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ABSTRACT —

Few explicit hypotheses for the refationships of unionid musseis exist. The absence of explicit
phylogenetic hypotheses is problematic and is in part responsible for the lack of taxonomic sta-
bility seen in this group. In this paper we examine the relationships of mussels in the genus
Potamilus, based upon the DNA sequences of a 600 base pair portion of the first subunit of the
mitochondriat cytechrome ¢ oxidase (COI) gene. We alsc examine the genetic distinctiveness of
populations of the inflated heelsplitter P inflafus, The molecular phylogeny indicates that
Potamilus is paraphyletic with Lepfodea fragilis and Lampsilis ornata nested between F capax
and the remaining Potamilus species. With the exception of P capax, the remaining Potamilus
species are depicted as monophyletic and form three distinct clades: {1) a reciprocally mono-
phyletic P inflatus clade; (2) a F ohiensis/P. amphichaenus clade; and (3) a P, purpuratus/E p. col-
oradoensis/F, alatus clade. While bootstrap values indicate a high degree of support for these
three clades, relationships among these three clades are not as strongly supported.

The genetic distinctiveness of two populations of the inflated heelsplitier exceeds that seen be-
tween some other species in the genus. These populations represent geographically isolated,
genetically distinct entities, and we therefore recommend the recognition of both the Amite and
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the Black Warrior populations of B inflatus as separate species,
Key words: Unionidae, Potamilus, cytochrome ¢ oxidase subunit |

INTRGDBUCTION

The freshwater mussel genus Potamilus
Rafinesque, 1818 (Bivalvia: Unionidae), cur-
rently confains six species: F alatus {Say,
1817), F amphichaenus (Frierson, 1898), P
capax {Green, 1832), P inflatus {1, Lea, 1831),
P, ohiensis (Rafinesque, 1820), and P purpu-
ratus (Lamarck, 1819} (Turgeon et al., 1988;
Williams et al., 1992). in addition to these
taxa, Simpson (1914) included P (Lampsilis)
coloradoensis (1. Lea, 1856), which is now
generally considered a western form of P pur-
puratus. Potamilus is distributed in the St
Lawrence and Mississippt drainages and in
Gulf drainages from Alabama to Texas
{Valentine & Stanshery, 1971, Burch, 1975:
Clarke, 1981). The type species for the genus
was designated as Unio alatus Say, 1817, by
Morrison {1969).

The genus Potamilus in its current form was
first recognized as a natural assemblage of
species by Frierson (1927) in the synonymous
genus Proptera Rafinesque, 1819, Several re-
searchers have proposed classifications that
render the agenus paraphyletic (Simpson,
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1914; Hoggarth, 1988; Burch, 1975) and have
placed mussels currently assigned to Pot-
amilus in the genus Lampsilis (P capax)
{Simpson, 1914}, the genus Leptodea {F lae-
vissima [= ohiensis), P amphichaenus)
{Burch, 1975} or the resurrected genus Las-
fena {Hoggarth, 1988). Whereas Potamilus is
generally perceived as a natural group by
freshwater malacologists, it has not yet
achieved taxonomic and nomenclatural stabii-
ity, as evidenced by the continual change in
generic assignments over the iast 170 years.
Even after successfui petitioning by Bogan et
al. (1990) of the Internaticnal Commission on
Zoological Nomenclature for the retention of
Potamilus (BZN, 1992), Proptera, a junior
synonym of Potamilus, appears in publica-
tions as late as 1993 (e.g., McMahon, 1993).
While many descriptions of the genus include
the presence of a posterior wing as diagnos-
tic, this character alone does not discriminate
members of Potamifus from their putative sis-
ter genus Leptodea (Ortmann, 1912; Valen-
tine & Siansbery, 1971). Ortmann’s (1912}
statement that “this genus (Potamilus) stands
in all characters except the glochidia, by that
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of Paraptera [= Leptodea),” supports the simi-
larity of these two genera. Valentine &
Stansbery (1971) stated that the only unique
feature that defines Fotamilus is the posses-
sion of axe-head shaped or liguiate glochid-
ium (Fig. 1), and Utterback {1915) noted that
with the exception of the unique glochidia ang
the more developed hinge, “this genus
(Potamilus) stands with Lasmonos [= Lep-
fodea)” A phenetic analysis by Moggarth
(1988) of the utility of glochidia morphology
for deducing the relationships among North
American freshwater mussels indicated that
Potamifus is not a monophyletic group and
that P ochiensis and P amphichaenus are
more closely related to mussels in the genus
Leptodea than to other members of Po-
familus. Hoggarth's analysis indicated iwo
distinct groups of mussels within Potamilus:
those with lateral hooks on the ventral valve
edges (alatus, capax, purpuratus) and those
without such hooks (ohiensis, amphichaenus,
inflatus). He concluded that the glochidia bore
only a superficial resemblance to each other,
and implied that the axe-head shaped
glochidia were not homologs.

