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ABSTRACT

Reconstructing the phylogeographic patierns of widely distributed and common freshwater mussel
species {Bivalvia: Unlonidae) may provide insight into unionid evolution and speciation. The
Wabash pigtoe, Fuseonain flava, is currently recognized as a single, polytypic species that is widely dis-
tributed and common throughout the Mississippt River drainage and parts of the Canadian Interior,
Great Lakes and Gulf’ Coast drainages. Sequence analysis of the mitochondrial COT gene revealsd
two divergent (3.43%) clades. Clade A consisted of specimens located throughout the upper and
lower Mississippi River drainage and in the Red River (Canada) and Lake Erie drainages and all
F. cerina specimens, All haplotypes within clade A differed by three (0.53%) or fewer nucleotide substi-
tutions {rom: the most widely distributed and abundant haplotype, F1. Clade B, consisting of specimens
located in the far western portion of the species’ range, may comprise an undescribed species. There was
no evidence of genetic differentiation among F, feva inhabiting headwater and intermediate-sized river
localities of the Muskingum River system and Jarge river localities of the nearby Ohie River. The diver-
gence among F. flava haplotypes comprising clade A (0.18-1.10%) was similar to the divergence
between the F. cerina haplotypes and the F. flava haplotypes comprising clade A (0-1.10%). This
study illustrates the importance of accessing genetic diversity across the disuribution of a polytypic
species, Addittonal analyses based on a combination of morphology and genetics are needed to deter-
mine the taxonomic status of clade B and to strengthen our understanding of the relationship between
F, flava and F. cering.

INTRODUCTION

North America has the world’s greatest diversity of {reshwater
mussels (Bivalvia: Unionidae) (Lydeard, Mulvey & Davis,
1896), This unique group of bivalves has a life cycle that involves
an obligate, parasitic stage on the gills or fing of host fish species
during early development (Hoggarth, 1999). The nearly 250
species that comprise the subfamily Ambleminae are particu-
larly diverse in their morphology, habitat requirement and hfe
history [Campbell el af, 2005). Phylogenetic analyses are
being used to complement morphology-based taxonornic classi-
fications hecause of the tendency for evoludonary convergence
and phenotypic plasticity in unionids {Lydeard ef al., 1998).
Although there has been support for higher taxonomic levels
{e.g. tribes), most of the genera in the sublamily Aimbleminae,
as currently defined, are polyphyledc (Campbell ef af., 2005).
Phylogenetic studies that incorporate a large number of taxa
strengthen our understanding of unionid systematics as well as
identify problematic taxa that warrant immediate attention.
Hewever, our current views of conservation status, distribution
and general biodiversity assessment are ultimately ted to
our understanding of unionids at the species Jevel (Lydeard,
Minton & Williams, 2006). Most of the studies that have examined
genetic diversity at or below the species level in unionids have
focused on imperiled species (Mulvey of af., 1997; King o of.,
1999; Roe, Hartfield & Lydeard, 2001, Buhay e af, 2002,
Grobler ef af., 2006; Serb, 2006). Although data from these analyses
can guide critical conservation efforts (Lydeard & Roe, 1998),
reconstructing the large-scale phylogeographic patterns of widely
distributed and common species may provide additional msight
into the evolution and speciation of unionids (Mulvey e al.,

1997}, For example, identifving the current level and distribution
of intraspecific genetic variation in widespread species may reveal
the extent to which past large-scale events (e.g. Pleistocene glacia-
tions) impacted unionid evolution {(Elderkin of al,, 2007).

