p. 303, pl. 37, fig. 139.

Elimia (lava (Lea 1862), Burch & Tottenham, 1980, Walkerana, 1(3), p. 136, fig. 372;
Burch, 1989, North American Freshwater snails, p. 136, fig. 372; Thompson, 2000b,
Walkerana, 11(25), p. 19, figs. 31-34.

Elimiaflava is included in this study for comparisons to other species. Typi-
cally, Elimia flava is a large-river species found primarily in the lower and middle
sections of the Tallapoosa River, although it enters some tributaries and headwa-
ter streams for a short distance. It has a robust shell that usually reaches a length
of 17-18 mm (Thompson, 2000: 18; figs. 33, 34). The growth rate indicates that
about 10 whorls are formed, of which 2-3 usually remain in adult shells, an
unusually small number of whorls for a species of Elimia. Usually the shell has
two bold rust-colored spiral bands on a light yellow background. Occasional
specimens lack bands. The juvenile shell is broadly conical with a pronounced
spiral ridge at the periphery (Figs. 153-154). The suture usually lies on top of
the ridge, which causes the spire to be perfectly conical, or the suture may insert
immediately beneath the ridge causing the spire to be weakly scalariform. The
juvenile shell may bear two peripheral bands, one along the suture (periphery)
and one just below the sutures. An additional band may circumscribe the base
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near the umbilical region.
Elimia flava is the only species of Elimia recognized currently from the

Tallapoosa River system (Goodrich, 1941; Burch, 1989). Our data indicate that
there are two or more species of Elimia in the Tallapoosa River. We sequenced
mtDNA from samples from Chewacla Creek, at the Lee County Rd. 159 bridge,
Lee County, Alabama (UF 288997), FLA-1 (Fig. 211), and from the Tallapoosa
River, 4.8 mi. N of Buchanan, Haralson County, Georgia (UF 291381), FLA-2
(Fig. 221). Genetic analysis indicates that the two populations are different spe-
cies. We are uncertain that either of these populations is E. flava. Specimens
from neither sample are typical morphologically of E. flava from the lower part
of the Tallapoosa River. Neither species has been confused in the literature with
E. curvicostata. Each is phylogentically related to different species groups within
the Elimia curvicostata species-complex. The species FLA-1 has affinities with
the Elimia boykinana species-group. The species FLA-2 is more closely allied
to the Elimia catenaria species-group.

GENETIC ANALYSIS

Methods. Thirty-six population samples were collected by hand and dip net for the purpose of
DNA analysis from the southeastern river drainages of the Escambia, Choctawhatchee, Apalachicola,
and the Altamaha river systems. Tissues were either stored frozen in a -80°C ultrafreezer or pre-
served in 90% ethanol. Samples of Elimia from the Alabama River system and the Savannah River
system were collected for comparisons. A dried specimen of Elimia c. catenaria collected by Will-
iam Clench at the type locality in the Santee River system was also sequenced. The sister outgroup
chosen for the phylogenetic analysis was Pachychilus obeliscus.

Isolations of total genomic DNA were performed by two different methodologies. The first method
used the phenol-chloroform methodology (Hillis & Moritz 1990) that was modified by Mihalcik
(1998). The second method used the Qiagen DNeasy Tissue Kit. All samples were examined for
isolated DNA using an agarose gel (I g agar with 100 ml of TBE containing 3 ul of ethidium bro-
mide). Gels were then visually inspected for template DNA using UV light.

A 385 base-pair segment of cytochrome oxidase subunit I of the mitochondria was amplified
using the polymerase chain reaction (PCR) (Mullis & Faloona, 1987). Modified versions of the
primers developed by Folmer et al. (1994) were used for amplying the DNA sequence. Primers
developed for this study were C05 (5'-GGTCAACAAATCATAAAGATATTGG-3') and C06 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3'). Samples were run for 36 cycles in a thermocycler
at 50°C for annealing, 72°C for extension, and 94°C for denaturing. Negative controls for establish-
ing the purity of the PCR products were run with each set of samples. A mass ladder was used as a
size standard. Fragments of DNA were visualized using ethidium bromide staining. The gels were
run at 115 V for approximately 30 minutes.

Polymerase chain reaction results from earlier sequences were purified with an agarose gel
(Mihalcik, 1998). Latter methods of purification for the PCR products include the 30,000 MW
Millipore filters and the Qiagen QlAquick PCR Purification Kits.