The historic fack of taxonomic stability of
Potamilus refiects the fact that no detailed or
comprehensive cladistically based study has
been conducted on this genus. Despite in-
creasing interest in freshwater mussels, oniy
a few cladistically based analyses have been
published 1o date (Hoeh, 1990; Hoeh et al.,
1996, Lydeard et al., 1996, Mulvey et al.,
1997). The primary objective of this study is to
test the monophyly of Potamilus using a moi-
ecular data set composed of the DNA se-
quences of a portion of the first subunit of the
mitochondrial cytochrome ¢ oxidase (COI
gene, and develop hypotheses for relation-
ships within the genus.

Additionally, we wish to examine the level of
intraspecific genetic variation in the inflated
heeisplitter, P inflatus. Potamilus inflatus was
known from the Amite and Tangipahoa rivers
in Louisiana, the Pear! River in Mississippi,
and the Black Warrior, Coosa, and Tombigbee
rivers in Alabama. Presently, it is limited to the
lower and middle reaches of the Amite River,
and a portion of the Black Warrior River. in
1990, the U.S. Fish and Wildiife Service listed
F inflatus as a threatened species, because of
its diminished range and potential threats to
its continued survival in those rivers where it
stili occurs (USFWS, 1992). Knowledge of
how genetic variation is partiticned in B infla-

tus will aid in making management decisions
concerning this species.

MATERIALS AND METHODS

Tweanty-four specimens representing ten
species and five genera were included in the
analysis (Tabie 1). Genomic DNA was isolated
from fresh frozen or ethanol preserved tissues
using the QlAamp Tissue Kit {(QIAGEN
#29304) following manufacturers instructions.
Care was taken 0 use only somatic tissues as
unionid mussels exhibit bi-parental inheri-
tance of mitochondria (Hoeh et al., 1996 Liu et
al., 1996b). Double-stranded and single-
stranded DNA was generated via the poly-
merase chain reaction (PCR) using the
primers LCO1490 and HCO2198 (Folmer
et al., 1994). Approximately 100 ng of geno-
mic DNA provided the template for double
stranded reactions performed in a 25 wl solu-
tion containing eack dNTP at 0.1 mM, each
primer at 1.0 uM, 40 mM MgCl,, 2 .54l 10X Tag
buffer, and 0.6 units of AmpliTag polymerase.
Reactions were amplified for 32 cycles at 94°
for 40 sec, 55° for 80 sec, and 72° for 90 sec,
The amplified DNA was gel purified and then
used as template for single-stranded amplifi-
cation {Gyllensten & Erlich, 1988) using the
same conditions and primer pair, with the H-
primer used inlimited quantity, Single stranded
DNA was concentrated on Milipore Ultrafree
MC filters, and sequenced using the Se-

uenase version 2.0 kit (U.S. Biochemical) and
%g-labeled dATP following the manufacturers
instructions. The heavy strand was sequenced
using overlapping primers: HCO2198 (5'-
taaacticagggtgaccaaaaaatca-3'), UNICOIH
(5'-tcagcaaccaacccaggag-3), and HUNI-
COIC (5'-aacaacactctctaccaaag-3').

