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UTTERBACKIA PENINS ULARIS, A NEWLY RECOGNIZED
FRESHWATER MUSSEL (BIVALVIA: UNIONIDAE-
ANODONTINAE) FROM PENINSULAR FLORIDA, US.A.

Arthur E. Bogan!'?and Walter R. Hoeh?

ABSTRACT - An eastern Guif Slope freshwater mussel species, Utterbackia
peggyae (Johnson 1965), was found to contain a cryptic species, Utterbackia
peninsularis, nova Species, rendering a total of three currently recognized species
in this anedontine genus. Diagnosis of the new species was effected by compar-
isons of allozymes and stomach anatomy. The L. penisularis-1], Peggyac species pair

Keywords: biodiversity, Cryptic species, allozynes, stomach anatomy, southeast-
ern United States, biogeography, Unionidae, Witerbackia.

INTRODUCTION

It has been hypothesized that portions of Peninsular Florida have
been isolated from the southeastern United States mainland as a re-
sult of multiple marine incursions during the Late Cenozoic. These

used t¢ both support and discount the hypothesis that an isolated
Peninsular Florida was a significant factor in the genesis of the cur-
rent freshwater molluscan fauna of the area (e.g., see Dall, 1903;
Clench & Turner, 1956; Thompson, 1968; Johnson, 1972, 1973).
Litterbackia veggyae (Johnson 1965) (Bivalvia: Unionidae: Ano-
dontinae) is a freshwater mussel species that occurs in many of the
Eastern Gulf Slope drainages flowing through the Florida Panhan-

1F"reshwater Molluscan Research, 36 Venus Way, Sewell, New lersey 08030, U.S.A.
Author to whom correspondence should be sent.
Department of Biology, Dalhousie University, Halifax, Nova Scotia, B3H 4] 1, Canada.
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dle and northern Peninsular Florida region (e.g., see Johnson, 1965;
Heard, 1979; Butler, 1989). The type locality, located in the Florida
Panhandle region (sequens Butler, 1989), is the southeastern shore of
Lake Talquin (an impoundment of the Ochlockonee River), Leon
County, Florida (Johnson, 1965). However, phylogenetic analyses of
allozyme variation (Hoeh, 1991; Hoeh et al., 1995) suggest that the
populations of U. peggyae from the Peninsular Florida drainages
{herein inclusive of the drainages from the Suwannee River to the
Hillsborough River) form a monophyletic group distinct from
populations in the panhandle drainages. This inference is cor-
roborated by a preliminary analysis of mitochondrial DNA restric-
tion fragments (estimated sequence divergence of 12% between pan-
handle and peninsula populations; Hoeh, unpublished data). The
estimated average level of allozyme divergence (Nei's D, 1978;
based on 25 presumptive genetic loci) between panhandle and penin-
sular populations was 0.354 (Hoeh et al,, 1995). Furthermore, the
analyses suggest that the peninsular populations of U. peggyae are
more closely related to U. imbecillis (Say 1829) than to the pan-
handle populiations of U. peggyae. A subsequent examination of soft-
tissue anatomy supported the distinction of the peninsular drainage
populations from those of the panhandle drainages. In summary, the
allozymic, anatomical, and geographic cohesion evinced by the
populations of L. peggyae from the peninsular drainages is evidence
consistent with species-level recognition for these populations.

MATERIALS AND METHODS

Type materials of Utterbackin peninsularis are deposited in the following institutions:
University of Michigan Museum of Zoology (UMMZ), Florida Museum of Natural His-
tory {UF), Academy of Natural Sciences, Philadelphia (ANSP}, Carnegie Musewn of
Natural History (CMNH).

The specimens used herein for anatomical comparisons were chosen from among
those that had been previously analyzed for allozyme variation (Hoeh, 1991; Hoeh et al.,
1995} (see Table 1). Stomachs of twoe or more specimens from each locality were
examined whenever possible. In this way, evaluations of the degree of congruence
between the anatomical observations and those of the atlozyme analyses were
factlitated.