The Wabash pigtoe, Fusconaia flave {Rafinesque, 1820), is cur-
rently recognized as a single, polytypic species that is widely distri-
buted and common throughout the Mississippi River drainage and
parts of the Canadian Interior, Great Lakes and Gulf Coast drai-
miges {OQesch, 1984). Fusconain flave, » member of the sublamily
Ambleminae, is characterized by its strong posterior ridge and
angulation. Shell obesity (shell width/shell length) has been assocta-
ted with stream position; a less obese {compressed } form Is found i
headwater streams whereas a more obese (swollen) form is found in
larger rivers [Wartters, 1994). The compressed form cnables a
mussel to quickly burrow in a variety of substrata, a particularly
advantageous strategy [or the less stable conditions assoclated
with headwater streams. The obese form enables u mussel to
anchor itself’ into the more stable substrate of swong-flowing
large rivers (Watters, 1994). Historically, these forms were
thought to have comprised two distinet species; F. flove {headwater
forms) and F. undala (larger river forms). However, a morphologi-
cal eline of the compressed form downstream to the obese form was
observed and the twe species were united and recognized as a
single species under the name of flave (Stanshery, 1983y, This
upstream-downstream variation in shell morphology conforms
to Ortmann’s Law of Stream Posiion (Ortmann, 1920), The
genetic relationship among the various morphological forms of
F. flava Is unknown.

The Gulfpigtoe, F. cerine (Conrad, 1838, has been reported from
the Gulf Coastal Plain sreams and rivers in Alabama, Mississippi
and Louisiana and persists in stable populations throughout
its range {Williams ¢f of,, 1993, Hlang & Warren, 2003}, Fescongia
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TFable 2, Taxa analysed and GenBank accession numbers for partial mitochondrial COT sequences.

Species

Accession no, Referance

Elliptio crassidens (L.amarck, 1819)
Elliptic dilatata (Rafinesque, 1820}
Fusconala barnesiana (Lea, 1838)
Fusconala cerina 1 {Conrad, 1838)
Fusconaia cering 2

Fusconaia cor (Conrad, 1834)

Fusconaia cuneolus (Lea, 1840)
Fusconala escambia {Clench & Turner, 1956)
Fuscenala ozarkensis (Call, 1887)
Fusconaia masoni (Conrad, 1834)
Fusconala subrotunda (Lea, 1831}
Plethobasus cyphus (Rafinesque, 1820}
Pleurobema beadieanum (Lea, 1861)
Pleurobema chattancogaense 1 {Lea, 1858)
Pleurobema challancogaense 2
Pleurobema clava (Lamarck, 1818}
Pleurobema coflina {Conrad, 1834}
Pleurobema cordatum 1 (Rafinesgue, 1820)
Pleurobema cordaturm 2

Pleurobema cordatum 3

Pleurobems decisum (Les, 1831)
Pleurobema furvim (Conrad, 1834)
Pleurobema georgianum (Lea, 1841)
Pleurobera gibberum {Lea, 1838)
Pleurobema hanleyianum {Lea, 1852}
Pleurobema oviforme (Conrad, 1834)
Pleurobema perovatum (Conrad, 1834)
Pleurobema plenum 1 {Lea, 1840)
Plaurobema plenum 2

Pleurobema pyriforme (Lea, 1857}
Pleurobema rubsllum (Gonrad, 1834)
Pleurobema rubrur (Rafinesgue, 1820)
Pleurobama sintoxia 1 {Rafinesque, 1820}
Flauroberna simtoxia 2

Pleurocbema stabile (Lea, 1861}
Pleurobema strodeanum (Wright, 1898)
Pleurobema taftianum (Lea, 1834)
Quincuncina berkei 1 (Walker, 1922)
Quincuncina berkei 2

DQ38a428 D.C. Campbelt et al., unpubl.
AF156507 Graf & O'Foighil (2000)
AYE13822 Campbeli ef al. (2005)
AYQ48522 Roe & Lydeard {1998}
AY813823 Campbell et al. (2005}
AY854097 Campbelf of al. (2005}
AYE54098 Campbefl ef al. {2005}
AF232816 Lydeard ef al. (2000)