Sequencing reactions of the PCR products were conducted at the DNA Sequencing Core of the
University of Florida. An automated sequencer (Applied Biosystems models 373A and 377) was
used to sequence double-stranded DNA with the same primers as used with the initial PCR. A
modified Sanger Method was used for the DNA Sequencing (Sanger et al., 1977).

DNA sequences were aligned with Sequencher software, version 3.0 (Gene Code Corporation).
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Genetic distances between sequences were determined with the Kimura 2-parameter model of PAUP
version 4.08a (Kimura, 1980). The number of bootstrap replicates were 100 to support the nodes at
the parsimony tree. Dendrograms were generated using the branch and bound and neighbor-joining
method algorithm of PAUP (Swofford, 2000). The phylogenetic tree was rooted with the sister taxa
Pachychilus obeliscus as the outgroup.

Blast searches were done with several of the samples on GenBank to insure that the sequences we
were reviewing were the cytochrome oxidase subunit I gene . Also, multiple specimens were used to
determine sequence validity at the sites of Chipola River, Mile Spring, Rocky Creek, Snapping
Shoals, Little Uchee Creek, and Honduras. Mitochondrial DNA sequences found within this paper

were sent to GenBank.

Voucher specimens for DNA analysis . Voucher specimens for DNA sequence data
are deposited in the Florida Museum of Natural History. These are listed below with their respective
catalog numbers and data.
Elimia annae n.sp.: UF 280701; Alabama, Crenshaw Co., Patsiliga Creek, 1.5 mi. W of Rutledge;

October 9, 1997; Fred G. Thompson. ANN-1.
Elimia boykiniana (Lea 1840): UF 279838; Alabama, Russell Co., Phenix City, Chattahoochee River,

below dam; collected September 4, 2000, by Fred G Thompson. BOY-1.
Elimia buffyae n.sp.: UF 251669; Alabama, Geneva Co., Choctawhatchee River, 0.5 mi. E of Geneva;

September 4, 1995; Fred G. Thompson. BUF-1.
Elimia buffyae n.sp. UF 281535; Florida, Walton Co., Limestone Creek, 3 mi. north of Darlington;

November 26, 2000; Fred G. Thompson. BUF-4.
Elimia catenaria catenaria (Say 1822): UF 73909; South Carolina, Burke Co., Eutaw Springs; 1931,

Clench. CAT-1.
Elimia curvicostata (Reeve 1861): UF 271226; Florida, ,Jackson Co., Chipola R. at CR 167, Florida

Caverns State Park, June 6, 1996; Paul Mohler. CUR-1.
Elimia curvicostata (Reeve 1861): UF 270503; Florida, Jackson Co., Blue Springs, Merritts Mill

Pond; ca. 3 mi. NE of Marriana; September 11, 1997; Fred G. Thompson. CUR-2.
Elimia curvicostata (Reeve 1861): UF 251655; Georgia, Crisp Co., Swift Creek, ca. 4 mi. E of

Warwick; August 26, 1995; Elizabeth L. Mihalcik and Fred G. Thompson. CUR-3.
Elimia curvicostata (Reeve 1861): UF 281400; Florida, Jackson Co., Chipola River 1.4 mi. N of

Marianna, on Fla. Hwy 167; October 22, 2000; Elizabeth L. Mihalcik. CUR-4.
Elimia curvicostata (Reeve 1861): UF 251634; Florida, Gadsden Co., Mosquito Creek, 1 mi. E of

Chattahoochee; June 18, 1995; Elizabeth L. Mihalcik. CUR-5.
Elimia curvicostata (Reeve 1861): UF 290555; Florida, Holmes Co., Ponce de Leon State Park,

Ponce de Leon Springs; November 4, 2001; Fred G. Thompson, FGT 6121. CUR-6.
Elimia darwini n.sp.: UF 41451; Georgia, Laurens Co., Rocky Creek 6.7 mi. SW, 2.9 mi. NW of

Dudley at Laurens Co. Rd. 338 (32°28.5'N, 83°02.4' W); October 11, 1996; Elizabeth L. Mihalcik
and Fred G. Thompson. DAR-1.

Elimia "flava" (Lea 1862): UF 288997; Alabama, Lee Co., Chewacla Creek, at Lee Co. Rd. 159
bridge crossing (Tallapoosa Drainage); May 3, 2001; Kristin Lenertz. FLA-1.

Elimia (lava" (Lea 1862): UF 291381; Georgia, Haralson Co., Tallapoosa River, 4.8 mi. N of
Buchanan, at US Hwy 27; November 25, 2001; Fred G. Thompson. FLA-2.