Soon after specimen collection, gil and mantle tissues were exdsed (from only one
stde of the animal, if possible, in order to maximize the utility of the specirnen for subse.
quent anatomical comparisons) and deaned of macroscopic parasites and debris, frozen
in liquid nifrogen, and subsequently stored at -70°C. The remainder of sach animal (i.e.,
shell, visceral mass, and remaining giii/mantle) was fixed in 10% sodium phosphate
buffered (pH 7.0) formalin, rinsed with multiple washes of tap water, and preserved in
70% ethanol. Giil tissues were homogenized with a glass pestle in conical-bottomed 1.5

ml microcentrifuge tubes, The gill tissues contained sufficient water to eliminate the .
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need for homogenization buffer. The resultant homogenate was centrifuged at 13,605 x

& for 10 mirutes at 4°C,

Horizonta] starch gel electrophoresis (12% starch gels; 51 8 Connaught starch in 435
ml of ge] buffer) was used to detect electromorphs at 25 Putative genetic Jocj using five
buffer systerns (see Hoeh, 1990, 1991),

Stomach floor observations were enabled by an anterior-d

orsal incision that apened,
mitially, the mouth /esophagus region and, subs

equently, the stomach proper. This
i ption of the stomach flacr.

TABLE 1, Locality information and abbreviationg

for electraphoretic specimens used
and number of specimens (Hoeh, 1391, p. 41).

1. ACH- Attapulgus Creek, at Florida Count

Y Route 159, Gadsden County,
Florida, (N = 16) [Utterbackig peggyne]

2. CSL . Chumuckla Springs Lake, Santa Rosa County, Florida N =15 11,
egeyae

3. ER?IJT gggsca]lmbia River, at pL, County Route 4, Escambia County, Florida (N =1)
[ pentinsidaris|

4. GCP - Gator Creek, at Florida County Route 471, Palk County, Florida N=14)
U pegoyae]

5. HCC - Holmes Creek, at US Route 90, Holmes County, Florida N =8
peggyae]

6. HRH —Hz'lfsborough River, at Florida County Route 579, Hﬂisborough
Florida (N = 13) [u. peninsularis)

7. HRP- Hilfsborough River, at Florida Route 39, Paseq County, Florida (N = 5)
i peninsularisi

8. LRG - Little River, at Flg

County,

rida Route 12, Gadsden County, Florida N=16y [,

9. LTc. Ochlockonee River, Lake Talquin, Coe's Landing, Leon County, Florida
(N = 15) Topotypes 11, peggyae)

10. NRB - New River, at Forida County Route 231, Bradford County, Florida (N =

1I. ORT- Ochlockonee River, at US Route 84, Thomas County,

Georgia (N = iy

[U. peggyae]

12. RcA - Rocky Creek, at 7L, County Route 235, Alachua County, Forida N =20)
(U, peninsudaris]

13, SHF —sink hole

, at Florida Caverns State Park, Jacksor County, Florida N=19
1
14. SR - canal off of the Suwannee River, at Dy}

15, YRC - Yellow River, at Us Route 90, Okaloosa Count ]
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SPECIES ACCOUNT

Utterbackia peninsularis Bogan & Hoeh, new species

Common name: peninsular floater
{Figs. 1; 3a)

Synonymy:  Anodonta imbecillis Say 1829
Clemch & Turner, 1956:187-189 (partim)

Anodonta peggyae johnson 1965
Johnson, 1965, pp. 1-7 (partim)
Johnson, 1970, pp. 272, 362, 364, 366 (partin)
Johnson, 1972, pp. 228-230, fig, 3B {partim)
Burch, 1973, pp. 17 {partim)
Burch, 1975, pp. 15 (partim}
Heard, 1979, pp. 28 {partim)
Kat, 1983, {partim)

Butler, 1989, pp. 244 (partim)

Diagnosis: This species is included in Utterbackis based on a phy-
logenetic analysis of allozyme data (Hoeh, 1991; Hoeh et al., 1995).
Species in the genus Utterbackia can be differentiated from those in
Pyganodon (a closely related genus in the subfamily Anodontinae) by
the position of the umbo in relation to the hinge line; in Utterbackia
the umbos are not raised above the hinge line as they are in
Pygancdon. Anodonta couperiana Lea 1840 and Anodonts sub-
orbiculata Say 1831 can be distinguished from Utterbackia based on
the raying patterns on the shell and degree of ventral sheil margin
curvature. The raying pattern in Utferbackia typically covers the
majority of the shell disc while rays are typically restricted to the
posterior half of the disc in A. couperiana and A. suborbiculata.
Within Utterbackia, U. imbecillis can be distinguished from U.
peggyae and U. peninsularis based on the shape of the ventral mar-
gin of the shell: typically, L. imbecillis has a relatively straight
ventral margin which is paralle! with the hinge line while those of
U. peggyae and U. peninsularis are somewhat rounded.