- D.C. Campbell, pers. comm.
EF619921 C. Morrison, pers, comm,
AYB13824 Campbell et al. {2005)
AYB13828 Campbell et al. {2005)
BO3R342S D.C, Campbell et af., unpubl.
AY513829 Campbel st al. (2005)
DQ383430 D.C. Campbell et af., unpubl.
AF231754 Hoeh & Bogan (2000}
AYB13830 Campbell ef al. (2005)
AYB13831 Campbeii ef al. {2005)
EFB18917 C. Morrison, pars. comim.
EF619918 C. Morrison, pers. comm.
AYE13832 Carmpbeli et al, {2005)
AYB13833 Campbeii et al. (2008}
AYB13834 Campbell et al. (2005)
AYB13835 Campbell et al. {2005)
AYB13836 Campbell et al. {2008)
AY613837 Camphbell ef al. {2005)
AY613838 Campbell et al. {2005)
EF519919 C. Moarrison, pers. comm,
EF619920 C. Morrisen, pers. comm.
AY513838 Campbell ot al. {2005}
AYE13840 Campbell st al. {2008)
AYB13841 Campbell of 8, {2005}
AF156508 Gral & O'Foighit {2000)
AF156509 Giraf & O'Foighil (2000)
AYB13842 D.C. Campbell et at, unpubl.
AYE13843 Campbell af al. {2005)
AYE13844 Campbell et al {2005)
AF232804 Lydeard ef al. (2000}
AF232802 Lydeard et al, (2000}

RESULTS

Nucleotide sequence data of 547-bp in length were obtained for a
fragrent of the GOT gene [or all Fusconaia flava, F. cering, *F. cbena
and Lampsilis ormata specimens. There were 113 variable sites and
45 parsimony-informarive sites. Of the 113 vartable stes, 10 were
first position, rone were second position and 103 were third posi-
tion, The transition to transversion substitution ratic was 4.9, No
insertions or deletions were observed. Translation of codons into
amino acids resulied in three substitutions, one in . eering {ocality
28) and two in ‘F. ¢hena. Representative F. flave, F. cering and
7 ehena sequences were deposited in GenBank {1D298524—
D()2985349).

Thirteen haplotypes were identified smong the 58 F. flava speci-
mens (Fig. 1). The Fl and 3 haplotypes were the most widely dis-
uributed. All F. flava haplotypes differed from F1 by three ((1.55%)
or fewer nucleotide substitutions, with the exception of T8, T9 and
F146, The I8 and F9 haplotypes were found i the Neosho River,
K8 (Arkansas River drainage; locality 14) and Osage River, MO

(Missour? River drainage; locality 13), respectively. The F§ and
F9 haplotypes differed from F1 by 19 {3.47%, SE = 0.0077) and
16 {2.93%, 0.0072) substitutions. The FI0 haplotype was found
in one specimen from the Ohio River {locality 2). This haplotype
difiered from I} by 25 nucleotide substitutions (4.57%, 0.0084).
The twe F. cerine haplotypes {Cl and C2) differed from the Fl
haplotype by three (0.55%, 0.0031) and two (0.37%, 0.0025)
nucleotide substitutions, respectively. The “F. sbena and L. omala
haplotypes differed frora F. flavae (F1) by 68 (12.43%, 0.0133} and
64 {11.70%, 0.0133} nucleotide substitutions, respectively.

Fusconaia flava in the Muskingum River system
and the Ohte River

There was licde detectable COIL variation among the F. flase
specimens inhabiting the headwater and intermediate-sized
river localitles of the Muskingum River system {localities 1, 3,
4, 5, 8 and 10) and nearby large river localities of the Ohio

4 0f' 9
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Figure 1. Map of Fussanain flave (F) and £, cenina (C) mitochondrial COT haplotypes and localitdes. The major clades are vepresented by the following
symbols: circles, elade A; hexagons, clads By squares, clade C. The locality number is located next to cach haplotype symbol. Sce Table | for details on

localities,

River {localities 2 and 6}, The AMOVA revealed the molecular
variance attributed to differences among drainage groups (%
total variation = 16.13; ®¢pr= 0.16133) was relatively small
and not significant (P = 0.067). One specimen from the Kilk-
buck Creek lecality (headwater stream of the Muskingum
River systemn) contained the F3 haplotype. All other specimens
in the Killbuck Creek locality and all other localities of the
Muskingum River system contained the F1 haplotype. The Fl
haplotype was also found in both of the Ohio River localities.