Elimia glarea n. sp.: UF 281529; Alabama, Barbour Co., Blue Springs State Park, Blue Springs;
November 26, 2000; Fred G. Thompson. GLA-1.

Elimia induta (Lea 1862): UF 251651; Georgia, Dooly Co., Limestone Creek at McRay Rd, ca. 4
mi. S, 2 mi. E of Drayton (32°02'00"N, 83°54'33"W); 26 November, 1995; Elizabeth L. Mihalcik
and Fred G. Thompson. IND-1.

Elimia mutabilis (Lea 1862): UF 251667; Georgia, Newton Co., South River, Snapping Shoals;
August 24, 1995; Elizabeth L. Mihalcik and Fred G. Thompson. MUT-1.

Elimia olivula (Conrad 1834): UF 267737; Alabama, Monroe Co., Alabama River ca. 1.5 mi. down-
stream of US Hwy 84; February 10, 1991, M. Pierson and W. Holznagel. OLI-1.
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Elimia timida exul n .ssp.: UF 275841 (holotype); Georgia, Dooly Co., Mock Springs, 10.5 mi. WSW
of Hawkinsville (32°12.3' N, 83°35.0'W); October 12, 1966: Elizabeth L. Mihalcik and Fred G.
Thompson. TIM-1.

Elimia timida nymphaea n.ssp.: UF 263347 (holotype); Georgia, Pulaski Co., One-Mile Creek, 1.0
mi. SE ofHawkinsville (32°16.0'N, 83°27.7'W), September 11, 1996; Elizabeth L. Mihalcik and
Fred G. Thompson. TIM-2.

Elimia ucheensis (Lea 1862): UF 290208; Alabama, Russell Co., Uchee Creek, 7 mi. N of Seale;
collected October 20, 2001 by Fred G. Thompson . UCH-2.

Elimia viennaensis (Lea 1862): UF 251653; Georgia, Dooly Co., Limestone Creek at McRay Rd.,
ca. 4 mi. S, 2 mi. E of Drayton (28'37'1 8.7"N, 8V] 9'48. 1 "W); August 26, 1995; Fred G. Thomp-
son. VIE-1.

Elimia viennaensis (Lea 1862): UF 41459; Georgia, Crisp Co, Limestone Cr., Drayton Rd., 4.7 mi.
S, 1.1 mi. E of Drayton (32°01'08"N, 83°54'39"W); October 13, 1996; Elizabeth L. Mihalcik and
Fred G. Thompson. VIE-2.

Elimia viennaensis (Lea 1862): UF 290218; Georgia, Upson Co., Potato Creek, 3.4 mi. WSW of
Thomaston; collected October 25, 2001, by Fred G. Thompson. VIE-3.

Pachvchi/us obeliscus: UF 239528, Honduras, Dept. Santa Cruz de Yahoa, limestone peninsula on
NW shore of Lago de Yahoa (14°55.8'N, 88'02.1'W); FGT 5516, May 30, 1994, Fred G. Thomp-
son and J. Polisar. POB-1.

Results. Sequence alignment for the mitochondrial COI gene produced 385
base pairs. For the best consensus tree when all characters were weighted equally
and applying the bootstrap 50% majority rule, refer to Fig. 211. Parsimony
analysis of the data yielded 79 variable characters and 294 informative charac-
ters (Cl = 0.687, RI = 0.664, TL = 1061).

Interspecific variation between the taxa described in the Elimia curvicostata
complex range from 2-21%. Interspecific variation within the Elimia of the
southeastern drainages range from 2-62% sequence divergence because of E.
boykinnia from the Chattahoochee River.

Phylogeny. A detailed study of all growth stages of shell morphology and the
analysis of mtDNA differentiate 12 species that previous authors at one time or
another considered to be synonyms of a single species, Elimia curvicostata.
Additional species are described for comparative purposes. The phylogenetic
relationships of the species are very disparate within the genus. They do not
cluster as a tightly related Glade, but instead they form three very distinct clades
that have only remote relationships within Elimia.

Mitochondrial DNA analysis indicates that the species included in the Elimia
curvicostata species-complex consist of three major and three minor clades. The
first major Glade is composed of species identified as E. buffyae (BUF- 1, BUF-
4), E. inutabilis (MUT-1), E. ucheensis (UCH-1), and E. olivula (OLI-1). This
Glade is partitioned from the rest of the tree by a high bootstrap value of 93.
Elimia buffyae is found in the upper Choctawhatchee River system, which drains
into the Gulf of Mexico. Elimia mutabilis occupies the upper Ocmulgee River
of the Altamaha River within the Atlantic coastal plain. Elimia ucheensis occu-
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TABLE 12. Distance matrix for mtDNA COI sequences. This table provides the distances
generated by kimura 2-parameter of PAUP that created the parsimony tree.