Utterbackia peninsularis can be distinguished from U. peggyae by
the presence of five diagnostic electromorphs at four genetic lock:
Aconitase Hydratase (ACOH1-b), Aspartate Aminotransferase
(AAT-b), Fumarate Hydratase (FUMH-d), Glucose-6-phosphate
Isomerase (GPI-b, GPI-e). Electromorph designations are those pre-
sented in Hoeh {1991) and Hoeh et al. (1995). U. peninsularis can
aiso be diagnosed from U. peggyse based on the shape of the right
lateral sorting area of the stomach: U. peninsularis has a narrow
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FG. 1. Photographs of representative shells of Ulerbackig
and Hoeh, new species, {For locality info

peninsularis Bogan
Tmation see Tabla 1). a, Holotype, left

valve, SR (B) 10-88, Iength: 55.8 muy; height, 32.2
Holotype, right valve. <, HRH (3) 6-88, length: 54,5
75.1 mun. e, NRB (1) 6-88, length: 50.8

moy; width: 22.0 mm, b,
mm. d, RCA (6) 6-88, length:
mm. f, GCP (2) 6-88, length: 58.3 mm.

oW sorting area which is extended
same area in [J, peggyae which is m
(Fig. 3a,b; Table 2).

Holotype: UMMZ 253583; Collectors: W.R. Hoeh and RS. Butler;
17 October 1988,

Paratypes: UMMZ 253584 (two s
Specimens); CMNH 47384 (

lateraily contrasting with the
arkedly expanded anteriorly

pecimens}: ANSP AIB104 (two
two specimens); UF 211099 (two speci-

TR e e
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TABLE 2. Diagrostic anatomical characters for Utierbackiz perisularis and UL

peggyac.

Characters Utterbackin peggyne Utterbackia peninsularis

1. General bedy color: usuaily orangish-brown usually yellowish-

cream coior
Characters of the stomach

2. Shape of major usually more elongate more or less evenly
typhiosole: te oval rounded

3. Shape of conical depression is elongate depression evenly
mouryd depressiors rounded

4 Mound onleftlateral  mound is obvious and mound is usually less
wall of stomach somewhat efongate like obvious and round-
(shape): the depression ed

5. Shapeofrightlateral  elongate anterio-poster- narrower anterio-
sorting area: iorly, narrow medio- postericrly, wider

lateraily medio-laterally

mens); authors collections; all specimens are from the type locality.
Collectors: W.R. Hoeh and R.S. Butler; 17 October 1988,

Type Locality: Unnamed canal adjacent to the Suwannee River at
Dilger's Campground, near intersection of U.S. Highway 19 and Su-
wannee River, southeast of Old Town, Dixie County, Florida.

Description

Shell (Fig. 1): The shell is elongate oval in outline and the maxi-
mum observed shell length is 76 mm, shell valves are moderately
inflated but thin, the anterior end of the shell is evenly rounded, the
posterior end of the shell is squared off to a rounded point, ventral
margin in some animals is straight like Utterbackia imbecillis but
varying to a broadly curved ventral margin, the shell dorsal margin
is straight like in U. peggyar {Fig. 2) and L. imbecillis, the posteri-
or ridge is round and not very distinct, the umbos are low, not extend-
ing above the hingeline, the beak sculpture is broad undulations
varying to double looped, the periostracum is smooth and shining,
becoming roughened on the posterior slope. The periostracum is
covered with fine green rays over the entire shell, with broad green
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rays on the posterior slope; some individuals have a greenish back-
ground with yellowish rays. Periostracum color varies from light
yellowish to green or brown. There is no hinge plate and the shell

lacks any indication of teeth or vestigial sweilings. Nacre color is
bluish-white to iridescent.