DNA sequences were visualized via autora-
diography, and aligned by eye using the soft-
ware package XESEE (Cabot & Beckenbach,
1989). P-distances (uncorrected for muliiple
hits) and Kimura's “two parameter” distances
(Kimura, 1980) were calculated using the soft-
ware package MEGA (Kumar et al., 19383),
Prior to phylogenetic analysis, the DNA se-
guences were examined for evidence of satu-
ration by plotting the number of transversions
and transitions at each codon position ve. p-
distance. Trees were generated under maxi-
mum parsimony using PAUP version 3.1.1
{Swotford, 1883}. Trees were rooted using
Fusconaia cerina {(Conrad, 1838) and
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FIG. 1. {(A) Glochidia of Potamilus purpuratus,
showing the axe-head shape and lateral hooks.
Hedrawn from Surber {1915), (B) Giochidia of
Lampsilis cardium for comparison. Redrawn from
Surber (1912). Bar = 100 um,

Obfiquaria reflexa  (Rafinesque, 1820}
Bootstrapping (Felsentein, 1985) was em-
ployed to measure the internal stability of the
fopologies generated using 200 iterations.
Skewness of tree-length distributions as a
measure of phylogenetic signal (Hillis &
Huelsenbeck, 1892) was estimated by gener-
ating 10,000 random trees.

RESULTS

Seguence Variation

DNA sequencing procedures yielded ~600
base pairs of COIl sequence for 24 taxa for a
total of 14,400 nuclectides (Genbank acces-
sion numbers AFQO 49499-AF0 49522}, Pre-
liminary analysis of the sequence data re-
vealed 182 variable sites, 151 of which were
phylogenstically informative. Of those sites
that were phylogenetically informative 16
were at the first position, 10 were at the sec-
ond position, and 125 were at the third.
Transtation of codons into amino acids indi-
cates 23 variabie residues. Pairwise percent
sequence differences corrected for multiple
hits using the “iwo parameter” modeal (Kimura,
1980) ranged from 0 to 2.6% for intraspecific
comparisons. Values for interspecific compar-
isons within Potamilus were between 1.2%

and 14.5%, Pairwise comparisons for ail taxa
are presented in Table 2.

Scatierplots of pairwise genstic sequence
differences versus the absolute number of
transitions and transversions are presented
for each codon position in Figure 2. Trends re-
vealed by the scatterplots are typical for those
seen in ather protein coding genes (Roe etal.,
1997a; Lydeard & Roe, 1997), transversions
were refatively rare at first and second posi-
tions, not exceeding four and iwo substitu-
tions respectively for any comparison, Trans-
versions were considerably more common at
the third codon position. A slight decrease in
the number of transitions relative to the num-
ber of transversions at the third position pro-
vides evidence that some saturation is pre-
sent. Saturation has the potential to affect
phylogenetic analyses, therefore differential
weighting of substitutions in the third codon
position was employed.

Phytogenetic Analyses

Based on the analysis of nucieotide substi-
tution patierns, phylogenstic analyses were
performed under maximum parsimony using
equal weighting and weighting transvarsions
2x transitions at the third codon position.
The g' values (—0.362894, ~0.625367) for
weighted and equal weight analyses indicate
the presence of significant phylogenetic signal
(p = 0.01}. Parsimony analysis of the data
using equal weighting of fransitions and trans-
versions resulted in five equally parsimoniocus
trees (Cl = 0.8636, RC = 0.517, 352 steps), the
strict consensus of which is presented in
Figure 3. Anaiysis of the data weighting trans-
versions 2x fransitions resutted in two equally
parsimonious trees, which are presented In
Figure 4. With the exception of the equivocal
placement of P, p. coloradoensis, the two trees
from the weighted analysis represent a single
topology, identical to two of the five trees from
the equal weight analysis. Whereas differ-
ences exist between the trees generated using
transversion weighted and equal weighted
parsimony analysis, ail topoliogies depict
Potamilus as paraphyietic. [n addition, all
topologies suppori the monophyly of alt
species with the exception of the P, purpuratus
clade. All topologies also support the sister
relationships of P ohfensis and P am-
phichaenus, and the reciprocal monophyly of
the Amite and Black Warrior populations of B
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TABLE 1. Localities and number of specimens included in this study.