Kimura 2-parameter distance matrix

ANN-1 BOY-1 BUF-l BUF-4 CAT-1 CUR-2 CUR-3 CUR-4
ANN-1 -
BOY-I 0.58242 -
BUF-I 0.20875 0.57525 -
BUF-4 0.21741 0.57048 0.01072 -
CAT-1 0.17980 0.62875 0.13086 0.13834 -
CUR-2 0.17649 0.56501 0.12384 0.13085 0.14179 -
CUR-3 0.20763 0.57159 0.14231 0.14620 0.15743 0.05828 -
CUR-4 0.18955 0.55685 0.12963 0.13648 0.14778 0.01069 0.06382 -
CUR-5 0.18596 0.57170 0.13895 0.14272 0.15743 0.02435 0.05219 0.02971
CUR-5E 0.18603 0.56045 0.13224 0.13599 0.15056 0.01890 0.04644 0.02422
CUR-6 0.18525 0.56992 0.12600 0.13303 0.14410 0.00805 0.05506 0.01334
DAR-1 0.19130 0.61190 0.12772 0.13521 0.02416 0.13206 0.14734 0.13792
FLA-1 0.21261 0.61036 0.11252 0.11960 0.10328 0.12618 0.14474 0.13192
GLA-1 0.20329 0.61520 0.13852 0.13630 0.14357 0.09123 0.08781 0.09687
IND-1 0.21758 0.59507 0.11838 0.11599 0.13996 0.09738 0.09708 0.10306
MUT-1 0.19397 0.58101 0.04111 0.04704 0.13090 0.11726 0.14914 0.12300
FLA-2 0.21950 0.63704 0.16418 0.17224 0.18333 0.16124 0.17403 0.16707
OLI-1 0.20096 0.57278 0.03253 0.03830 0.13733 0.11380 0.14900 0.11955
POB-1 *1.31239 *1.31239 *1.31239 *1.31239 *1.31239 *1.31239 *1.31239 *1.31239
TIM-1 0.20665 0.61349 0.11226 0.10983 0.13698 0.08200 0.07598 0.08760
TIM-2 0.20238 0.61123 0.11538 0.11297 0.14018 0.07873 0.07272 0.08435
UCH-2 0.19362 0.58463 0.04104 0.04695 0.12417 0.11716 0.14900 0.12284
VIE-1 0.19138 0.65365 0.13430 0.14170 0.04653 0.14250 0.16827 0.14844
VIE-2 0.19200 0.65620 0.13474 0.14217 0.04671 0.14297 0.16881 0.14892
VIE-3 0.16998 0.63357 0.12125 0.12852 0.02963 0.13245 0.15774 0.13836

Kimura 2-parameter distance matrix (continued)

CUR-5 CUR-5E CUR-6 DAR-1 FLA-1 GLA-1 IND-1 MUT-1
CUR-5 -
CUR-5E 0.00529 -
CUR-6 0.02145 0.01602 -
DAR-1 0.14734 0.14062 0.13416 -
FLA-1 0.14136 0.13466 0.12826 0.09711 -
GLA-1 0.09680 0.09060 0.09372 0.14033 0.14104 -
IND-1 0.10297 0.09668 0.09989 0.13387 0.14414 0.04110 -
MUT-1 0.13215 0.12552 0.11937 0.12774 0.10618 0.14566 0.14497 -
FLA-2 0.17054 0.16704 0.16295 0.17985 0.16734 0.17125 0.16398 0.16456
OLI-I 0.12535 0.12535 0.11603 0.13406 0.11241 0.13206 0.13144 0.04405
POB-1 *1.31239 * 1.31239 *1.31239 * 1.31239 *1.31239 *1.31239 *1.31239 * 1.31239
TIM-1 0.08496 0.07876 0.08444 0.12681 0.12821 0.02703 0.02995 0.11907
TIM-2 0.08157 0.07551 0.08116 0.13019 0.13123 0.02424 0.02707 0.12205
UCH-2 0.13200 0.12535 0.11923 0.11779 0.10288 0.14219 0.14491 0.01605
VIE-1 0.15146 0.15146 0.14494 0.06127 0.10303 0.15675 0.14642 0.13438
VIE-2 0.15193 0.15195 0.14540 0.06149 0.10338 0.15717 0.14678 0.13483
VIE-3 0.14802 0.14122 0.13483 0.04378 0.09055 0.14662 0.13645 0.12129
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TABLE 12 ( continued).