FIG. 2, Photographs of Fepresentative shells of !fHerbackia reggyae (Johnson
1965}, (For locality information see Tablo 1). a, YRC (8) 7-87, length: 708 mm. b,
LTC (1) 2-88, length: 66.2 mm. <, CSL (1) 7-87, length: 54.6 mm, d, SHF (6) 10-

{
88, length: 75.7 mm. e, HCC (6) 7-87, length: 86.6 mm. £ ORT (13) 10-88, length:
60.9 mm,

Stomach Anatomy: The stomach floor of the holotype is illus-
trated in Fig. 3a. The most striking feature of the stomach floor of
Utterbackin peninsularis is the shape of the right lateral
area (Fig. 3a). This rather narrow sorting area is extended |

sorting
aterally
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and is in marked contrast to the anterior extension of the same area in
U. peggyae (Fig. 3b; Table 2).

Allozyme Analysis: Allozymically distinct from Ufterbackia
peggyae (see above and Hoeh, 1991, table 4, pp. 44-46).

Habitat: Sand and/or muddy substrates in canals, creeks, and
rivers with slight to moderate current.

Distribution: Fig. 4. Northwestern portion of Peninsular Florida
from the lower Suwannee and Sante Fe rivers south to the Hills-
borough River, including the Withlacoochee River.

Etymology: The name is based on the Peninsular Florida distribu-
tion of the new species.

Comments: Kat's (1983, p. 368, fig..5) illustration of the stomach
anatomy of Anodonts peggyae is, in fact, an illustration of Utter-
backia peninsularis.

Discussion: The description of Utterbackia peninsularis prings to
three the total number of currently recognized species within the
genus Utterbackia (ie., U imbecillis, U peggyae and L. peninsu-
laris). However, this small number of recognized species is not likely
representative of the actual biodiversity extant within the genus.
An allozymically distinct entity, conchologically similar to LL imbe-
cillis, exists in multiple drainages of the Southern Atlantic Slope
(Hoeh, 1991; Hoeh et al., 1995). Furthermore, specimens of
Utterbackin that are conchologically similar to U. peggyae have
been recently noted by us from 1) near Alamo, Veracruz, Mexico
(UMMZ 248931) and 2) Drake’s Creek at Lookout Road, Vernon Par-
ish, Loutsiana (Vidrine, 1993). It is probable, given their geographi-
cally disjunct locations, that the latter two populations represent
genetically distinct taxa. This hypothesis should be evaluated.

The occurrence of closely related and parapatrically distributed
freshwater taxa (often abutting near the hypothesized Suwannee
Straits area of northen Peninsular Florida [Swift ef al., 1986]) in
eastern Gulf of Mexico drainages has been documented in fish
(Burgess & Franz, 1978: Bermingham & Avise, 1986; Gilbert, 1987;
Gilbert et al., 1992) salamanders (Moler & Kezer, 1993), pleurocerid
gastropods (Genus Elimia; our reinterpretation of data presented in
Chambers, 1980, 1982) and viviparid gastropods (Katoh & Foltz,
1994. The relative importance of historical marine incursions on the
evolution and present distribution of freshwater mollusks of this
region has been discussed by Dail (1903), Clench & Turner {1956, pp-
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RESA

RLSA

FIG. 3. Stomach Anatomy. a, Stomach anatomy of Utterbackia peninsuiaris
Bogan and Hoeh, New Species. SR (B) 10-88, Holotype UMMZ, canal off of
Suwannee River, Dixie County, Florida. b, Stomach anatomy of Ufterbackia
peggyae (Johnsen 1965). ORT (13} 10-88, Gechiockonee River, Thomas County,
Florida. Abbreviations: C-conical mound, F-fold, LD-{eft digestive diverticula,
MC-midgut, OES-oesophagus, P-pouch, RD-right digestive diverticula, RLSA.
right fateral sorting area, 55-styfe sack, T-major typhlosole, TM-minor typhiosole.
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FIG. 4. Distribution of the populations of Utterbackin peninsularis Bogan and
Hoeh, new species and Utterbackiz peggyas (Johnson 1965) used in these analyses.
The northern extension of the range of U. peggyae is based upon recent records
from J. Brim-Box and ].D. Williams, National Biological Survey, Gainesviile,
Florida.