LOCALITY

SPECIES # INDIVIDUALS
Potamilus alatus’ 1
P alatus? 1
P amphichaenus® 1
R amphichaenus® 1
F capax 2
F ohiensis’ 1
P ohiensis® 1
F purpuratus’ 2
P purpuratus’ 1
F p. coloradoensis 1
£ inflatus 4
R inflatus 4
Leptodea fragilis’ 1
L. fragilis® 1
Lampsilis ornata 1
Obliquaria reflexa 1
Fusconaia cerina 1

Elk River, Limesione Co., AL., 29 September 1994,

Clinch River, Hancock Ca., TN., 12 August 1994

B.A. Steinhagen Resevoir, Neches River Dr., Tyler
Co., TX,, 28 January 1996.

Sabine River, at US Highway 59, Panola Co., TX., 5
July 1895,

tron Mines Ck., ~1.25 mi. W. of AR. Highway. 140
and Red Oak Baptist Church, Poinseit Co., AR,
26 October 1984,

St. Francis fioodway, near Wittsburg, Cross Co., AR,
16 July 1995,

Lake Arrowhead, Little Wichita River, Red River Dr.,
Clay Co., TX., 12 July 1994,

Cahaba River, below Cooper Island, Bibb Co., AL,
15 September 1994,

Cahaba River, ~1 mi. downstream of Hwy. 24, Bibb
Co., Al.., 30 June 1893.

Twin Buttes Resevolr, Conche River Dr., Tom Green
Co., TX., 30 August 1993.

Amite River, above Port Vincent, Baton Rouge Pa.,
LA, 3-4 August 1994,

Black Warrior River, {river mile 327.3), Tuscaloosa
Co., AL., 15 October 1994,

Cahaba, River, above AL, Highway 58, Centrevilie,
Bibb Co., AL., 14 November 1994,

Elk River, upstream of AL Highway 127, Limeastone
Co., AlL., 14 October 1996.

Cahaba, River, above AL. Highway 58, Centreville,
Bibb Co,, Al., 14 November 1994,

Cahaba, River, above AL. Highway 58, Centreville,
Bibb Co., AL., 14 November 1994,

Cahaba River, ~1 mi. downsiream of Hwy. 24, Biob
Co., AL., 30, June 1993.

inflaius. Weaker support was found for some
deeper nades as evidenced by the low boot-
strap values.

BISCUSSION

Phylogenetic Analysis

The COIl data do not support the recoghi-
tion of Pofamilus as a moncphyletic group.
Whereas the majority of the species of
Potamilus form a natural assemblage, the
placement of Lampsilis arnata and Lepltodea
fragilis nested between F capax and the re-
maining members of Potamilus renders the
genus paraphyletic. The single morphological
character that serves to unite members of
Potamilus is the possession of axe-head
shaped glochidia. Hoggarth (1988) suggested
only a “superficial resemblance” between the
giochidia of B amphichaenus, F, ohiensis and
those of P alatus, P, purpuratus and P, capax,