Phylogenstic analysis

The neighbour-joining (N]) analysis based on 347-bp sequence
data supports three clades within F flava. The results of this
analysis are not shown since the same F. flaza clades were reco-
vered in the NJ analysis that was based on 484-bp sequence
data (see below). Clade A contains haplotypes F1, F2, F3, F4,
F5, F6, F7, F11, F12, F13 and the F. ceriva haplotypes Gl and
C2, clade B contains haplotypes F§ and F9, and clade C contains
haplotype F10. There was more differentiation among the
haplotypes comprising clade B {1.28%, 0.0048) than among the
haplotypes comprising clade A (0.18-1.10%). An AMOVA
revealed that a large proportion of molecular variance was attri-
butable to differences among clades (% total variation = 8§3.10;
by = 0.83101; p == 0.005). The variance attributed to differences

among population within clades {% total wvariation == 4.08%;
Dy =0.24121, P=0.001) and within populations (% total
variation = 12.82; $gp= 087177, P=0.001), although com-
paratively low, was also significant, Similar to the NJ analysis,
the MSN indicated three major groups within the F. fawg
samples {Fig. 2). The genetic distance values calculated for
clades A and B {3.43%, 0.0069}, B and C (4.57%, £.0084) and
A and C [4.66%, 0.0084) were relatively high.

The NJ analysts of the F. flave and F. cerine haplotypes with
COI sequences from other Pleurobemini species indicates the
uniqueness of the F8 and F9 haplotypes (Fig. 3). The TI10
haplotype was rnost similar to two P. cerdatum COT sequences.
The NJ wee closely ollows the phylogenetic trees presented in
Camphell e al., 2005 in regards to the species groupings, particu-
larly within Fusconate and Plewrobema. The low support for
the basal nodes Is not surprising given the small sequence data
set. The results suggest Plewrobema 15 paraphyletic, where the
P. sinloxia, P. rubrum and P. cordatum group share a common
ancestor with the major Fusconaia group. In addition, mean pair-
wise comparisons of the haplotypes comprising clades A, B and
C o the Q) burkes and F. escambia scquences revealed sequence
divergence comparable to the interspecific genetlc divergence
reported for unionids (13.09%, Ree & Lydeard, 1998; 3.81-
16.42%, King e of,, 1999; 3.65-15.35%, Serb o al, 2003):
clade A to Q, burke! {4.40%, 0.0089) and F. gcambia (8.36%,
0.0140), clade B to Q. burkel {4.39%, 0.0087) and F. escambia

Soft9
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Figare 2. Minimum-spanning network based on Fuscenale flase (F) and
F. cering {C) mitochondrial COI haplotypes. Small circles indicate inter-
mediate haplotypes, Lines conneeting two cireles represent a single base-
pair difference between the two haplotypes, except when indicated by
numbers. Dashed lines indicate alternative most parsimonious connec-
tons. “The F2 haplotype was identical o the C2 haplotype.

(8.48%, 0.0141), clade C to ), burker (6.14%, 0.0115) and
F. escambia (9.65%, 0.0155).

DISCUSSION

Fusconaia flava m the Muskingum River sysiem
and the Ohio River

Based on sequence analysis of 547-bp from the mitochondrial
COI gene, there was ne evidence of genetic differentiation
among Fusconaia flave inhabiting headwater and intermediate-
sized localities of the Muskingum River system and large river
localities of the Ohio River. The AMOVA results suggest that
these F. flaza are not genedcally isolated. All but two specimens
possessed the F1 haplotype {Table 1), The use of microsatellites
or a faster evolving mitochondrial gene could be used to furtcher
examine the genetic relationship between F. flave specimens
inhabiting headwater and large river localities within the same
river drainage. Male mitochondrial DNA, which evolves much
faster than female mitochondrial DNA {Liu, Mitton & Wy,
1996), may also be utilized to reconstruct within drainage phylo-
grographic structure {Curole, 20604; Krebs, 2004).