104-108), Thompson (1968, pp. 14-16) and Johnson (1972, pp. 183, 185-
186). Impediments to a consensus on this issue can be attributed to 1)
the likely existence of multiple cryptic species of freshwater mol-
lusks in the region (as evinced by Utterbackia and Elimia), 2) the
lack of well corroborated phylogenetic hypotheses for the groups in
question, and 3) the problems of dating the coastal plain terraces (see
Johnson, 1970). Hoeh et al. (1995) argued that the Suwannee Straits
area of northern Florida was submerged multiple times during the
Late Cenozoic and that these vicariant events were likely responsi-
ble for early differentiation within the Utterbackia clade. The geo-
graphic placement of the distributional discontinuity between u.
peggyae (Florida Panhandle distribution; Escambia River to the
Ochiockonee River) and L. peninsularis (Peninsular Florida distribu-
tion; Suwannee River to Hillsborough River) is consistent with the
hypothesis of an insularized peninsula of Florida during the Late
Cenozoic.
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Other nominal unionid species with distributions that span the
Suwannee Straits area of northern Florida need to be carefully exam-
ined for potential anatomical and/or molecular discontinuities that,
if present, may be causally related to the hypothesized insulariza-
tion. The elucidation of the actual freshwater mollusk biodiversity
of the region is a necessary prelude to phylogenetic analyses of the
pertinent higher taxa. Furthermore, the availability of well cor-
roborated phylogenetic hypotheses for the freshwater biota of the
southeastern United States is fundamental to any explication of the
sequence of Late Cenozoic marine insularization events in the Penin-
sular Florida region.

ACKNOWLEDGEMENTS

J.MK. Berlocher, R.S. Butler, A.H. Clarke, S5.E. Cordoba, K.S. Cummings, R.V. Dimock,
T.E. Dowling, A.G. Gerberich, M.E. Gordon, P.D. Hartfieid, W.H. Heard, G.A. Long, D.
Manning, R.5. Prezant, RJ. Trdan, and J.D. Williams are acknowledged for assistance in
procuring specimens. 1.D. Williams and J. Brim-Box are thanked for providing new
distributional data for Ulterbackia peggyae in Georgia. We thank R.S. Butier, P.D.
Hartfield and ].D. Williams for comments ont earlier drafts of this report. This work was
supported in part by NSF grant BSR-88-15442 (to WRH and 12.]. Eernisse); Grant-ir-Aid
of Research from Sigma Xi, The Scientific Research Society; National Capital Shefl Club
Scholarship; Anthony D'Attilio Student Research Grant; Block Grants from the
Department of Biology, and Hinsdale-Walker Scholarships from the Museum of Zoology,
The University of Michigan.

LITERATURE CITED

BERMINGHAM, E. & AVISE, 1.C. 1986. Molecular zoogeography of freshwater fishes
in the southeastern United States. Genetics, 113: 939-965.

BERT, T.M. 1986. Speciation in western Atlantic stone crabs (genus Menippe): the role
of geological processes and climatic events in the formation and distribution of
speaes. Marine Biolagy, 93: 157-170.

BURCH, ].B. 1973. Freshwater Unionacean Clams (Mollusca: Pelecypoda) of North
America. Biotn of Freshwater Ecosystems Indentification Manual, No. 11. U.£. Environ-
mental Protection Agency, Washington, D.C. xi + 176 pp, 154 figs.

BURCH, J.B. 1975. Freshwater unionacean clams (Molusca: Pelecypoda} of North America.
Malacological Publications, Hamburg, Michigan. xviii + 204 pp., 242 figs.

BURGESS, G.H. & FRANZ, R. 1978. Zocgeographv of the aquatic fauna of the St. Johns
River system with comments on adjacent peninsular faunas. American Midland Natu-
ralist, T00(1): 160-179,

BUTLER, R.5. 1989. Distributionial records for freshwater mussels (Bivalvia: Unionidae)
in Florida and South Alabama, with zoogeographic and taxonomic notes. Walkerzna,
3(10y: 239-261.