and recommended that russels with axe-
head shaped glochidia possessing hocks
{alatus, capax and purpuratus) should remain
in Potamilus, while those that lacked hooks
{amphichaenus, inflatus and ohiensis) should
be placed in the resurrected genus Lastena
Rafinesque, 1820. Hoggarth had not exam-
ined the glochidia of P inflatus and placed it in
Lastena on the basis of the morphology of
adult shells. His phenetic analysis indicated
that Lastena was more closely aliied to
Leptodea than to Potamilus. Within Lastena,
Hoggarth placed P ohiensis and B am-
phichaenus as sister to F inflatus. However,
recent examination of the glochidia of £ infla-
fus revealed the presence of large supernu-
merary hooks (Roe et al., 1997b). Based on
Hoggarih's criteria, P inflatus should have
been placed in a group containing P alatus, P
purpuratus and P capax, ali of which have
glochidia that possess hooks. The molecular
phylogeny (Fig. 4) agrees with the classifica-
tion of Hoggarth {1988) in the recognition of P
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TABLE 2. Pairwise genetic distances based on Kimura’'s “two paramefer” model, Values are percentages.

|4 P P P B
inf.w infw2 infw3 inf.wd inf.at

£ |24 P P B |23 P.
inf.az inf.a3 inf.as purpt purp.2  purp.c.  alatust

P inf.wt 0.00 0.00 094 2.46
B infw2 0.00 0.04 212
P infw3 .34 229
P infwd 248
P inf.al

R int.a2

P inf.ad

P inf.ad

P purp.i

P purp.2

R purp.col.

P alatust

P alatus2

P capaxi

P capax2

P ohien.1

P.ohien.2

P. amph.1

P amph,2

i..frag.1

L. frag.2

L. otnata

O reflexa

F. cerina

B P F |24 B

244 2.62 2.08 8.68 10.18 10.55 1018

2.28 247 1.83 8.55 9.51 9.70 5.88
2.45 2.62 2.09 8.49 §9.82 10.38  10.00
2.08 2.26 2.07 8.26 9.72 10.10 9.72
0.35 0.35 0.17 .36 9.32 9.4¢ 8.10
0.17 0.17 8.13 9.58 1017 8.18
0.34 8.49 9.82 10.18 8.39
.09 9.53 10.32 2.34
0.00 1.40 1.22
1.58 1.38
1.20

B P L. L. L. O F.

alatus2 capax! capax2 ohien! chien2 amphl  amph2  frag.d frag.2 ornata reflexa cerina

P infwi 10,91 14.40 14.48 12.40 13.02

P infw2 9.83 14.42 14.48 12.39 13.00
Finl.w3 9.92 14.28 4.3 12.47 13.09
B infwd 9.68 13.91 14.02 1216 12.76
Pint.at 9.02 14.24 13.88 1113 11.75
Finf.a2 9.1 14.25 14.11 11.20 11.82
F.inf.a3 9.31 14.08 13.89 11.02 11.63
F.inf.ad 9.27 13.09 13.88 10.88 11.56

E purp.1 1.23 13.79 13.62 10.18 10.56
E purp.2 1.40 14.49 13.88 10.82 11.20
B purp. ¢. 1.22 13.52 13.18 1018 10.58
£ alatusi 3.00 13.12 12.99 8.98 10.837
P alatus? 13.33 13.16 9.92 10.32
F capaxi 0.00 13.54 14.15
P capax2 13.40 14.04
# chien 1 0.34
P. chien.2

P amph.1

P amph.2

L. frag. 1

L.frag. 2

L. ornata

O. refiexa

F cerina

12.88 12.80 9.85 9.61 14.48 16,43  14.82
12.89 12.81 9.80 9.55 14.70 16.69  14.93
12.96 12.88 9.81 9.46 14.34 16,53 1479
12.64 12.57 9.51 9.18 13.08 1618 1465
11.69 11.54 9.08 8.74 12.85 16.26 14.95
11.66 11.61 808 8.64 12.98 16.02 1847
11.47 11.42 9.43 9.06 12.82 1586 1545
11.42 11.38 9.13 879 12,94 1858 1511
11.64 11.61 718 7.21 11.74 .81 1437
12.28 12.24 7.52 7.67 12.18 14.91 1455
11.86 11.81 8.20 8.25 12.35 16.84 1827
11.27 11,22 7.24 7.29 11.33 1575 1479
11.22 11.18 7.38 741 11.32 16.03 1483
14.28 1417 11.42 11.28 13.87 1877  17.44
14.14 14.04 11.30 11.16 13.98 1689 17.57
4.68 4.39 9.78 §.42 14,45 1740 1698