Kimura 2 -parameter distance matrix (continued)

FLA-2 OLI-I POB-l TIM-1 TIM-2 UCH-2 VIE-I VIE-2
FLA-2 -
OLI-1 0.14697 -
POB-I *1.31239 * 1.31239 -
TIM-1 0.16406 0.11259 *1.31239
TIM-2 0.16378 0.11550 * 1.31239 0.00263 -
UCH-2 0.16407 0.04687 * 1.31239 0.11901 0 .121 97 -
VIE- I 0.18687 0.13425 * 1.31239 0.13727 0.14021 0. 12438 -
VIE-2 0.18739 0.13467 * 1.31239 0.13763 0.14060 0. 12477 0.00000 -
VIE-3 0.18318 0.12765 * 1.31239 0.12717 0.13022 0. 11152 0.01604 0.01613
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pies a small creek system of the middle Chattahoochee River system, a tributary
of the Apalachicola River. Elimia olivula is found in the Alabama River.

The second major cluster consists of the taxa identified as Elimia darwini
(DAR-1), E. catenaria catenaria (CAT-1), and Elimia viennaensis (VIE-1). This
cluster is separated from the others by a bootstrap value of 93. Elimia viennaensis
occurs in the upper Flint River system and E. darwinae is found in a tributary of
the Oconee River of the Altamaha River drainage system. Elimia c. catenaria,
which is included for comparative purposes, is from the Santee River system in
South Carolina. The sister species to this group, identified as Elimia `flava"
(FLA-2), apparently is an undescribed species from the upper Tallapoosa River
in west Georgia.

The third major Glade, which contains the taxon identified as Elimia

curvicostata (CUR-1 - CUR-6), is separated by a bootstrap value of 71. This
"Glade" occupies the lower Choctawhatchee, Econfina, Chipola, and Apalachicola
river systems and smaller tributaries of the lower Flint River system. Sequence
divergence within this Glade ranges from < 1% to 6%. The population identified
as CUR-3 (< 6%) from Swift Creek of the lower Flint River system remains
unresolved taxonomically. It is hardly differentiated morphologically from typical
E. curvicostata even though it is strongly differentiated genetically. The sample
labeled CUR-3 within the phylogenetic tree would bear the name Elimia
doolyensis (Lea 1862) if it is removed from E. curvicostata as a separate spe-
cies. We refrain from following this action at the present time, because we have
not identified a discreet set of morphological characteristics by which it can be
differentiated.

A sister Glade to Elimia curvicostata includes the taxa identified as E. timida
nymphaea (TIM-1), E. timida exul (TIM-2), E. glarea (GLA-1), and E. induta
(IND-1). Elimia timida nymphaea and E. timida exul are found in small stream
tributaries of the middle Ocmulgee River of the Altamaha River system. Elimia
glarea inhabits the upper Choctawhatchee drainage system. Elimia induta oc-
curs sympatrically with E. curvicostata in the middle Flint River.

Elimia annae from the Escambia River system in southern Alabama is the
sister to all of the aforementioned species. Elimia boykiniana from the
Chattahoochee River in west Georgia is sister to E. annae and all of the afore-
mentioned species. Elimia `flava" (FLA-1) from Chewacla Creek, Tallapoosa
River system in eastern Alabama, is sister to E. boykiniana and all of the afore-
mentioned species.

An over-view of the phylogeny of Elimia is unavailable, because of the large
number of species that remain understudied. The number of valid species can-
not be estimated at present, but certainly it is far greater than the number that is
recognized now. Currently 135 species and subspecies are recognized in the
literature, but this number is an under measure of species diversity within the
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genus (Thompson, 2000b; and this study). Burch (1989), following Goodrich
(1920-1950) and Clench & Turner (1956), lists 111 species and subspecies from
approximately 450 previously described species. Goodrich regarded about half
of the remaining names as synonyms of the species he recognized. Goodrich
omitted nearly 100 names from further mention, and their taxonomic status re-
mains uncertain (e.g., Goniobasis gabbiana Lea 1862). Some of the names that
were placed by previous authors in synonymy represent valid species (e.g., E.
induta). Also, intense field surveys of individual streams reveal additional
undescribed species (Thompson, 2000b; and this study). Thus, a comprehen-
sive phylogeny of Elimia is not possible at present because of the many poorly
known or unknown species that are involved.