CARR, A.F. 1940. A contribution to the herpetology of Florida. Universify of Florida
Publications, Biological Science Series, 3: 1-118,

CHAMBERS, 5.M. 1980. Genetic divergence between populations of Goniobasis
{Pleuroceridae) occupying different drainage systems. Malacologia, 20(1): 63-81.




286 Bogan and Hoeh

CHAMBERS, 5M. 1982, Chwomosomal evidence for parailet evolution of shell scuip-
ture pattern in Goniobesis. Evolution, 36(1): 113-120.

CLENCH, WJ. & TURNER, R.D. 1956. Freshwater mollusks of Alabama, Georgia and
Florida from the Escambia to the Suwannee River. Builetin of the Florida State Museum,
Bivlogical Sciences, 1: 97-239, pls. 1-9.

COOKE, CW. 1945. Geology of Florida. Bulletin of the Florida Geological Survey, 29: 1-329.

DALL W.H. 1903, Contributions to the Tertary fauna of Florida. Transactions of the
Wagner Free Institute of Science, Vol. 3. Philadelphia.

DILLON, W.P & POPENCE, P. 1988. The Blake Plateau Basin and Carolina Trough.
Pp. 291-328. Irc Sheridan, R.E. and Grow, J.A, (eds.), The Atlantic continental margin,
L5, Geological Society of America, The Geology of North America, Vol. 1-2.

GILBERT, C. 1987. Zoogeography of the freshwater fish fauna of southern Georgia and
Peninsular Florida. Brimleyana, 13: 25-54,

GILBERT C., CASHNER, R.C. & WILEY, EO. 1992. Taxonomic and nomenclatural
status of the banded topminnow, Fundulus cingulatus (Cyprinodontiformes: Cyprino-
dontidae). Copeia, 1992(3): 747-759.

GRAHAM, A. 1949. The molluscan stomach. Transactions of the Royal Society of Edin-
burgh, 61(3){No. 27}: 737-776.

HEAKD, W.H. 1879, Identification manual of the freshwater clams of Florida. Florida
Department of Environmental Regulation, Technicnl Sertes, 4(2): 1-83.

HOEH, W.R. 1990. Phylogenetic relationships among eastern North American Anodon-
ta {Bivalvia: Unionidae). Malacological Review, 23: 63-82.

HOEH, W.R. 1991, The evolution and consequences of simuitaneous hermaphroditism
in the freshwater mussel genus Utterbackiz (Bivalvia: Unionidae). Unpublished doc-
toral dissertation, University of Michigan, Ann Arbor. 97 pp.

HOEH, W.R, FRAZER, K.5, NARANJO-GARCIA, E. & TRDAN, RJ. 1995. A
phylogenetic perspective on the evolution of simultanecus hermaphroditism in a
freshwater mussel clade (Bivalvia: Unionidae: Utterbackia). Malacological Review, 28:
in press.

HUBBELL, T.H. 1932. A revision of the Puer group of the North American genus
Melanoplus, with remarks on the taxonomic value of the concealied male genitalia in
the Cyrtacantharcinae {Crthoptera, Acrididae). Miscellanepus Publications, Musewm of
Zoology, University of Michigan, 23: 1-64.

JOHNSON, R.I. 1965. A hitherto overlooked Anodonte (Mollusca: Unionidae) from the
Gulf Drainage of Florida. Breviors, No. 213. 7 pp., 2 plates.

JOHNSON, R.L 1970, The systematics and zoogeography of the Unionidae (Moflusca:
Bivalvia) of the Southern Atlantic Slope Region. Bulletin of the Museum of Comparative
Zoolegy, 14K6): 263-450, pls. 1-22.

JOHNSCN, R4, 1972, The Unionidae {(Motusca: Bivalvia) of Peninsular Florida. Bul-
letin of the Florida State Museum, Biological Sciences, 16(4): 181-249, 12 figs.