5.24 4.94 10.34 10.00 14.66 17.62 1758

0.17 10.78 10.44 16.65 17.84 1737

10.77 10,43 16.26 17.83 17148

1.03 9.87 1341 1364

Note Taxon abbreviations: P. inf.wi—4, Potamilus inflatus-Black Warrior River; P inf.at-4, Potamius inflatus-Amite River; P.
purp.1-2, Potamilus purpuratus; P purp. col., Potamiius purpuratus coloradoensis; P alatusi-2, Fotaritus alatus; P.
capaxi-2, Potamilus capax; P. ohien.1-2, Potamilus ofiensis; P amph.1-2, Potamiius amphichasnus; L. frag.1-2, Leplodea
fragifis; L.ornata, Lampsilis ornata; Q.reflexa, Cbliquaria reflexa; F. cerina, Fusconala cerina.

amphichaenus, F, inflatus, and F ohiensis as
a natural group; however, it is not due to the
shared absence of hocks. Clearly, given the
homoplastic naiure of hook develepment this
character appears to be of limited phylogenet-
ically ulility.

The phylogenetic position of P capax is
problematic. In analyses of the molecular
data, P capax is depicted as the most basal
member of the in-group in the weighted analy-
sis, and is the most basal or second most
basal member in the egual weight analysis.
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. ohien.2
. amph.1
. amph.2
fragt

L frag.2
P. capaxt
P. capax?2
L. ormata
F. cetina

100

98 g7

160

il

FiG. 3. Strict consensus tree for five equally parsi-
monious cladegrams based on maximum parsi-
mony analysis using equal weighting of all substitu-
fions. Numbers correspond to the percentage of
bootstrap replicates where the clade was found
{200 total replications). Only values greater than
50% are shown, Taxon labels follow Tabie 2.

The placement of P capax outside the re-
maining members of Potamilus indicates pos-
sible affinities with other genera. Potamilus
capax had been placed in Lampsilis by
Simpson (1814) based on similarities of the
adult shells, particularly L. satura (l. Lea,
1852} (Valentine & Stansbery, 1971). Based
on glochidia morphology, Coker & Surber
(1911} indicated that capax was not a
Lampsilis but a Potamilus. The molecular evi-
dence presented here indicate no support for
the ptacement of P capaxin Potamilus; for the
present, we withhold a formal recommenda-
tion concerning the generic affinity of P capax
untit a more inclusive anailysis can be per-
formed, including the type species of both
Leptodea and Lampsilis.

Our analyses suggest that R p. coloradoen-
sis may represent a species distinct from P
purpuratus (Fig. 4B). Simpson (1914) also rec-
ognized F coloradoensis (I. Lea, 18586) as a
distinct species, although he admitted he was
doubiful of its validity. The placement of the
specimen referable to P coloradoensis in our

analysis is equivocal, either being sister to R
purpuratus or P alatus. E-xamination of adult
shells reveals differences in periostracum and
nacre color between P p. coforadoensisand F
purpuratus shells from east of the Mississippi
River. Spacimens of F alatus are generaliy dis-
tinguishable from those of P purpuratus, but
examination of the glochidia of representa-
fives of these faxa reveais no detectabie dif-
ferences. Based upon genetic distances P p.
coloradoensisis phenetically more simitarto A
alatus (1.2%) than to P purpuratus (1.5%).
Genetic distances between these taxa exceed
the intraspecific variation observed in all other
species inciuded in the siudy, with the excep-
tion of F inflatus. Further research involving
representatives of F purpuratus and P alatus
from throughout their respective ranges is nec-
essary to resolve the relationships of this
clade. For the present, we recommend caution
in treating P, p. coforadoensis and P purpura-
tus as the same evolutionary entity.