Phylogeography of Fusconaia {lava

Clade A consisted of specimens found throughout the upper and
lower Mississippl River drainage and in the Lake Erie and Red
River drainages (Fig. 1). The two most widely distributed and
most abundant haplotypes in clade A, Fl and T3, diflered by
only ene substitution (0.18%, 0.0018). The level of divergence
among haplotypes comprising clade A {0.18-1.10%) was
higher than what was documented {or dmblema plicata (0.3%
COI divergence, Elderkin ¢f af., 2007). Moreover, all haplotypes
within clade A differed by three {0.55%) or fewer mutations
from F1 (Fig. 2). This starburst pattern s suggestive of
widespread spectes having originated {rom a small number of

F. ozarkensis
F.cor
F. cuneolus
F. subrofunda
F10 3¢
P. cordatum 2
14— P, cordatum 3
F. sintoxia 1

a9 It’ cordatum 1

13} P Sintoxia 2
P. rubrum
P. stabile

[:1:3 P. perovatum
BE_I:E P. taitfanum
L 57 P. beadleanum

P. strodeanum
[ P. furvum
93 +— P, rubelflum
P. clava
P. oviforme
P. geargianum

B. pyriforme
P. hanleyianum

P. chattanoogaense 2
_gl_?’. chattancogaense 1
— 87 b P. decisum

98

F. barnesiana
““‘ P. gibberum
E P. plenum 2
9 P, planwin 1
E. dilatata
I———-——— E, crassidens
59 P. cyphus
L. ornata
53—l P. coliina
F.ebena

0.40%

Figare 3. Neighbour-joining tree based on Kimura-lwo-parameter
distances among mitochondrial COT haplotypes (484 nucleotides) for
Fusconaia flave (F), F. cerine (G} and other Pleurcbemini species. The
major F, fave clades ave vepresented by A, B and G Lampsilis ornata
and *f ghena were used as culgroup species. Numbers after the species
name reflects multiple individuals of some of the species. The bootstrap
values (reported as a percentage of 10,000 replicates) suppoerting each
node are indicated; only values greater than 50% are shown. Scale bar
represents genetie distance. See Table 2 for species information.
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founding individuals (Avise, 2000). Although many phyle-
genetic studies of North American aquatic species have indicated
that speciation events occurred prior to the Pleistocene glacia-
tions (Mayden, 1988; Strange & Burr, 1997; Near ef al., 2003),
the Pleistocene glaciations are still thought to have significantly
impacted intraspecific phylogeographic structuring through a
combination of geegraphic isolation of fragmented populations
and reducing genetic variation (Hewiir, 1996). The presence
of these F. flava haplotypes in localities that were not directy
impacted by glaciation {Tennessee, Kentucky and Arkansas)
and areas that were {Southern Canada, Wisconsin, Towa and
parts of Ohio) (Strange & Burr, 1997) suggests a postglacial
expansion nerthwards from southern refugia. The repeated reco-
lonization of previously glaciated areas may have reduced
genetic variation in the northern species of black bagses {genus
Micropterus) [rom repeated founder-flush cycles (Near ef af.,
2003). This model describes the phylogeographic pattern of
the mere northern populations of F. flava. Similarly, A. plicate
exhibited lower genete diversity within populations inhabiting
previously glaciated regions than within populations inhabiting
regions unafiected by the Pleistocene glaciers (BElderkin of al.,
2007).

The F3 and F13 haplotypes were found in the only locality
representing the Red River dralnage (northern United Stares/
southern Canada; locality 21). The F3 haplotype is widespread
whereas the F13 haplotype is unique to the Assiniboine River
locality. Temporary postPleistocene connections between the
Red River and the upper Mississippt River drainages have
heen proposed (Graf, 1997}, Given that the F3 haplotype is
also found outside of the Red River drainage, the presence of
F3 in this locality indicates a relatively recent migration from
the upper Mississippl River drainage.