JOHNSON, R.I. 1973. Distribution of Hydrobiidae, a family of fresh and brackish water
gastropods, in Peninsular Flovida. Qceasional Papers on Mollusks, Museum of Compara-
tive Zoology, Harvard University, 3(46): 281-303.

KAT, P.W. 1983. Genetic and morphological divergence among nominal species of
North American Anodonfa (Bivalvia: Unionidae). Malacologia, 23: 361-374.

KATOH, M. & FOLTZ, D.W. 1994, Cenetic subdivision and morphological variation in
a freshwater snail species complex formerly referred to as Viviparus georgianus (Lea).
Bivlogical Journal of the Linnean Society, 53(1): 73-90.

MOLER, P.E & KEZER, |. 1993. Karyology and systematics of the salamander genus
Preudobranchus (Sirenidae). Copea, 1993(1): 39-47.

NEI, M. 1278. Estimation of average heterozygosity and genetic distance from a small
mumber of individuals, Genetics, 8% 583-590. .
NEILL, W.T. 1957, Historical biogeography of present-day Florida. Builetin of the Florida
State Museumn, Biological Sciences, 2(7): 175-220.



Bogan and Hoeh

e far parallel evolution of shell scuip-
129,

ter mollusks of Alabama, Georgia and
er. Bulletin of the Florida State Museum,

f the Florida Geologieal Survey, 29: 1-329,
¢ fauna of Florida, Transactions of the
hda.

: Plateau Basin and Carolina Trough.
{eds.), The AHlantic continental margin,
v of North America, Vol. 1-2.

ter fish fauna of southern Georgia and

1992. Taxonomic and nomenclatural
whatus {Cyprinodontiformes: Cyprino-

ransactions of the Royal Society of Edin-

: freshwater clams of Florida. Florida
Series, 4(2): 1-83.

ong eastern North American Anadon-
13: 63-82.

‘es of simubtaneous hermaphroditism
aivia: Unionidae). Unpublished doc-
xhor. 97 po,

ZlA, E. & TRDAN, RJ. 1995. A
simultaneous hermaphroditism in a
Atterbackia). Maiacological Review, 28;

roup of the North American genus
1¢ of the concealied male genitalia in
Miscellaneous Publications, Museum of

tonta {Mollusca: Unionidae) from the
-» 2 plates.

>graphy of the Unionidae Moliusca:
Bulletin of the Museum of Comparative

Bivalvia) of Peninsular Florida. Bul-
16{4): 181249, 12 figs.

- family of fresh and brackish water

rers on Mollusks, Museum of Compara-

rergence among nominal species of
- Malacologia, 23: 361-374.

ision and morphological variation in
rred to as Viviparus georgianus (Lea).
gfstematics of the salamander genus

v and genetic distance from a small

mt-day Florida. Bulletin of the Florida

Utterbackia peninsularis in Florida 287

OLSON, AL, HUBBELL, T.H. & HOWDEN, HF. 1954, The burrowing beetles of the

g:n;iss gdymtmpes. Miscellaneous publications, Museum of Zoology, University of Michigan,

RIGGS, S.R. 1984. Paleoceanographic model of Neogene phosphorite deposition, U .S.
Atlantic continental margin. Science, 223: 123-131, :

SWIFT, C.C., GILBERT, C.R.,, BORTONE, 5.A., BURGESS, G.H. & YERGER, RW. 1986,
Zoogeography of the freshwater fishes of the Southeastern United States: Savannah
River to Lake Ponchartrain. Pp. 212-265. In: Hocutt, CH. & Wiley, E.O. (eds.), Zoo-
geography of North American freshwater fishes. John Wiley and Sons, New York.

THOMPSON, F.G. 1968. The rquatic snails of the family Hydrobiidae of Peninsuiar Florida.
University of Florida Press, Gainesville, Pp. xv, 1-268, &4 figs.

VIDRINE, M.F. 1993. The historical distributions of freshwater mussels in Louisiana, Gail Q.
Vidrine Collectables, Unice, LA. Pp i-xii, 1-225, 136 maps, 20 color plates.

Walkeranz, P. O. Box 2701, Ann Arbor, Michigan 48106, U5.A.
@Society for Experimentai and Descriptive Malacology, 1995

[ CE TR R SR




s

ot