Both F ohiensis and B amphichaenus were
placed in the genus Leptodea by Burch
(1975}, however no support for the sister rela-
tionships of Leptodea and these taxa is found
in this analysis. The molecular data do provide
strong support for the sister relationships of P
ohiensis and P amphichaenus, and indicate
they represent distinct evolutionary entities,
more closely melated to other members of
Potamilus than to L. fragilis.

The paraphyletic naiure of Potamilus raises
questions about the monophyly of cther
closely related unionid genera, such as
Leptodea. Leptodea contains three species:
L. fragifis, L. ochracea and L. leptodon. Of
these, L. ochracea was assigned to Lampsilis
by several authors (Simpson, 1814; Johnson,
1970, Burch, 1975) because of similarities in
appearance of adult shells, particularly to
Lampsilis cariosa. Morrison (1975) placed it in
Leptodea because it lacked the mantle flaps
often seen in species of Lampsilis. Hoggarth
{1988) found the glochidia of L. ochracea to
be more similar to L. fragifis and recom-
mended retaining it in Leptodea. The type
species, Leptodea leptodon, was originally
assigned to Leptodea by Rafinesque (1820).
It was also placed in Lampsilis by Simpson
(1914). This species has always been consid-
ered rare (OCesch, 1984} and has become
very difficuit 1o find recently. Ultimately, any
taxonomic revision of these taxa must include
type species. Future phylogenetic analyses
including these and other allied taxa are
needed in order to more fully resolve reiation-
ships among these genera.
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O, reflexa 0. reflexa
P. infw P. infwi
ﬁ-E P. inf.w2 P. infw
P. inf.w3 P. infw3
P. infwd P. infowd
_&{: P.inf.al P, ?nf<a1
P.inf.ad P.inf.ad
possss— B inf.a2 P infa2
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FIG. 4. (A, B). Two equally parsimonious cladograms based on maximum parsimony analysis weighting trans-
versions 2x transitions at the third codon position. Numbers above the branches correspond to the percent-
age of bootstrap replicates where the ciade was found (200 total replications). Only values greater than 50%
are shown. Boldface numbers beiow the branches correspond to the number of nucleotide substitutions at

these nodes. Taxon labels follow Table 2.

Conservalion Genetics of Potamilus inflatus

DNA sequence data have been used to
clarify relationships both between and within
species for a large variety of organisms from
whales (Milinkovitch et al., 1993) to hermit
crabs (Cunningham et al.,, 1992). However,
very few intraspecific comparisons of DNA se-
quences exist for studies involving unionids
(Liu et al., 1996a; Muivey et ai., 1997).

intraspecific studies are necessary for wise
management decisions concerning endan-
gered and threatened species. Phylogenetic
analysis of sequence data of the COl gene in-
dicates that populations of R inflatus from the
Amite River, Louisiana, and the Black Warrior
River, Alabama, are reciprocally monophyletic
(Figs. 3, 4} and represent distinct evolutionary
entities (Moritz, 1994; Mayden & Wood,
1995}, Genetic distances and the number of
nuciectide substitutions that separate these
two populations were compared with the num-
ber of substitutions that separate well-estab-
lished species. Examination of genetic dis-

tances reveals that the two populations of B
inflatus are motre distinct genetically than P
purpuratus is from P alatus (Table 2).
Examination of nucleotide substitution pat-
terns reveals that a total of 12 diagnostic sub-
stitutions separate the two populations of P in-
flatus, whereas F alatus and P purpuratus are
separated from each other by eight substitu-
tions. in another comparison of congenerics,
P ohiensis and P amphichaenus are sepa-
raied by 26 substitutions.