Two substitutions {0.37%, 0.0025) distinguished the Lake
Erie drainage haplorype (F2) from F1, the most widely distri-
buted haplotype n this study. Johnson (1980) suggested that
melt waters produced from wasting glaciers during the lateer
part of the Wisconsinan episode allowed for the migration of
unionoids (via host fish) upstream to the Great Lakes drainage
from southern refugia. Once the water levels fell after the
glacial retreats, the basins took on their present configurations
and conseqguently limited the dispersal of aquatic organisms
across major divides. A refugium from which ancestors of the
Grand River haplotype originated may have existed during
the Pleistocene in the central and/or southern Mississippl
River drainage, since these areas were not directly impacted
by glacial events (Strange & Burr, 1997). The expansion of
F. flava nto the Great Lakes drainages was likely a continuation
of its postglacial expansion from the northern Mississippt River
drainage, as evidence by its low divergence from other northern
haplotypes F1 and T3, Limited genetic variation in Lake Erie
drainage populations of unionids has heen documented
(Krebs, Viasceanu & Tevesz, 2003; Elderkin of of., 2007).

The specimens in Brown Creek (Loulstana), the most
southern F7. flava locality in this study (Fig. 1), contained a haplo-
type {F4} that differed by two substitutions (£.37%, 0.0025)
from the more northern distributed F1. Brown Creek has only
recently become part of the Gulf Coast system. Recent construc-
tion of levees in the Red River (circa 70 years ago) diverted the
Brown Creek drainage {via Bayou Rapides) from the Red River
drainage to the Bayou Boeul drainage {Gulf Coast system)
(Johnson & Brown, 2000). Although F4 is unique to the
Brown Creek locality, it is difficult to estimate the origin of
F. flava into this particular locality because of the recent
change in drainage patterns. Individuals located further
upstream in the Red River dramnage or even in nearby Gull
Coast drainages may also possess the F4 haplotype. The speci-
mens i the two Wolf River drainage localities (lower Mississippi
River drainage} contained a haplotype (T'3) that was closely

refated to F7, a haplotype found in the East Fork of the White
River locality {upper Mississippi River drainage}. Haplotypes
similar to ¥5 and F7 may be distributed throughout the Missis-
sippt River drainage.

The haplotypes comprising clade B, F8 and F9, are distinct
from the F. flove haplotypes and the other Fusconaia species
{Fig. 3). The divergence between the western clade B and the
more eastern clade A (3.43%) indicates the presence of a long-
term genetic barrier, The lack of glactation in the western
portion of the species’ range {Oesch, 1984) during the Pleisto-
cene and the relatively unchanged river systems In this region
since the Pliccene, specifically the Old Missouri River
(Strange & Burr, 1997), indicates the potential for a western
glactal refugium for F. flave. Moreover, the two mest western
localities in this study are not directly connected; locality 14
{Neosho River) is in the Arkansas River drainage whereas
locality 13 (Osage River) is in the Missouri River drainage.
Two possible scenarios can explain the presence of two related,
yet divergent {1,289, 0.0048} haplotypes in river systems that
are not currently conpected; either past connections existed
between these two drainages or they shared a common ancestor
that inhabited the Mississippt River and migrated to their
current positions, Pflieger (1971) reviewed the ancestral drai-
nage patterns of the central plaing, The Flint Hills of Kansas
comprised a major divide, where streams west of the divide
fowed southward into Oklahoma and streams east of the
divide flowed eastward through Missourt, During Kansun time
{~0.7-0.13 Maj, a temporary meltwater coanection resulting
[rom the western [obe of the Kansas ice sheet was established
across the divide. This historical connection would have
allowed the migration of F. flava (via host fish! across the
divide. A similar pattern of divergence was observed hetween
the Eastern Highlands and Ouachita Highlands populations of
the crystal darter, Crystallaria asprelle [Morrison of af., 2006).