The phylogeographic distribution pattern within the region indicate that the
Elimia from the coastal plains of South Carolina, Georgia, Florida and Alabama
are derived primarily from the fauna associated with the Alabama River system.
A single species from the Chattahoochee River included in this study, Elimia
boykiniana, has unresolved affinities within the genus.
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FIGS. 1-3. Elimia curvicostata (Reeve 1861), Florida, Jackson Co., Blue Hole Springs,
5.6 mi. north of Marianna (UF 291489). FIG. 1. Measurements for length of last four
whorls (4Wh) and length of last whorl (LWh). FIGS. 2, 3. A specimen before and after the
dead whorls were removed above the apical plug.

©Society for Experimental and Descriptive Malacology, 2003



Elimia curvicostata and relatedspecies 73

8 ,. 9

FIGS. 4-9. Elimia curvicostata (Reeve 1861). Drawings showing early whorl devel-
opment. FIG. 4. Mature specimen (UF 231202). FIGS. 5-6. Lectotype of Goniobasis
doolyensis Lea 1862 (USNM 119121). FIG. 7. Juvenile of Elimia curvicostata (Reeve
1861), Florida, Jackson Co., Chipola River, 1.4 mi. N Marianna (UF 231192). FIG. 8.
Juvenile of Elimia curvicosta (Reeve 1861), Florida, Jackson Co., Baker Creek (UF
230664). FIG. 9. Immature Paralectotype of Goniobasis doolyensis Lea 1862 (USNM
873108). Left scale bar is for Figs. 4, 5; right scale bar is for Figs. 6-9.
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FIGS. 10-15. Elimia curvicostata (Reeve 1861), Florida, Jackson Co., Blue Hole Spring,
5.6 mi. N of Marianna . FIGS. 10, 11. UF 292208. FIGS. 12-I5. UF 219489.
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FIGS. 16-20. Elimia curvicostata (Reeve 1861 ). FIGS. 16- 18. Georgia , Dooly Co., Lime-
stone Creek at McCay Rd., 0.8 mi . NW of Drayton Rd. (UF 291482). FIGS. 19-20. Lecto-
type of Goniobasis doolvensis Lea 1862 (USNM 119121).



76 Mihalcik and Thompson

FIGS. 21-28. Elimia curvicostata (Reeve 1861). FIGS. 21-24. Georgia, Early Co.,
Sawhatchee Creek, at GA Hwy 273, 0.5 mi. W of Cedar Springs (UF 291486). FIGS. 25-28.
Florida, Gadsden Co., Mosquito Creek, 1.0 mi. E of Chattahoochee (UF 291482).
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FIGS. 29-33. Species of Elimia. FIGS. 29, 30. Goniobais induta Lea 1862 (= Elimia
induta), FIG. 29. Lectotype (USNM 119174). FIG. 30. Paralectotype (USNM 873111).
FIG. 31. Elimia induta, Georgia, Dooly Co, Limestone Creek, at McCay Rd., ca. 4 mi. S,
2 mi. E of Drayton (UF 251651). FIG. 32. Elimia timida exul new subspecies , Paratype
(UF 266283). FIG. 33. Elimia timida nymphaea new subspecies , Paratype (UF 263349).
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FIGS. 34-39. Elimia induta (Lea 1862), Georgia, Dooly Co., Limestone Creek at McCay
Rd., ca. 4 mi. S, 2 mi. E of Drayton (UF 251651).
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FIGS. 40-43. Elimia induta (Lea 1862), Georgia , Lee Co., small creek, 7 mi. NW of
Albany (UF 79765).
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FIGS. 44-47. Subspecies of Elimia timida (Goodrich 1942). FIGS. 44, 45. Elimia
timida timida (Goodrich 1942). FIG. 44. Lectotype (UMMZ 49210). FIG. 45.
Paralectotype (UMMZ 49211). FIG. 46. Elimia timida exul new subspecies , Holotype
(UF 275841). FIG. 47. Elimia timida nymphaea new subspecies , Holotype (UF 263347).
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FIGS. 48-51. Elimia timida timida (Goodrich 1942). FIG. 48. Lectotype (UMMZ 49210).
FIGS. 49-51. UMMZ (49211).
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FIGS. 52-59. Subspecies ofElimia timida (Goodrich 1942). FIGS. 52-55. Elimia timida
exul new subspecies , Paratypes (UF 275839). FIGS. 56- 59. Elimia timida nymphaea new
subspecies , Paratypes (UF 276084).
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FIGS. 60-66. Species of Elimia. FIG. 60. Elimia darwini new species , Holotype
(UF 41450). FIG. 61. Elimia darwini new species , Paratype (UF 274097). FIG. 62.
Goniobasis mutabilis Lea 1862, Lectotype (USNM 118443) (= Elimia mutabilis). FIGS.
63-64. Goniobasis mutabilis (Lea 1862), Paralectotypes (USNM 118443) (= Elimia
mutabilis). FIGS. 65-66. Elimia mutabilis (Lea 1862), Georgia, Newton Co, South
River, Snapping Shoals (UF 251667). Upper scale bar is for Figs. 60-62; lower scale bar
is for Figs. 63-66.