Nucieotide substitutions are considered by
some researchers to accumulate at a similar
rate for closely related taxa (Wiison et al,,
1987, Vigilant et al., 1991, Wayne et al., 1991,
Li, 1993). If this is true for Potamnilus, it would
indicate a more distant divergence fime for the
two populations of A inflatus than that for
some conspecifics. Aliernatively, the differ-
ences observed could indicate an increased
rate in nucleotide substitutions for the inflaius
ciade. in either case, based on these data, a
strong argument can be made for the recogni-
tion of the Black Warrior and Amite popula-
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tions of P, inflatus as distinct species. To date
no conchological characters have been found
that support the molecular data, and discrimi-
nation between these iwo species is based
solefy upon DNA sequence data. The recog-
nition of cryptic unionid species is not without
precedent. Davis (1983) identified allpzymic
differences for two phenoctypically similar
species of Uniomerus. The degree of genetic

_differentiation observed between populations
of P inflatus was greater than that seen in a
comparison of two other morphologically dis-
tinct species of Pofamilus and exceeded in-
traspecific values for all other species. The
current geographic isolation of these two pop-
ulations can only lead to further genetic differ-
entiation of these entities and has serious im-
plications for any plans to reintroduce P
inflatus in areas where it once occurred. Other
studies involving mitochondrial DNA variation
in unionids have come to similar conclusions
regarding the protection of genetically distinct
forms. For exampie, in a study of the conser-
vation genetics of two unionid genera, Mulvey
et al. {1997} confirmed the distinctiveness of
Amblema neislerii (1. Lea, 1858} and A. piicata
{Say, 1817) using ailozyme and DNA se-
quence data. Mulvey et al. (1997) recom-
mended additional protection for A. neislerii
because of its restricted range and particular
habitat requirements. In another study, Liu et
al. (1996b) urged caution regarding any ef-
forts aimed at re-establishing populations of
the giant floater, Pyganodon grandis, in
Coiorado, because of observed mitochondrial
DNA differentiation between different river
drainages. Given the unique genetic status of
the Amite and Black Warrior forms of 2 infla-
tus, we recommend that each should be man-
aged as a distinct evolutionary entity.

The utility of the COI gene for elucidating
relationships at the species level in our study
is based primarily on the relatively high num-
ber of substifutions at the third codon position.
The relative lack of support, as measured by
bootstrapping, for deeper nodes in the phy-
logeny is due in part to the smailer number of
variable sites at the first and second positions.
1t is possible that sequencing a targer portion
of the COI gene would result in higher support
for these internal nodes. Lydeard & Roe
(1997) found that the complete cytochrome b
gene proved useful for diagnosing relation-
ships of representative actinopterygian fishes,
contrary to previous studies based on only a
portion of the gene. These studies questioned
the usefulness of this particular gene for re-

solving deeper phylogenetic relationships
{Hillis & Huelsenbeck, 1992; Graybeal, 1993},
but merely lacked sufficient data to address
the guestion at hand.

Historically, much of the uncertainty sur-
rounding the placement of particular unionid
species in one genus or ancther can be at-
tributed to the use of characters of unknown
phylogenetic utility and the absence of any
objective analysis. In the case of Potamilus,
the phylogenetic analysis of an independent
molecular data set indicates that such charac-
ters as glochidia shape and spines on
giochidia may be homoplastic and thus not
useful in diagnosing natural groups of mus-
sels. Further investigations involving Fo-
tamilus and other genera are warranted and
shouid include morphoiogical as well as mol-
ecular characiers. Davis (1983) recom-
mended the use of multiple data sets for re-
solving relationships between unionid taxa.
The use of multiple data sets, such as mor-
phological and molecular characters, both in-
dependently and in a total evidence approach
{Kluge, 1989) would provide a more accurate
test of the phylogenetic utility of molecular and
traditional morphological characters in an
evolutionary context and provide much
needed insight into the evolution of these
fraits.
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