Similar to the haplotypes comprising clade B, the haplowype
comprising clade G, F16, is distinet from the &, flaza haplotypes
and the other Fusconaia species {Fig. 3}, However, the F10 haplo-
type closely resembles two P, cordatum COL sequences. The most
likely explanation for the divergence of clade C from the other
F. flava clades 1s that the specimen containing the T'10 haplotype
is acrually P, cordatum. Identifying unionids can be difficult given
the tendeney for evolutionary convergence and phenotypic plas-
ticity {Lydeard e af., 1996). A second possthility s that there is
cryptic diversity within F¥. flava and that the specimen containing
the F10 haplotype represents a distinet evolutionary lincage {ie.
species). Analyses utilizing life history or ecology would be
needed tw explore the possibility that this specimen comprises
a separate species.

Fusconaia flava and F. cerina

These data suggest I, flava, as carrently recognized, is not mono-
phyletic (Fig. 3), The sequence divergence among F. flave haplo-
types comprising clade A (0.18-1.10%) was similar to the
divergence observed between the F. cerina haplotypes and the
F. flava haplotypes comprising clade A (0-1.10%). These
values fall in between the intraspecific genetic distance values
that have been reported for the same fragment of COIL for
other unionid species (2.62% for Potamifus species, Roe &
Lydeard, 1998; 0.17-8.35% for Lasmigona subuviridis populations,
King el al, 1999; 0.3% for A. plicala, Elderkin ef af., 2007) and
well below the interspecific values that have been documented
for unionids (13.09%, Roe & Lydeard, 1998; 3.81-16.42%,
King el al,, 1999, 3.65-15.35%, Serb o o/, 2003). The low
genetic divergence between the F. cerina haplotypes and the 7
Jlawa haplotypes comprising clade A is interesting given that
the F. flava complex in the Mobile-Alabama-Tombighee
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system Is currently recognized as F. cerina {Williams of af., 1993).
Based on the nmunimal genetic divergence abserved between the
F.serine haplotypes and the F. flose haplotypes comprising clade
A, these F. 'eering’ specimens in the Yellow Creek (Mississippi)
and Sipsey River (Alabama) localities may actually be F. fava.

The presence of a historical connection between the Tennessee
River drainage and the Mobile Basin via an Appalachian river
has been debated {Starnes & Etnier, 1986). Recent geological
analysis indicates that, i such a connection occurred, it was
formed sometime during the Paleozoic and was severed by the
Early Cenozoic {Mills & Kaye, 2001). However, the low
genetic divergence between the F. eering haplotypes and the
nearby F. flava haplotypes supports a Pleistocene arigin for the
F. cerina specimens in this study, Perhaps geologically recent
stream capture of a tributary transferved F. flava from the
lower Tennessee River drainage or the lower Mississippt River
drainage to the nearby river systems of the Gull Coastal
Plains. The migration of F. flava to the Gull Coast systems may
have also been possible during the sea level fluctuations of the
Pleistocene, a mechanism that has been proposed for the
migration of other unionid species between Gull Coast drainages
(Roe o al., 2001}, More recently, F. flava could have migrated
from the lower Tennessee River to the Tombighee River drai-
nage via the Tennessce—Tombighee waterway.

CONCLUSION

Because of the tendency {or morphological convergence and
phenotypic plasticity in unionids, an assessment of genetic diver-
sity in currently recognized polytypic species might reveal highly
divergent populations or even cryptic species. A relatively high
level of divergence in a fragment of the mitochondrial GOI
gene for F. flave has been described in the present work.

Future studies that utilize analyses based on a combination of

morphology and genetics (nuclear and mitochondrial INA)
are needed to determine the taxenomic status of clade B and
to strengthen our undersianding of the phylogeographic struc-
ture of F7. flave. Tn addition, low levels of genetic variation
between F. cering and F. flava have been described, Specimens
of F. cering representing localities throughout its range and
F. flava from nearby drainages should be analysed to determine
il . eerina might actually be F. flava.
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