83
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FIGS. 67-72. Elimia mutabilis (Lea 1862), Georgia , Butts Co., South River, Snapping
Shoals (UF 251609).
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FIGS. 73-78. Elimia darwini new species . FIG. 73. Holotype (UF 41450). FIGS. 74-78.
Paratypes (UF 274097).
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FIGS. 79-85. Species of Elimia. FIGS. 79-80. Elimia annae new species , Paratypes
(UF 270490). FIGS. 81-85 . Elimia buffyae new species . FIG. 81. Paratype (UF 270485).
FIG. 82. Alabama, Geneva Co., Pea River, 2.8 mi upstream of confluence with
Choctawhatchee River (UF 270826). FIGS. 83-85. Choctawhatchee River, ca. 2 mi. NE
of Geneva (UF 258437).
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FIGS. 86- 91. Elimia annae new species . FIG. 86. Holotype (UF 291581). FIGS. 87-91.
Paratypes (UF 291580).
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FIGS. 92-97. Elimia buffyae new species . FIG. 92. Holotype (UF 268735). FIGS. 93-
97. Paratypes (UF 291575).
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FIGS. 98- 105. Elimia buffyae new species . FIGS. 98-101. Florida, Okaloosa Co., Yel-
low River, 4 mi. S ofAla. Hwy 4 (UF 291575). FIGS. 102-105. Florida, Walton Co., Lime-
stone Creek, N of Darlington (UF 291577).
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FIGS. 106-113. Species of Elimia from Beckton Springs, 2 mi. NE of Vernon, Washington
Co., Florida. FIGS. 106- 109. Elimia buffyae new species (UF 291590). FIGS. 110-113.
Elimia curvicostata (Reeve 1861) (UF 291589).
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FIGS. 114-121. Etiinia exusta new species . FIGS. 114-115. Holotype (UF 292165).
FIGS. 116-121. Paratypes (UF 292276).
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FIGS. 122- 124. Elimia exusta new species , Alabama, Escambia Co., Burnt Corn
Creek, at Co. Rd. 40, 1.3 mi. W of Appleton (UF 292277).
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FIGS. 125-132. Species of Elimia. FIG. 125. Goniobasis viennaensis Lea 1862, Lectotype
(USNM 118743) (=Elimia viennaensis). FIGS. 126-127. Elimia viennaensis (Lea 1862), Georgia,
Crisp Co., Gum Creek, 6.5 mi. W of Cordele (UF 279009). FIG. 128. Elimia viennaensis (Lea
1862), Georgia, Dooly Co., Limestone Creek, at McCay Rd., ca. 4 mi. S, 2 mi. E of Drayton (UF
266250). FIGS. 129-132. Elimia exusta new species , Paratypes (UF 224276).
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FIGS. 133- 138. Elimia viennaensis (Lea 1862), Georgia, Dooly Co., Little Pennahatchee
Creek, 3.5 mi. NW of Vienna (UF 230728).
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FIGS. 139-144. Elimia viennaensis (Lea 1862). FIGS. 139-141. Georgia, Upson Co., Potato
Creek, 2.3 mi. WNW of Thomaston (UF 231869). FIGS. 142-144. Georgia, Meriweather Co.,
Flint River, Flat Shoals, 3.5 mi. SE of Gay (UF 289524).
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FIGS. 145-150. Species ofElimia. FIGS. 145-147. Elimia alhanyensis (Lea 1862), Geor-
gia, Dougherty Co., Flint River, Albany (UF 289696). FIGS. 148-150. Elimia boykiniana
(Lea 1862), Alabama, Russell Co., Phenix City, Chattahoochee River, below dam (UF 289697).
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FIGS. 151-158. Species of Elimia. FIG. 151. Elimia albmryensis (Lea 1862), Geor-
gia, Lee Co., Flint River ca. 10 mi. SSW of Warwick at Hwy 32 (UF 278975). FIG. 152.
Elimia boykiniana (Lea 1862), Paralectotype (USNM 873106). FIGS. 153-154. Elimia
flava (Lea 1862), Alabama, Tallapoosa Co., Tallapoosa River, 7.7 mi. SSW of Daviston
(UT 230679). FIG. 155. Goniobasis inosculata Lea, 1862 Lectotype (USNM 119177)
(= Elimia ucheensis). FIG. 156. Goniobasis ucheensis Lea 1862, Holotype (USNM
119259) (= Elimia ucheensis). FIGS. 157-158. Elimia ucheensis (Lea 1862), Alabama,
Russell Co., Little Uchee Creek, 8.0 mi. NE of Seale (UF 279856).
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FIGS. 159-166. Elimia ucheensis (Lea 1862). FIGS. 159-164. Alabama, Russell Co., Little
Uchee Creek, 8.0 mi. NE of Seale (UF 279856). FIG. 165. Goniobasis elliotti Lea 1862,
Lectotype (USNM 119122) (= Elimia ucheensis). FIG. 166. Goniobasis gesneri Lea 1868,
Holotype (USNM 119134) (= Elimia ucheensis).
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FIGS. 167-172. Elimia glarea new species , Alabama, Barbour County, Blue
Springs State Park, Blue Springs. FIG. 167. Holotype (UF 296260). FIG. 168.
Apex of holotype showing details of sculpture. FIGS. 169-172. Paratypes (UF
296259). Scale bar = 5 mm for Figs. 167, 169-172. Arrows indicate peripheral
cord; lines indicate supra-peripheral cord.
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176 178
FIGS. 173-178. Elimia opercula. FIGS. 173-174. Elimia mutabilis (Lea 1862) (UF

251668). FIGS. 175-176. Elmia darwini new species (UF 2740988). FIGS. 177-178.
Elimia curvicostata (Reeve 1861) (UF 293489). Scale bar = I mm.



Elimia curvicostata and related species

180 182 184

101

FIGS. 179-184. Elimia opercula. FIGS. 179-180 . Elimia timida nymphaea new
subspecies (UF 266247). FIGS. 181-182. Elimia timida exul new subspecies (UF
206283). FIGS. 183-184. Elimia induta (Lea 1862) (UF 284400). Scale bar= 1 mm.
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FIGS. 185-191. Elimia opercula and juvenile shells. FIGS. 185-186. Opercula of
Elinriaglarea new species (UF 296261). FIGS. 187-188. Opercula of Elimia ucheensis
(Lea 1862) (UF 279856). FIG. 189. Juvenile shell ofElimiaglarea new species. (UF
296261). FIGS. 190-191. Juvenile shells ofElimia olivula (Conrad 1834) (UF 290203).
Scale bar for opercula = I mm; scale bar for shells = 5 mm.
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FIGS. 192-197. Elimia opercula. FIGS. 192-193. Elimia annae new species (UF
270490). FIGS. 194-195. Elimia buffyae new species (UF 270485). FIGS. 196-197.
Elimia exusta new species (UF 73593). Scale bar = 1 mm.
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FIGS. 198-206. Elirnia opercula. FIGS. 198-199. Elimia viennoensis (Lea 1862) (UF
241054). FIGS. 200-201. Elimia olivula (Conrad 1834) (UF 75270). FIGS. 202-203.
Elimia glarea new species (UF 296261). FIGS. 204-206. Elimia pilsbryi (Goodrich
1927). Scale bar for Figs. 198-201, 204-205 = 1 mm.
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FIG. 207. Distribution of Elimia curvicostata (Reeve 1961).
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FIG. 208. Distributions of Elimia timida nymphaea new subspecies , Elimia timida
exul new subspecies , Elimia induta (Lea 1862) and Elimia glarea new species.
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FIG. 209. Distributions of Elimia mutabilis (Lea 1862), Elimia darwini new species,
Elimia viennaensis (Lea 1862) and Elimia ucheensis (Lea 1862).
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FIG. 210. Distributions of Elimia buffyae new species , Elimia annae new species
and Elimia exusta new species.

Walkerana , P. O. Box 2701 , Ann Arbor, Michigan 48106 , U.S.A.
©Society for Experimental and Descriptive Malacology, 2003


